1 Method and system for cooperative transm ssion of a video sequence
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According to this method, instead of sending the same data to ‘each of the
receiving terminals using a long-range communication, the base station sends each
receiving terminal a different part of the data, then each of the receiving terminals sends
the other terminals the data it has received, via a short-range communication.

30 However, in the case of the transmission of a video sequence from a mobile
terminal, the resolution of the transmitted sequence is most often limited by the possible
throughput in upstream connection of the mobile terminal. Indeed, the radio transmission
strength of each radio interface of a mobile terminal is limited, both due to the lifetime of
the battery, and to ensure compliance with a standard setting the maximum allowed

35  specific absorption rate (SAR), i.e. the maximum level of radiofrequencies emitted by each

radio interface. For example, for a mobile terminal provided with a WiMAX radio interface,



the maxi mum fl ow i n downstream connection is 5.76 Mps, whereas it is
only 115 kbps in upstream connection, i.e. about 50 tinmes weaker.
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various transmitters via a plurality of channels of a 3G network. These packets are
received, then recombined by the server, which then reconstitutes the original video

30  signal. Thus, if the terminal comprises a number N of transmitters with 3G technology, the
upstream rate is multiplied by a factor N.

However, the current terminals are generally not equipped with more than one
radio interface using a given technology. The implementation of this method therefore
requires a substantial material modification to the existing terminals. Moreover, this

35 method involves substantial energy consumption, due to the multiplication of

transmissions on the long-range connections.



The aimof the invention is thus to allow the transm ssion of data
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video sequence. The transmitting terminal thus uses both its long-range connection and
its short-range connection to transmit the video sequence, which makes it possible to
increase its upstream connection rate.
25 Moreover, this transmission method is advantageous from an energy perspective
' for the transmitting terminal, as it sends only part of the layers of the video sequence
according to a long-range connection, which consumes more energy than a short-range
connection.
According to other aspects, the transmission method includes one or more of the
30 following features:

- the transmission by said long-range radio interface of the transmitting terminal of
at least the entire base layer towards said receiving terminal and the transmission, by said
long-range radio interface of said cooperation terminal, of at least all of the improvement
layer towards said receiving terminal are done concomitantly;

35 - the method also comprises a step for initiating cooperation, comprising:
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relates to a systemfor sending a video sequence to at |east one
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30 - means for segmenting said video sequence into a base layer making it possible
to obtain a deteriorated video sequence and at least one improvement layer,
complementary to said base layer,

- means for ordering the transmission by said long-range radio interface of the

transmitting terminal of at least the entire base layer towards said receiving terminal, and
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transmitting terminal;

- said transmitting terminal also comprises means for generating an information
message containing the communication parameters necessary for the transmission by
said cooperation terminal of said improvement layer and to order the transmission of said

20  information message to said cooperation terminal.

The invention will be better understood in light of an example of one embodiment
of the invention that will now be described in reference to the appended figures, in which:

- figure 1 is a diagram illustrating a communication network adapted to the
implementation of the inventive method;

25 - figure 2 is a diagram showing the architecture of transmitting and cooperation
terminals adapted to implement the inventive method;

- figure 3 is a synoptic diagram illustrating the implementation of a method for
transmitting a video sequence according to one embodiment of the invention.

Figure 1 shows the overall architecture of a system in which the inventive method

30 can be implemented.

This system comprises a transmitting terminal 1, cooperation terminals 2 identical
to the transmitting terminal, a network access point 3, a communication network 4, and a
receiving terminal 5.

The transmitting terminal 1, hereafter called source terminal, can be any type of

35 device including at least one long-range radio interface of the WAN type, such as a

WiMAX interface according to standard IEEE 802.16, and at least one short-range radio



termnals adapted to inplenent the inventive nmethod; figure 3 is a

synoptic diagramillustrating the inplenentation of a nmethod for

transmtting a video sequence according to one enbodi nent of the

i nvention. Figure 1 shows the overall architecture of a

systemin which the inventive nmethod 30can be i npl ement ed.
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5, reci ptesperstfons@intinglaRaadapted to the transmission of a video sequence according to the
inventive transmission method.
These terminals 1 and 2 in particular comprise a video encoder 10, a decision
20  module 11, an adaptation module 12, and at least two radio interfaces of the WAN 13 and
WLAN 14 type, respectively. The video encoder 10 is connected to the decision module
11, which in turn is connected to the radio interfaces 13 and 14 via the adaptation module
12.
As an example, the WAN interface 13 is a WIiMAX interface, and the WLAN
25 interface 14 is a Wi-Fi interface using the IEEE 802.11g protocol. These radio interfaces
13 and 14 in particular comprise means for encapsulating the data to be transmitted in the
form of data packets, and means for unencapsulating the data packets they receive.
The video encoder 10 is a scalable encoder, according to standard H264/SVC
(Scalable Video Coding), capable of generating, from a video sequence, independent data
30 layers, comprising a base layer, encoded according to standard H264/AVC, and at least
one improvement layer. The base layer contains a low-resolution version of the video
sequence, and the improvement layers making it possible to gradually improve the
resolution of the sequence relative to the base layer, and can be transmitted by
independent data streams. Thus, the base layer makes it possible to obtain a low-quality
35 video sequence and the improvement layers make it possible, in combination with the

base layer, to obtain a better quality video sequence.



Figure 2 shows a sinplified view of the architecture of a source
termnal 1 and cooperation termnals 2 adapted to the transm ssion of
a video sequence according to the invehtive transm ssion net hod.
These terminals 1 and 2 in particular conprise a video encoder 10, a
decision 20 nodule 11, an adaptation nodule 12, and at |east two
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The decision module 11 thus comprises means for controlling the sending of video
data layers via the WAN interface 13 during the ascending frames of the WAN interface
13 of the source terminal 1, and means for controlling the sending of the layers of video
data via the WLAN interface 14 during the descending frames of the WAN interface 13 of

30  the source terminal 1.

Moreover, the decision module 11 comprises means for deciding, as a function of
criteria such as the charge level of the battery of the terminal and the availability of the
terminal to establish a new communication, to accept or reject a cooperation request
received by said terminal, and means for generating a cooperation acceptance message.

35 The adaptation module 12, in compliance with the adaptation modules of the state

of the art, is capable of sending the data streams it receives from the decision module 11
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sufficient for the transmission of the set of layers via the WAN connection of the source
terminal 1, the decision module 11 initiates a cooperative transmission with the
30  cooperation terminals 2. According to this cooperative transmission, only the base layer is
transmitted via the WAN connection of the source terminal 1, and all or part of the
improvement layers is sent via the WLAN connection of the source terminal to the
cooperation terminals 2 so the latter transmit these improvement layers via their own

WAN connection to the receiving terminal 5.
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as a request indicating what improvement layers must be transmitted to the short-range
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Following step 29, i.e. during the ascending frame of the WAN connection of the

30 source terminal 1, the cooperation terminals 2 transmit, during a step 31 for WAN

transmission of the improvement layers, all or part of the packets received during step 29

towards the receiving terminal 5, via the network access point 3. To that end, the packets

received by the WLAN interface 14 from each cooperation terminal 2 are unencapsulated

by said WLAN interface 14, transmitted to the decision module 11 of the terminal, which

35  branches these packets, via the adaptation module 12, towards the WAN interface 13 of

the terminal. After encapsulation of said packets, including in particular in their header the
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cooperatlon termna r t eps n t he

t er mi nal t"E 8RARSHY°8n e{/mg‘f"g ’2%”3%@%%%? g’foé% t@%lbas’f)a{%%étfg ‘Qﬁdre&%‘ﬁ'ag
them t hr ganglthal belnrpatamer leadh teopehationaemiingl Pgreteives, dalindsevehe stepbstad( data
t_her ore ont| nuouslg(/ recei ves ijg a step 37 fotr ecei Vi n(?c}] Ita%e:?s t(%f
vi det’ daP&c egsevr@pma PR AP ARMANH 4BV ea PR AR MY IR e SR AT JaVAlYg the
dest i nat rg¥iving terminal 5 ad they ard fledsivethder st ood from t he precedi ng

description hgw.the tra ssi on net hod 30a cording,to the ipventign
ke 1t posePHIES 8 omas RS TR aite ea BT s pageicp Sk b gnt 33or
sequencesiep 2PStheeadstweiknBaesdsk opbint 3 receives the packets from each of the layers,

transmitted by the source terminal 1 and the cooperation terminals 2 during steps 31 and
25 33, or by the source terminal 1 during only step 22, unencapsulates said packets and
sends them through the network 4 to the receiving terminal 5. The latter therefore
continuously receives, in a step 37 for receiving layers of video data, several streams of
video data with the same source and destination.
It is thus understood from the preceding description how the transmission method
30 according to the invention makes it possible to increase the transmission speed of a video
sequence in upstream connection.
It must, however, be understood that the embodiment presented above is not
limiting.
In particular, the encoding of the transmitted video sequence is not necessarily
35  encoding according to standard H264/SVC, but can on the contrary involve any encoding

making it possible to break down a video sequence into a base layer, making it possible to



It must, however, be understood that the enbodi nent presented above
is not [imting. In particular, the encoding of the
transmtted video sequence is not necd@sarily 35encodi ng according to
standard H264/ SVC, but can on the contrary involve any encodi ng
making it possible to break down a video sequence into a base | ayer,
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20  more improvement layers to each terminal.



5(13) towards at |east one receiving termnal (5), characterized in
that it conprises the foll ow ng steps: - segnenting (20) said
vi deo sequence into a base layer making it possible to obtain a

| ow-qual ity video sequence and at |east one inprovenent |ayer,
conplementary to said base layer, and naking it possible to obtain a
better quality video sequence in 10acdIM$&ti on with the base |ayer,

- transm ssion (33), by said long-range radio interface (13) of the
transmtting termnal (1), of at least the entire base |ayer towards
sai d recei vi nt- tremeitheal fof Hapsmitting a videoasesiwessd rom( 2 Mansmiftingaiedgminal (1)
short-ra . ] [

1] oas o MeEging da{t‘?eés%ﬁé frs@@rgﬁefqé)rﬁ%éﬂétgﬁaéer @gz%é ‘bh r{g%%ﬁ%é‘?éd.é hterfaek
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interfac .one long-range radio interface (13),
transm s&"é‘&%f@,@' by said long-range radio interface (13) of said

cooper at i on t esegmenting2(20) stidatidéce asquenhe irdntéi basé iRyeovEkingt it Ipaggible to
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said | ong> said gpase dalieo antt makiaget pdBjblefo bhiint adedtai guality videe rieaaéncelin

of at% gr%b%@t?on%m {hgg%gg%gggye.r towards said receiving termnal (5)
e ,

and ransm ssi on y’'said |l ong-range radio interface (13) of
sai d cooper at i dransraisriona(33), )y, saif Iamg targst radiol intsfrfach e 18 )npt ee tremgmitting

|3 ayer t o% nﬁé‘gﬁg‘ Féggg[tﬁg Al b 3L @)aocﬁs;s% f%’&g.ﬁ@@&@%gg @t ly. 25
char act eri zed- itranshissiont(24), sy smdrphoﬁesngze stdap inteXfgcef (GH) iohithe fransigitting
cooper at te?r% nal gﬂp f 4§{ Q—:%st[ hhe ?ntlre .@%@e%é?tf‘g?&%v}@%(ﬁ?ﬂ Q?éth(%et C&ﬁﬁgﬁlon

radio in er ransmtting

coopéf at temmmaéqa)mpnamg B Oeast bee tshamsangesiadio ibigrfabe (BH @nd-angrigeg-range
radi o i nkedrg% (?fa(:&?: of said cooperation termnal (2) to said
transm tting erm (1) of a cooperation acceptance nessage.

4. - The transnitessmissivpt(Bd) tycsad donggrange oadio dhtetface (13 o diaity codpn@iration

char act efJ 26 1) Sileakt 18'oAroABRNERE: Byt Raril Lidh 8leilifl I AENG).

the transhi ss)

20 2.- The transmission method according to claim 1, characterized in that the
transmission (33) by said long-range radio interface (13) of the transmitting terminal (1) of
at least the entire base layer towards said receiving terminal (5) and the transmission (31),
by said long-range radio interface (13) of said cooperation terminal (2), of at least all of the
improvement layer towards said receiving terminal (5) are done concomitantly.
25
3.- The transmission method according to one of claims 1 or 2, characterized in
that it also comprises a step (25) for initiating cooperation, comprising:
- the broadcast by said short-range radio interface (14) of the transmitting terminal
(1) of a cooperation request, and
30 - the transmission by the short-range radio interface (14) of said cooperation

terminal (2) to said transmitting terminal (1) of a cooperation acceptance message.

4.- The transmission method according to one of the preceding claims,
characterized in that it also comprises a step (27) for initiating the transmission,
35  comprising the sending by said short-range radio interface (14) of the transmitting terminal

(1) to the cooperation terminal (2) of a message comprising connection parameters for



35conprising the sending by said short-range radio interface (14) of
the transmtting termnal (1) to the cooperation termnal (2) of a
nmessage conprising connection paranetelds for 14 opening, by the
cooperation termnal (2), of a |long-range connection, and connection
identifiers conprising the source and destination port nunbers, and
an addr FS[Sermfg , thyetter esupetdtivh ngrrtiaain2nasf (allepngarwhgta hrbnheﬂibhyiang conneotion
term na ransm ssi according to, one
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t ransmi t framgnittiag tériadal (1)and ameneteivmigesmassl@8)di ng t o conmuni cati on
frames successively conprising descendi ng frames and ascendi ng
frames, and characterized in that said transm ssion (29) by the
shortsrange radiThe trdrhfistich hdthododccbiting toaosaTbf tHenget:emm BRimg, Wyhevéin

th t 0
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Lhe' ¢ andsRerelRgra s cerotetzet in et F3ab e (BDEbY B shorttargi
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ol € boepeRL T 2 aor S f Sy E o bR RSl el A s cfpefation
I ea?]t don%rmfné:\_sﬁa)diuﬁﬁg%ﬂtﬁafegoﬁd emEsd descendmg&rame'EheRdi ﬁrath&n‘ss:sltgﬂnsmxssmn
met hod acgording to one of, t

Thar o1t GRS bV uions g Sp lSelis A3 e fpPu o iaBitd B o st v
:c %renr Zaib;!nﬁzﬁiettr;&ﬁé&mzsg@SSQ lsigblthi(;él E?Q)rangﬂﬁdd@ |£?1I§gpci Oti se?dé amrﬁmndermmal
Lorm nal (nst B Frorenit % BomRtind sleeriS Hafpifo el f8in' b bgse and

syst e f phiprovanaitildylers) gespeviivdB daetyigtnesst bae af sah@asdendtmg fra@ei Vi ng
termnal (5), conprising a transmtting termnal (1) including at
| east one short-range radio interface 25 (14) and one | ong-range

radio interfaee ([h3) tra@smisabn I méﬁiodOIaeccﬂ’deetcatdr@n of ethel mpadcedR) claims,
i ncl udi ng, at | eas tg g rt-ranera|0|nterf
i At

4) and,one

| ong- r anGRAPEENEES Bt O(FAyer Sﬁzﬂ 8EP dps &eéPawlnﬁ Scaﬁfg{’g%eaﬁ‘ﬁd improvement
transm tidysg beramhétaord dfcedb SWitoBRr arka: step for transmissieamon( $&iy rﬁeﬁWork
seg ting sai d V|&$o se encg i nt.o atbaseI er na?i%% it possib (
to obfai ACESTRUM 6P alold eaeBAE™ARY &Y PE&R g 7 I"BR’/@H%’H?”
| ayer, 3@gerplenmentary to said base |ayer, neans (11, 12) for
ordering the transm ssion (33) by said long-range radio interface
(13) of the transmtting termnal (1) of at |east the entire base

| ayer towar ds7sai dystendbriragniigingiandbed S¢quennd to at least one Fecm&@Ste(rﬂjﬂlal

12) for %)dgcgr#ug] lr;[gha? tr;[arﬁs%]lﬁmg%srlm?nnalg% r)\clt?c}lng g‘t‘ leas%rc])%tshoﬁ s %errg omterface
25  (14) and one long-range radio interface (13), and at least one cooperation terminal (2)
including at least one short-range radio interface (14) and one long-range radio interface

(13), characterized in that said transmitting terminal (1) also comprises:

- means (10) for segmenting said video sequence into a base layer making it
possible to obtain a deteriorated video sequence and at least one improvement layer,

30 complementary to said base layer,

- means (11, 12) for ordering the transmission (33) by said long-range radio
interface (13) of the transmitting terminal (1) of at least the entire base layer towards said
receiving terminal (5), and

- means (11, 12) for ordering the transmission (29) by said short-range radio

35 interface (14) of the transmitting terminal (1) of at least the entire improvement layer

towards said cooperation terminal (2),



35interface (14) of the transmtting termnal (1) of at |east the
entire inprovenent |ayer towards said cooperation termnal (2), 15
and in that said cooperation termnal 182) conprises neans (11, 12)
for ordering the transm ssion (31), by the long-range radio interface
(13) of the cooperation termnal (2), of at least the entire

i nprovenant ifl &hetrsaidovaomsatimi tbrmeaei(2) ogmprisesi medng §)1, B3.for Praering the
systemfor transm.tting a, Vi S e o' i ;
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nmeans f oat lelet drenenmireigndrinesnpers &ybt ®waatsosagh moeeivingtterenal(be | ong- r ange
radio interface (13) of the transmtting termnal (1) and the
receiving termnal (5). 109.- The systemfor transmtting a video
sequénce accod.di Tige tsystene fof tcdraimitng & ovieo cdemueanteeraczedingn te haaim 7,

said transm tting .term.pal (1).als i -
gener at | A 2s5adh THATGRE valitbuP S RumREF ) R, S Ree Maskdbr.ggtergpinig
sai d r egthestosgibe threughhot betwanagdhe &uigerange eadia dderfdod) (13a 0t thentrameanitting

said coo erat!@Esﬁih]?gg?aé\géééeé%&%@)ses means (11) for generating a

cooper at SoR"gc or ordering 15transm ssion of
sai d cooperation acceptance nessage to said transmtting term nal

1). 10. = Th t for... itti ' :
O el Ut b i A
t ransmi t thangctezedi malthet13aidl tsansouttipy i tsasinate &h)s alfd 1gorwisegemears i(hD &
information nessage _cont ai ni t ' | ter -

20f or ¢ HESETANGHT Saraey oy oDt oE Sk the BRARAR B S RS IR G
i mpr ovenetnirt-taayerradiodintesface d@4), tdvel trr Hras rHagks cospesdtiopatedminal ¢2)neerhprses
nmessage ;[n%aﬁéa ' 1fOf8P egre%telra?iplgt & g?)cr)]p%lratfo%) ‘acceptance message and for ordering

15 transmission of said cooperation acceptance message to said transmitting terminal (1).

10.- The system for transmitting a video sequence according to one of claims 7 to

10, characterized in that said transmitting terminal (1) also comprises means (11) for
generating an information message containing the communication parameters necessary

20  for the transmission (31) by said cooperation terminal (2) of said improvement layer and to

order the transmission of said information message to said cooperation terminal (2).



