1 Method for allocating resources, in a nobile and neshed -comruni-€ati-ons
networ,k, with limtation of the inter-cluster interference, mstem and

network inplenenting the method 5The present invention mumm “lummnWe field
of " nmobi | e and meshed conmuni cati ons networks, for exanpl hoc

networks. The invention also relates t@ cellul ar nobil e_netwssbs. Such

~networks conprise a plurality of nodes interconnected together by way of
radio |inks. The nodes of the network are itenms of radi o conmuni cation

equi pment, for eNRIRbLE far dloeatiRyrésolifddy, ila MOBIIBRA Widdhed Wi fi 1ink, a
portabl e tel ephone or any other w reless communication device. A node can
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division multiple access to the transm ssion nedi um ( TDVA) . Mobi | e
ad- hoc networks_are characteri zed by a capability for organi zi ng

thensel Yes, wi t Abat PipseabfinvRiomrelatas Lﬁ‘étt{fﬁleef'ekdooérfﬁgplée tand t’F%ﬁB%’ort of
cormmuni cat ?r?lﬁwdﬂur:g}lo%ss Rietibt d aléx%)‘rvﬂ? ueC%{?fh&t”h&Qvo%Qs. el ves

automaticalTy SO as 10 respon 0 thé’s epl oyne requirenments.
Mor eover suwhnaonnaﬂsmrd{at&sstb deﬂulablneoblte mtwmrles |Stmhmemmekmnompiriseam
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process for sinultaneous access to the transm ssion resources sO as to
prevent10si nullnlpat&rdaemmahauwppad wﬂrsa wdfi limlera periablel telepbose @r apystber of

users from.i n erferi her The probl removal
or 1 i ¢ ot MiHeSe Bl i A AGe a0 afse e el 3SRl hgh ¢
crucial si eéﬁyuhgéiiémsdérm W|fmé§§§oﬁwhﬂ1rﬁ@5t}6n%\%@| ity that can be provided
by such a network.
The |nvent|on relates more precisely to the allocation of
communication temporal resources in a mobile network, in particular time

15 division multiple access to the transmission medium (TDMA).

Mobile ad-hoc networks are characterized by a capability for
organizing themselves, without predefined infrastructure, to ensure the
transport of communications with a specified quality and for configuring

20 themselves automatically so as to respond to the system deployment
requirements. Moreover such a network must be able to ensure its
maintenance in an autonomous manner, in particular the nodes of the
network being mobile, it must be possible for the topology of the network to
be updated continually.

25 In a mobile ad-hoc network, it is indispensable to design and
implement a process for simultaneous access to the transmission resources
so as to prevent simultaneous communications between several users or
groups of users from interfering with one another. |

The problem of the removal or limitation of interference between users

30 in a mobile network is crucial since it directly impacts the service quality that

can be provided by such a network.
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The problematic issue of interference between users in a wreless network
is trgated in diverse ways in the state of the art. Firstly, solutions are
known whi ch are based on the application of 5 specific transport protocols
with built-in processes for nonitoring and correcting interference rel ated
errors at the price of a decrease in tRRe useful throughput. For exanpl e,
processes of ARQ "Autonmati c Repeat Request", FEC "Forward Error Correcting”
or H ARQ "Hybrid Automatic Repeat Request"” type are used to conbat the

di st urbances engendered by the 10 interference of comruni cations between
users but they introduce either redundancy data which inpact the useful

t hr oughput or afhadeioblematic tissues of Jelesigreénge Delwveers useretn e yvirgleshpat i bl e
with certajn l.-{] 0pl.i i : Vol ver | P. By way of

exanpl e, dhghv&rirﬁtls E'JJe.?Feﬁ?@sde“ﬁ rggﬁ%%dagﬁgfsﬁﬁe&#ﬁ%ﬁgport protocols making it
possi bl e to conbBabtliy,heollfiomd emneneitawn afhicttaref basett eni thea apblicdtims ofiet wor k.
O her known processes are based on the use of routing protocols,
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physical layer or of the MAC | ayer. These processes are ained at sharing
t he resur derferenaecal ommunicatiensdatween usersobul dhey datredugeoither

he CSMV i Ml tipl ' li si on AvQj
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of receipt between the sender and the receiver. |f the 3 network is
congest ed, appligaiignsspaeh jas geice vgr M Biewaynokexammige docement [1]

transm ssi i I i I r Ve e 1 1 SS) A arried
out for ¢ nPLethie 4 skl Bt ihe FenBoblprBidtolCheldriE e BRREE Sofihat M
about tise pbenomenbntdidntdebrericedh a wirdless meswork. send and its transm ssion
speed. The 5 receiver dispatches a nessage to the sender telling it that

the nediumis available for a send, and then the sender begins sending its

data. After receﬁpépfkne\tvnabﬂocbe dafa dp};%@%ﬁhﬁd@é‘@ﬁ%ﬂ@%@%@ an

acknow edgenent of recelpt to the sen t he nei ghbouri ng senders then

wai t a ti mimpkemenieddatt thdoametworks sayey lewel, twidh tthenaim safi mvaximizinge theo! une  of
I nformati Orl]Jtiﬁant%% of me' resources of the wireless network. By way of example, the
20 process described in document [2] is based on estimation of the interference
generated by the communications, that described in document [3] takes into

account an anticipation of future interference.

Finally there exi:st processes for simultaneous access to the physical
25 resources of the transmission medium which are implemented at the level of
the physical layer or of the MAC layer. These processes are aimed at sharing

the resources between the various users so as to avoid collisions.
The CSMA/CA (Carrier Sense Multiple Access with Collision
Avoidance) multiple access process uses a mechanism for dodging collisions
30 between communications which is based on a principle of reciprocal

acknowledgement of receipt between the sender and the receiver. If the



10 The CSMA CA access process is notably used by Wfi networks. The
CDMA (;Code division nultiple access) multiple access process relates to a
system for coding transm ssions which is based on the spread spectrum -
techni que. Several digital links can use the same carrier frequency by
virtue of a spreading code allocated t8 each. The receiver uses the sane 15
spreadi ng code to denodul ate the signal that it receives and to extract the
useful information. The spreadi ng codes used have an orthogonality property

whi ch guar ABhASR i REnBYlcaaRERsAlisdioh i BeRifod GhRELorIBRINLER Pt Of
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the spectrumto each user. In this way, the collisions between users which
do not &onreasiveit dispatchre & amessageqiveittsi ssnder tellinglilcleat the reediim §s  TDVA

on' - t erporkhienifet G Py AR, W, el s8nle BRSRC SEARRG DE' Grel BB e

transm ssi pscaptiohwhall the atdsente #needeier eligpaictied anrackhiwledgemenbofli sj oi nt
wi ndows 100 each | asti ng a duration equal to a 30 predeterm ned perjod T.
Each time U@oeiRiiothe seader. Alidbg neighporringsenders thenowait artine estipated o of
duration T[S,al . I Sl Gy 1Nt o
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relates to a system for coding transmissions which is based on the spread
spectrum technique. Several digital links can use the same carrier frequency
by virtue of a spreading code allocated to each. The receiver uses the same

15 spreading code to demodulate the signal that it receives and to extract the
useful information. The spreading codes used have an orthogonality property
which guarantees the avoidance of collisions between communications of
various users. The code itself does not transport any useful information. The
despreading operation on reception requires significant calculation

20 capabilities, therefore more expensive components.

The FDMA (Frequency division multiple access) multiple access
process consists in slicing the useful frequency band into sub-bands so as to
allot a part of the spectrum to each user. In this way, the collisions between
users which do not communicate on the same frequencies, are reduced.

25

Finally, TDMA (Time division multiple access) multiple access
processes are known, based on a temporal division of the resources and of
the multiple access to the transmission medium. These processes implement
a time slicing into disjoint windows 100 each lasting a duration equal to a

30 predetermined period T. Each time window 100 is divided into a plurality S of

time slices 110 of duration T/S also called slots 110. An exemplary time



5 the vicinity so as to avoid all collisions with them This process

guar antees service quality but requires the nmutual synchronization of all
the termnals of the network as well as a know edge of the conmunications .
undertaken by the other termnals so as to nake at any instant the right
choice of allotnment of tine slots to edch user. In order to operate, this
process therefore requires 10 cooperation between the termnals and this
may pose a problem for networks of |arge size. To achieve this
cooper at i og &ﬁgﬂqtmhﬁ&g%wm & §Y6is [deSbdild iATgREOLAFReARE Sts 1N
introducing a hierarc et ween e termnals. The termnals are thus

gr ouped i nte:nrmmdismsbesabs:omﬂlmledtecwubtaenoﬁ)en thesmagreeoVEs theiahgice: ef ni nal |
call ed the, cl uster-he cts as .leader and has.the function of edul i ng
t he _comTunm‘;’arm?n?qt aﬂﬁegg'ﬂ%ﬂ?é’v he}ﬁ% cRAVRUNIGREON Will o8 1o IS ou?fﬂ]
termnal s fﬁklﬁ% t&'é&baht MY Eemhlriicitionar serfdtmieREby fidd otfgrterminaldim |
col | i sions between the conmuni cati ons of each termnal. The other term nals
of the &l utheerichulyesa agitoeanoid iadl adlligionswithl thener This iocesseguaiaatess: her
menbers 20_if .the I|nk 0 I ay
nodes i f tﬁ%@”‘ﬁag%a@y ﬂes {ﬁ[éém{d]&nég%mgtﬁ®ngat|5n%f%ll#ﬁ%ﬁé;m@labsgﬁ} er. An

exenpl ary mh@mmta@wgllt@@(al mmvlbdgbcnftthaadsdmnunlnaratlbnerlﬂrdelanea by
represented in Flgure 2. The sane network org anhzed |n o cI sters is

r epr esent ethe ather deiineingls $xap te makesat ary inptantit Pé@hﬁﬁ 13letapnhead
termnal, ftl&%fﬁ{)ﬁri‘éeé%éﬁyus,ttégelr{]@rtdte?'io Gpél%% ath@ﬁf‘b%éss M edfe Febiifed € of

radi us subs antially equal e range of a radio l1nk between two

t er m nafos. c&hﬁemombm}veelslthejtdranhalsanddhs roay pose lzeprobiend dorchaetwoets i
managed by ¢|luster-head termnal C 5 termnals. Each cluster manages its
communi cat PHIEI® §FEpendent |y of the other clusters, thereby allowing

managenment of thg é&ﬁ@\'rkf)‘fﬁ‘é oppdtithr 8 ﬁ\é&%bﬁﬂﬁé‘fﬁ/orm‘(@ier itsige,
i ndependent managenent by clusters entails risks of 5 collisions bet ween

t he communiooatpronssstonsistsai mtreducnag@mrgrchmb%tmegaethe terminads. The a

cluster i di.at el hbourin no I f . Fi

clusters % "& Iﬁn% nghL%r @r%‘ﬁ?%fgé'ﬁf) %‘gbstelllsé lIS ?%W.S%lgkg\fmvg@&t?h%
clusters Chnidde Rnhiral, SdiRdaicagigster-heat! héct@a@lb@deﬁénd% theuahetion havi ng
no know edge of the slots chosen by the other clusters $OSS| ble 10

that two cDﬁ§§b¢@U|lf@ytf@eC@UﬂNn&3é'ﬁﬂﬁyné'l‘%§8>t§(9ft'ﬂ%@%ﬁﬁ!ﬂ?d"ﬂﬂ dobf one
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their co nlcatlons hus crea elr
conmuni cat icehisions between the communlcatlons of each terminal. The other terminals

of the cluster have a direct tie with the cluster-head, they are either members
20 if they are linked only to members of the cluster, or relay nodes if they have a
tie with- a terminal belonging to another cluster.
An exemplary meshed network topology without particular hierarchy is
represented in Figure 2. The same network organized into clusters is
represented in Figure 3. Each cluster is identified by its cluster-head terminal,
25 referenced by the letter C and a number, and by a circle of radius
substantially equal to the range of a radid link between two terminals. The
terminals situated -inside'a circle belong to cluster i managed by cluster-head

terminal C.,.

30 Such an organization into clusters makes it possible to delegate the

allocation of the resources to certain terminals for a group of adjacent



A problemw th the TDVA nultiple access processes associated with an

or gani,zati on of the neshed network into clusters is therefore that the 15
prevention of collisions or interference between clusters is not
guaranteed. For it to be so, the process for accessing the resources nust
make it possible to minimze the chanc®s of two or nore adjacent clusters
choosing the sane tine slots to communicate. A solution to this problemis
presented in docunment [4]. It is based on 20 the definition of super tine
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is assigned to a di ent cluster, 1n an arbitrary manner, wth the sole
const r ai ntother ghisterssthgnemgalltweinganenaggreentwithewesourogs adiasge:aecalel ust er s.
This solution nmakes it possible to avoid interference between nei ghbouring
clusters, PRRWEVES- its effectiveness is limted since it 25 entails a |ag

~equal to at | eaﬁlk)/omfek}ér,dﬂ“samd?ébeﬂﬁeﬁt Mféffge\’vﬁélﬂow chetereesntaw® risks of
communi cati ons. reover the nunber Nf of time windows allocated to a

cl ust er s5i scoliiione thehseen thencoinorunidatiomsof gwocadjaesntioustesn AsY adjaeeMunber of

nei ghbouri or adjacent clusters. Thus. thi S kee i nto
account th&ga alfti ‘ggg@ét'"ﬁ?e(ﬁﬂ%IX 6}?(@1%’)5’”8@ gﬁsr)rtg‘glﬁl gp(ri:@%/\%%&n Fé{%dglfdoes not
30 al | ow opigurah, BRPEILIP8I02 GF ahd €T geoadjaesntitorthe lcluster 61 whikewisexhi bi t a
nunmber | ess than Nf of 2%’ acent clusters. sent invention
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communi cat I'ons 1 esources consisting o east one tinme w ndow 10
conprising at | eagproblepl withlthe TVAtmuitipls aceessuprongsses assadiated AVith nodes

are or are not authorized to co nicate the said S ei ng
struct ur ed 2BsOWFNARIEN ¢ the mg epggﬁbl‘fn@ooﬁﬁﬁt%ﬁs% Q}%g?@gés}t@ﬁ%ﬁg%node,
the saifg ”?Pé\%ti%ﬁ' SOcAabAS loplihiefdréntd batwddn eRETrs 98 hattguaeanteetihe

followi ng Steps: 150 a step of generating a chart of configurati O‘@fe each

conpr i si ng Far ditb feer smthe proressifonagrassing teiragesrces mestdhaks fPOSPHIS of t he
Strictly poeminouer dfegtriee) Esot flott alisgeREheldte tpeplio e ik |
assi gni ng s abtoy 8rmmanidat@m anong t he generated set of
A solution to this problem is presented in document.[4]. It is based on
20 the definition of super time windows composed of a plurality Nf of TDMA time
windows. Each super window is assigned to a different cluster, in an arbitrary
mannef, with the sole constraint of not assigning the same super window to
two adjacent clusters. This solﬁtion makes it possible to avoid interference
between neighbouring clusters, however, its effectiveness is limited since it
25 entails a lag équal to at least the duration of a super window, between two
communications. Moreover the number Nf of time windows allocated to a
cluster is defined as a function of an a priori estimation of the number of
neighbouring or adjacent clusters. Thus, this process does not take into
account the dynamic aspect of the topology of a mobile network and does not
30 allow optimal apportioning of the resources for clusters which exhibit a

number less than Nf of adjacent clusters.



20 configurations, to each cluster in such a way that a, strictly

posi tiwve, predeterm-nedi nunber Np of priority indices are not assigned to
the sane slots for the clusters which are nutually adjacent, o a step of
allocating the time slots to the intra cluster comunications in the order
of the priorities which are defined in6éthe configuration 25 assigned to
the said cluster, the priority index associated with a slot for exanple

i ncreasing with the order of allotting of a slot to a new comruni cation, a
new slot being allotted only if all the slots whose priority index is

smal l er are already allocated to a comunication. In a variant enbodi nent .
of the inventi oThetpresgenémaintion f aihed 38t cemedygingathe rafetementionedar ri ed
out at least with tP@ﬁaLd of the rollovvin stegs: 7 0 a step of

i nitializigitaliRns,e QOWHJPE'SQ SACEERS '?ri°r°§? SHRY i%’ﬂP&?‘PSrﬁD PEPYGIRFen

val ues, 0 ﬁm%k;rf’g;aﬁhp&é%lé%f%lt%rqﬁdééui% remeeY iimer folester interfeRmdeot al
nunber of contigurations Nc, 5 a step of generating a sequence M Nc

conpr i sengwhile gbaesntesisg oipfiteal appotioneent andrassigronent afiibe ye$QUICRS.N(s) of

t he sequence M ssociated wth.a sl foin ' ' i ndow i s
taken equal to Pﬂ'éﬁl}ﬁ RY RS HifesH J?%‘rﬁfghﬁﬁ’b"et"ﬁ'gﬁg? ?oﬁr‘;gth;t?laﬁﬁhlb@%%éﬂg t he

sai d sl ot gbmidifticatonsn réddurtde iBr evirobily rhegkedr aétadrk oodmgtisiagi @ans, a
step of generating a sequence SUMC, conprising n values_assocjated with the

n time siopkralihef neree coommriatng wit e aeater bywansssreialiesSwien a sl ot
'ndi ces o Sthe B TR BbdRate BheRiHG, pf at R WG (iRl Y
conf i gupat temprising at least a plurality of time slots during which the said nodes are or

are not authorizéd to communicate, the said meshed network being

structured as a plurality of clusters each comprising at least one node, the

said method being characterized in that it comprises at least the following

steps:

15 o a step of generating a chart of configurations each comprising a
different allocation priority index for each time slot of the said time
window, the said indices varying from 0 to n-1, n being a strictly
positive integer equal to the number of time slots,

o a step of assigning a configuration, from among the generated set of

20 configurations, to each cluster in such a way that a, strictly positive,
predetermined number N, of priority indices are not assigned to the
same slots for the clusters which are mutually adjacent,

o a step of allocating the time slots to the intra cluster communications
in the order of the priorities which are defined in the configuration

25 assigned to the said cluster, the priority index associated with a slot for
example increasing with the order of allotting of a slot to a new
communication, a new slot being allotted only if all the slots whose
priority index is smaller are already allocated to a communication.

In a variant embodiment of the invention, the generation of the

30 configuration chart is carried out at least with the aid of the following steps:



a step of separating the priority indices between indices of conpul sory
priority and indices of optional priority, the indices of conpulsory
priority being strictly smaller than the ratio n/c, 20the indices of
optional priority being greater than the ratio n/c, a step of assigning

t he conpul sory priority of index p to Yhe tinme slot of index s for which
the sequence M N, exhibits a nmaxi mumvalue, if several slots conply with
this condition, then the conmpul'sory priority of index p is assigned to the

sl ot for which géi%ﬁoﬁﬁﬂféﬁﬂﬁg t@%loﬁmhm&% cﬂ‘t HtSTUBhH r’éﬁon t@gﬁie‘ﬁp of

assigning the optional prior ex pt etlrre i'ndex s for
whi ch the sequevaiae§UM exhibits a maxi num vaI ue i f several sI ots conply

with this condifion, then the optjo priority of ed to
the slot for %{%@a@bt%?'gé@]@ﬁc%# N/Iqﬁ?‘ Ce‘éﬂW'BgthO"H mﬁ}?utﬂ?"\‘)eﬂ“ﬁ@ I'n
anot her variant, LfgHY g)f the invention, the generation of a different

chart of conflguratlons I's Carried out for each ?roup (GL ,&) of clusters
conpriséng only mut ual $tgpaol geeeltatmguetsemerlcﬁeM NG tdoanprising dh valugs bei ng

S"cai 4 or oup al so_ berstiagd: Bananer Rt R IS MAsEershE '

arbitrary configurat Sé)cﬁhéﬂl%nl\/nﬂp%s@f)cbt&i WRtibarsiel ustikdex of int the amed group
is also a nenber of another | n anot her variant enbodi nent of

the invention, to eadindovud gakeinseﬁ@%h@n@@ RHEMeEH IRdRY HeMAMSNINthe mum
index ¢, in the char brigﬂﬁtxqgﬁgkeg%f%boéhﬁd s]r(g’t I W%ﬁlttﬂbrﬁt‘%‘J?’bugﬁls' gned

to anot her cluster. er vari ant odi rre I nventi'on,

wi thin+{a cluster, thgesemtethcomfiguratiors,e prohl bited on the slots associ at ed
with a priority index g{reater than a redeterms@ﬂ t hreshol d. 1 n anot her
vari ant enbodi ment" of $18R 9T 9RRTAHRI 4 seguencs| er COMPHIAE N YaAES: Ut es

the cluster |eader [Locddigid WiR MR BincAlslsatidGalte SUMKsS! G thel 0 t he

intra cluster conmunications as a function of their prlorlty i ndex bei ng
execut ed by this nodsequencenSidy assodiatad with @dslobf index isein theetimieon, t he
step of assigning t hwmdow is taken equal to the sum of the priority indices of the
15 said slot of index s for all the previously generated
configurations,
= a step of separating the priority indices between indices of
compulsory priority and indices of optional priority, the indices
of compulsory priority being strictly smaller than the ratio n/c,
20 the indices of optional priority being greater than the ratio n/c,
= a step of assigning the compulsory priority of index p to the time
slot of index s for which the sequence MIN; exhibits a maximum
" value, if several slots comply with this condition, then the
compulsory priority of index p is assigned to the slot for which
25 the sequence SUM; exhibits a maximum value,
= a step of assigning the optional priority of index p to the time
siot of index s for which the sequence SUM. exhibits a
maximum value, if several slots comply with this condition, then
the optional priority of index p is assigned to the slot for which

30 the sequence MIN, exhibits a maximum value.



configurations to each cluster is carried out by distributed nmeans
conpri,sing 20 at |east the broadcasting, by each cluster, of its

configuration index to its adjacent clusters. I n anot her vari ant

er_rbodi ment of the invention, the said network is a cellular network and the
cluster-| eader node is a base station.§8 | n anot her vari ant

enbodi nent of the invention, the tine window is a 25 TDVA w ndow. In a

particul ar aspect of the invention, the nethod according to the invention

|s i npl ement gd By f fe WAGH At laiRghikieAYiRlehtish, the gérdatoh &t ack of
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each node. " ject o e 1nvention iIs also an onboard

comuni catdiffereii sérem 39 comfigdestidnsnisacamied! eunh foreeach Ygroopmi@i,&2)iefg wi t hi n
a mobile ad-hoc 9 network, characterized in that it co rls?s means

sui tabl e f@usterpIcomTising anhe MeRly adiacei dystess: g i HURIETER SOP The
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t hat - Sash iﬁidtggeupealsb hetterifdit) arotiper gresipaor ondberkpsis @hamn aedifraly syst em
according to the invention. her, charaget.eri sti nt ages
of the i nveRayRAtEN WNEBIHRL abig E]ﬁm%ﬁrtﬂu?tﬁés gfh"eofgltdh@%é@ggraﬁp i%on \g/]\,hi ch
fol | ows of frsbridt anetidrigeoupo 10 appended drawi ngs which represent: Figure
1, an illustration of a time slicing according to a process for

si mul t aneous lacaersther ovarlent Temodisenir o stheriryaniion, taneagBnplilale) ifeshed
E?;\l’]\?;kzt 35%‘48&# me;gc%%gé{?gtgcﬁﬁ §fh’ﬁ\ﬁ}|gmn? SO in IRE CHYA DF onfifSratikagp! € of
10 which is not already assigned to another cluster.

In another variant embodiment of the invention, within a cluster, the
communications are prohibited on the slots associated with a priority index
greater than a predetermined threshold.

In another variant embodiment of the invention, in each cluster, a node

15 executes the cluster leader function, the step of allocating the time slots to
the intra cluster communications as a function of their priority index being
executed by this node.

In another variant embodiment of the invention, the step of assigning the
configurations to each cluster is carried out by distributed means comprising

20 at least the broadcasting, by each cluster, of its configuration index to its
adjacent clusters.

In another variant embodiment of the invention, the said network is a
cellular network and the cluster-leader node is a base station.

In another variant embodiment of the invention, the time window is a

25 TDMA window.

In a particular aspect of the invention, the method according to the
invention is implemented by the MAC and/or network layers of the protocol
stack of each node.

The subject of the invention is also an onboard communication system

30 embedded in a mobile node (Ci) communicating within a mobile ad-hoc



network by clusters, Figure 4, an exanple, according to the invention, of
assigning priorities to the slots of a tine w ndow, Fi gure
5, an exenplary configuration chart generated according to 20the invention,
Figure 6, an exenplary allocation of configurations to each cluster of a
group of two adjacent clusters, Figure97, an exenplary allocation of
configurations to each cluster of a group of three adjacent clusters,

25Fi gure 8, an exenplary allocation of configurations to each cluster of a

group of .f,gégmtoﬁg,i %ﬁg@g&&atﬁ Rat .F'ch{qg.sas rﬁeéh%ng&{e B irhpram%rﬁ

i npl enent | £e8dV 4 nvention culmnating i n
generatlOnth@fmatmﬁtacﬁormngftd)m atvennen 30Fi gure 10, an exanple, in a

vari ant enbodi nent of the invention, of allocatin nfigurations to each
cluster conpriing sHPigct iof theginygption is 19Jse pRady 'Eﬁ"gc’l?g‘ﬁ’oéﬁgﬁgm@%@ a ’

second gro | r t he
e sl ol paraty BHGtReRes iR Rnica Y Gt bpe B Sham el
conmuni e6at inotimt rezshl of the Samhmodes (Ci) comprises an onboard communication

system according to the invention.

Other characteristics and advantages of the invention will become
apparent with the aid of the description which follows offered in relation to
10 appended drawings which represent:

- Figure 1, an illustration of a time slicing according to a process for
simultaneous access to the TDMA resources,

- Figure 2, an exemplary meshed network topology without particular
hierarchy,

15 - Figure 3, the example of Figure 2 with an organization of the
network by clusters,

- Figure 4, an example, according to the invention, of assigning
priorities to the slots of a time window,

- Figure 5, an exemplary configuration chart generated according to

20 the invention,

- Figure 6, an exemplary allocation of configurations to each cluster
of a group of two adjacent clusters,

- Figure 7, an exemplary allocation of configurations to each cluster
of a group of three adjacent clusters,

25 - Figure 8, an exemplary allocation of configurations to each cluster
of a group of four adjacent clusters,

- Figure 9, a flowchart of the steps of implementing the method
according to the invention culminating in the generation of a set of
configurations,

30 - Figure 10, an example, in a variant embodiment of the invention, of

allocating configurations to each cluster comprising a first group of



adj acent clusters, the nethod according to the invention consists,
initially, in assigning a priority of use to each slot of a tinme w ndow.
Figure 4 illustrates this principle. Represented therein is a tine w ndow
400 sliced into slots. Wth each slot is associated a different nuneral
varying fromO to N-1, N 10 being the tunber of slots in a tinme w ndow The
priority of use of a slot is all the higher the smaller the associated
nuneral . The nuneral defining the priority of a slot will subsequently be

desi gnated the priyQfdet M cITFq%r§eénd)f a t&ohdl %’iéﬁ[i &5 gﬁgogdjgggﬁit W th

the slots of a tine W|n WIS called a configuration.” When a node of a
cluster asks the lohadenrs, node of the cluster 15 for access to the

comruni cation resqurces, the lea ates, for .t ni cation, the
unused tine slot WHIYR Ekrﬁrb'”%trﬁﬂ q?l#tbﬁg@ﬂe Sfiging Pf?h[l@w%t mH@W by the
smal l est priority index. In the exanple of Figure 4, the first

comuni cation will be allocated to the time slot of priority index 0, the
sl ot of 5prioritin ondrxtos ageidngoltisions hefwesd| edrpmmnications reshINGf Bom time

slots are 20 alread ned..t i a di ment
of the i nv@%ﬁ‘?ﬁ'ﬁt 8 ¥tetr?1e ngSWO%y ?%g(g%qpctﬁg |ﬁv%nt,or?\ (gor esfi]%té‘r Htt}?(ﬁgbg] gi ven
t hreshol d, aédigningasl BrioNGAsF We tdreach BRitesf = amepwipkiol. Figure 4 dlustratezat i on on
this slot. To avoid inter cluster interference, the same tine sl ot

must not bthisgsinginiel Beptaseatedbthergin i ehtimeowndeme 40Doslicednitasials: f r om
two 25 ad % Eaglll (ﬁtelrs asécﬂsl 544 -&@er%ﬁpﬁ}-@f‘éﬁ%g llymffr%ﬂp%t fPNDY Nthe

met hod accor |nven ron is nota assi gni ng, for the
sanme sliot, bamglthéewmerpdsf sooilstm d Umeaaihdohu%erprcﬁrltmo‘s%emﬁ aoslphiseait
clusters. Inthis nber of, co ura ns te IS ual to
the nunmber hQ"t?t"\g?‘Sf S@a ‘?r %%&89\53%9 :["" ega e r’%ﬁ? g "W@e"Cet of
conf i gurat R/R Qﬁ'beéléi o Q.thééb%eﬁﬁ%*b‘édd@é@ﬁﬁtgu"!Hetp‘PiohﬂﬁanB)(e‘Pﬁé QBt bPr a
time windo r|3|ngl ot's is exanple is given by way o
illustratite epmbrrtnesneisswmaﬂedsa\nﬂnttheeslots tdfe aotie windewg s t calledofa t he

e " ehopsRion B P AL Bl ol P RRes noth f ESIAEE o
priority Vedrugededs fd‘%\é@@%huméaﬁb@treéé@r@é@sm Qda@ér alkscdtesajor this t hi s
way, each cluster, which organizes the conmmunications within itself
communication, the unused time slot which exhibits the highest priority
identified by the smallest priority index. In the example of Figure 4, the first
communication will be allocated to the time slot of priority index O, the slot of
priority index 4 being allocated solely when the other four time slots are
20 already assigned to a communication. In a variant embodiment of the
invention, if the priority index of a slot is greater than a given threshold, the
leader node of the cluster can prohibit the communication on this slot.
To avoid inter cluster interference, the same time slot must not be
assigned simultaneously to the communications emanating from two
25 adjacent clusters. In order to comply with this constraint, the method
according to the invention is notably aimed at assigning, for the same siot, a
different priority to each cluster of a set of adjacent clusters. In this way, the
number of configurations generated is equal to the number of slots of a time
window.

30



according to a given configuration, is the only one to have the highest
priority on a tine slot. In practice, it suffices that a cluster has the

hi ghest priority on 10 a nunber of slots equal to Nr,= where nadi is the
nunber of clusters |+nadj which are adjacent to it. The generation of the
configurations according to the inventilon makes it possible to satisfy this
condition up to a nunmber of adjacent clusters equal to the number of tine
slots of a window, this being anply sufficient in practice. 15 Once

the chart of t { i ' ' ti
o assigned to 1400t 2Rl B B et or e
con}c i gyratq[dr?@sdiagetc):ﬂm iihverstioratfed ai timeupyiodewo¢orApysings 18, slatsanthis whi | e
enpl oyi ng e exenpl ary, configuration chart of Fi e o ' f t
e o1 of sexampls 19 G PE W 71 UGEFatostagh s Rah b ey SELE g, ot
confi gur a?dﬂ?ﬁgﬁﬂf@é‘ﬁhtr@ H&hBEr 6f sRtdpetimel windewadhiehes! ingprasties,ofCl  and
C2. The firs onfiguration of the chart of the set of pgss

. ) I ble . .
conf i gus atthermdesoha iugdest. ticachheonfigusation @Bpr%nﬂqﬁb%@!iﬁﬁateS@ﬁhlb&ér ation

s assigned to the cluyster . Jhus I Iigh
priority oA d : rent Hréorityd@éu%forttﬂg %ﬁ”ﬁé%\,ﬁ# nglgyv?'leﬁee&??%??g%%%??Ita ote th .
12 confi guhiy vy, Odadthelusher, twhitht byaskiesothep @osirhlpications guithin iitae¥f i s
assigned to the cluster . The second configuration iﬁ %s i gned to -t he
cl ust er Czaccomdingtpraigivenfaogiigdtation. |Ssth§s%’l|3gg@8 te haypdne | @ngpﬁ‘%r.'tymus,

each cl uster possegsen, bl oRSAidLIAL & YiierhdditidhiBhes itictiipn of the

time windod! &" ots I'n tot lgure 8 illustrates an

exanpl e of allocations of configuratinons to each.cluste f of f
adj acerif chusihey @ slo&2auss tand, c4 . The V‘fherrgtnaéd?ﬂﬂi’egme%(gr?qé}ﬁistqﬁrg char?ur

of the set of possible configurations“s assigned to
which are adjacent to it. The generation of the configurations according to the

invention makes it possible to satisfy this condition up to a number of
adjacent clusters equal to the number of time slots of a window, this being
amply sufficient in practice.

15 _

Once the chart of the set of configurations has been generated, a
configuration is assigned to each cluster. Several examples of the
assignment of configurations are now illustrated in support of Figures 6, 7
and 8 while employing the exemplary configuration chart of Figure 5, defined

20 for ten time slots.

Figure 6 illustrates an example of allocations of configurations to each
cluster of a group of two adjacent clusters C1 and C2. The first configuration
of the chart of the set of possible configurations is assigned to the cluster C1.

25 The second configuration is assigned to the cluster C2. Thus, each cluster
possesses the highest priority on half the slots of the time window, i.e. five

slots in total.

Figure 7 illustrates an example of allocations of configurations to each

30 cluster of a group of three adjacent clusters C1, C2 and C3. The first



10 the cluster . The second configuration is assigned to the cluster C2.
The third configuration is assigned to the cluster C3. The fourth
configuration is assigned to the cluster C4. Thus, each cluster possesses
the highest priority on a quarter of the slots of the tinme window, i.e. two
slots in total. 15The nmethod, accordiri@ to the invention, inplenented to
generate, in an automatic manner, the set of possible configurations is now
described. This nethod is executed by each cluster-I|eader node

(cluster-h ) . j } IISVBTR i F rign of a

fl owchart ,&?rﬂ?é;ug?téopnsof&@ %iﬁgﬁﬁggp?ﬂgﬁﬁer at i |§gfeg$6’nts hlg égg{@ n%fg ©

conf i gur at fhendustec @i Trie secdrid: cadfiguration imassigned to thaelystes2. The

configuration 900_.is defined arbityraril for, ex le its priorjty indices
are assi gn@érgt &opfigurglig & o"i‘%s'gr??‘{ﬁ i tﬂ¥¢ S PREL| ﬁgpoﬂc‘!lé?’ ggcépﬁleuﬁ%nce over
time. A 869&%@% ' iBRBY b8 eSthitdVeH tHesiesssfahatirtle Wikdowhieen time |
25 slots is det gsﬁtﬁ%g‘f&}}éﬁ?gf@m? ?{Sep 901, for each configuration of

i ndex csvathyeagldts ontoalt o t he total nunber of configurations Nc, which is
at nost equal to the nunmber n of time slots in a window. For a given tine
slot of index s, the corresponding value of the sequence MN(s) is taken
equal to the m Rigikeng ingstratbs am examgetdiallpcatiorid of ¢ordiguestionts tbreéachs| ot i n
all the previously 30 generated configurations. _1 econd step

3 ' a S
902, a seqolustes GUMgrodpsef fosimdiaseny @usigrbér. 72y &Bued @%qua frgt t he
nunber of 1J [ [Py AiaV, ey =¥ idriddepe s, the
corres pond%@%‘/@%ﬁ%ﬁg{ l”f%gﬁégﬁéﬁggeggﬁ?gﬁ@h@g (lajﬂa:aoa{lfglg ét:%ldt he sum of
t he priorithe tindtered1.0Thé¢ lsesosd abnfiguratibh is lassignedi toubkycidstge ke dthed

W th Che alftroponfispationss GSRDRY 7i1Ee Gufmph R 116 irboRTRIAaLR

consi sts i Bs4330¢ 13 tHe BILRRGTCR! T, teachiigteP pYsedses the GiigHkst @ribrify W th a
time slot. Fn a test step 903 the priority indices are separated into two
groups. on a quarter of the slots of the time window, i.e. two slots in total.

15 The method, according to the invention, implemented to generate, in

an automatic manner, the set of possible configurations is now described.
This method is executed by each cluster-leader node (cluster-head).

Figure 9 shows diagrammatically, in the form of a flowchart, the steps

of implementing the generation of the set of configurations according to the
20 invention.

The first configuration 900 is defined arbitrarily, for example its priority
indices are assigned to the time slots in their ihcreas;ing order of appearance
over time.

A sequence MIN, which comprises n values associated with the n time

25 slots is determined, in a first step 901, for each configuration of index c
varying from 2 to the total number of configurations N, which is at most equal
to the number n of time slots in a window. For a given time slot of index s, the
corresponding value of the sequence MIN(s) is taken equal to the minimum
index from among the priority indices of this slot in all the previously

30 generated configurations.



10 Accordingly, the current priority index p is conpared with the ratio
n/fc. Lf pis less than n/c then the priority associated wth this index is
called a compul sory priority, in the converse case it is called an optional
priority. The ratio n/c corresponds to the m ni rum nunber of slots for

whi ch each cluster of a group of adjacgnt clusters nust have the highest
priority, - this being with 15 the objective of elimnating the inter-cluster
interference. In a variant enbodi mrent of the invention, the cluster-|eader
node can prohi bjt t I ' m an
opti onal prlorl nas%%g ggég]uggfoén?gql? e{]gumcg‘lsgt%séga@ps@%li .ﬂjrﬁmg?{]éf;

conpul sor yv@lu'egrn eyusihiocthegmanbet eeamaot@tualdmm Bedr acgnvérstmm
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has not al LeagYy dowfgtunﬁdogf@%"pﬁmghm RTBHLRE! o FArOBh e ! g@lo‘ﬁrs?“ ous

configurati onpu sory priority o In

assi gned t gehbmeated nenﬂagjwbtmﬁm ndex s for which the sequence M Nc det erm ned
25 in step 901 hi bi samaxmu val.u | f _seve t with this
condi ti on, then% apation Sf Ipde >6P.'?§“%’Paftﬁ88§{' q%"'tﬁ ti\e (gg’ftys&eqshe one
for which bps t\’SaéO@ The eRertionencs cadifgurdtion EENdiSHNTh éé‘soléldtlﬁgté‘ébh ndex of
an optional priority, 1t nust be assigned to a tine slot which has not

al ready bepgbiitydadéx pvaryieg §rame Ogeirot With @ ime glefevi ous 30 configuration. In

a step 905, the opt Q h sl ot
of index s for vﬂu C FﬁLeppé%éh‘%ﬁ”@Ul&)w’g’i‘%%esfﬁ% Sgﬁéjﬁwﬂﬂz’gﬁ? &fgfbgghl bits
a maxi mem wakoRindly, heveirtdnt Privvisy meleR|p isvedripadeidswitiotiek tatwnn/ct emig he
optional priority of i ndex R is assigned to the one for which the val ue of

the sequenigssmthdre /s thefax ﬂuﬁf'oﬁ%@és@ﬁéteé’héh"ih dhist frde¥et’s ofaligss 4 bl e
configurat| 8%u%§ydg>ﬁgn W%@E&%er&% da§ ']Pf%%l%&ya& BBf?erﬁé?g)r?)tr@f‘r'ltHéml ar

confi gurat| on uster SO as Pil'ow 71 to organi z
comuni cat ratits nighcdreespamdsitaithe mlhenunnsrkumbelcof slots fomswhich leach sluster

nei ghbouring clusters. An e rrent i'nvention which relateg to the
o oont o7 S1TONR of AWAT B LSBT STNSIdTave e ERaTY B g b Snd yih

. confi gurAat g eBR & hkfifating MAY ﬂﬁéﬁém%@ m\ﬁéﬁr&e%edqnarat ivagiaht om t he

scope of the in ent| on, the nethod described al so ap(gl es to an ad-hoc
networ k whieotbddimeot aft thectioventiam thee dusten-leader usads scant mifombﬁf theur at i ons

accosses + RRMUBGATILEN RE ¢ENh SRt beb8uTREReNCER SPhihet o Rorad "

use only the time slots associated with a compulsory priority WhICh
guarantees the total absence of collisions between communications of
20 several adjacent clusters. _
If p is the index of a compulsory priority, it must be assigned to a time
slot which has not already benefited from another compulsory priority in a
previous configuration. In a step 904, the compulsory priority of index p is
assigned to the time slot of index s for which the sequence MIN. determined
25 in step 901 exhibits a maximum value. If several slots comply with this
condition, then the compulsory priority of index p is assigned to the one for
which the value of the sequence SUM. is a maximum. '
If p is the index of an optional priority, it must be assigned to a time
slot which has not already benefited from the same priority in a previous
30 configuration. In a step 905, the optional priority of index p is assigned to the

time slot of index s for which the sequence SUM; determined in step 902



15 priorities defined in the configuration which is allotted to it. This
typi cal case applies notably to networks of small size, conprising a snal
nunber of nodes and which do not require a particular hierarchization. It
a[so applies to networks of l|arger size not organized into clusters. The

i nvention also applies, in a simlar menhner, to a cellular network in which
several nobile 20 nodes are structured as cells around a fixed base
station. The configurations are allotted to the base stations which play a

simiar 1oLy Lithuifiun DEE! HeSbrdTSiAs LERRA witR s cBARILTRAL frdsh decor di ng

I
to the inv ron, 1h afirst particular I s now described for

t he parti coptionayrioptyeobindexneisvassigoed doitae dnenfiop vdlicks the yaluenef ther mat i on
of the clusters can be perforned with the aid of known processes terned
clusteri z a8 @HENoEMINGIg BMEX¥HEMpr ocess based on the "Low | d" al gorithm
which allots the cluster-head function to the nodes of t he network
exhibiting the snmallest identifiers. The formation of the 30 clusters may
be donesas a fufciceothefchaat iafuthe ogasl ofji pegsiaacanfigurptions hag peen

particular, a cluster may be defined by..t | 2 | wirber of
15 hops beE%%rﬁt‘?(ﬁét 'él'l?é%é?‘@w QC?"QEER Clﬂéﬁg%&igqggﬁ?%g) %?%@‘éjrg{ecg:%el se by
the type ohsrgl Moader ReGARELS itsWeomimiidtionsAwhiié avtinivaiking die biskoofy t o
several clusters, the conmunication between these cl uste{js al wa

travelli ngCTilllisigughNiﬂﬁ ity neighbeugagyclusters| A8t embogiyeMeotdhe de}ﬁgﬁ*sti?fsuch a
way as to all | d_i i '

Communi cat moiet BReRdbifl HpRaftetbn e R Rk o e R & o
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network which is not structured in the form of clusters, the configurations
being in this case allotted directly to each node of the network which
accesses the communicatibn temporal resources as a function of the

15 priorities defined in the configuration which is allotted to it. This typical case
applies notably to networks of small size, comprising a small number of
nodes and which do not require a particular hierarchization. It also applies to
networks of larger size not organized into clusters. The invention also
applies, in a similar manner, to a cellular network in which several mobile

20 nodes are structured as cells around a fixed base station. The configurations
are allotted to the base stations which play a similar role to that of the cluster-

head leader node.

The method according to the invention, in a first particular

25 embodiment, is now described for ‘the particular example of a network
organized into clusters. The formation of the clusters can be performed with

the aid of known processes termed clusterization, for example the process
based on the "Low_Id" algorithm which allots the cluster-head function to the
nodes of the network exhibiting the smallest identifiers. The formation of the

30 clusters may be done as a function of various topological characteristics. In

particular, a cluster may be defined by the distance in terms of number of



10For this purpose, each node of the network stores at |east the follow ng
information: its unique identifier wwthin the network which is allotted to
it fromthe outset of the formation of the network, the identifier of the
cluster-head node of the cluster to which it belongs, the state of this
node, namely whether it is a cluster-H&éad node, a relay node or a sinple
menber 15 node. Each node al so stores the configuration in which the
cl-uster to which it belongs is situated, the nunber of clusters in the

| 3 nE ! . | e
net wor tﬁf%%%ﬁg?gaﬁgeérl@?}-hééd%fndcthé%éhse%%ﬁﬁgrmuéter bt 8isé bgsﬂn@r ic
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broadcasts in the network, at a 20 given time interval n:l.0f ion
message, | HUBISEStBE FPFIMUNIERUXN P?E"’%‘%ﬂg‘eﬁﬁﬁgﬁt?rs\/\ﬂ}’v@%s&?ﬁﬁ“'bge@%%%abl y the
fol I owi ng &erOEWng' thBeciudrnt ithbgrbeofdefiRed ahusict aheag aode alf ibgi nat i ng
t he nmessage, the con P,guratl on chosen by this cluster-head node and the
nunber ef mupsallyrdisieirdeancip thiscass thyyiitrarplistaiiemmunisation s gifectedeat ed by

he cl head i s 25 broad | - k whi ch
are di rect Py MRERT o S iohed ST Shel BedhmbRERREE B REY ¢ ooure

the fol | owgeters @RE-wHiEh thgy 08t eie/eclaynddes furetishnpl e nember node, the
nmessage i s destroyed. If the receiver node is \amrel % node, thg. nessage is
broadcast to al Eachelugtgebeapinadeapreqytes@ diptinutad Method, agrprdings 19 e

recei ver ngde | C a2 il ' tes the list of
clusters mﬁlec'ﬁ"é?@mah]%ﬁ”g{% B?%‘QP{&Q&%I%@F%@@J@{%{%“ ons that they use and
choosesjpa conf i For ahisopurfosen eacmognddeosd thes ngbmerkatstatedyat heastetheod

according to the invention, which has not ready been chosen b n

adj acent cfallewing Iréawt&mgwmﬂ%%ﬁ%@srm N g NRNRIK é@ﬁ%‘ b al%(%tged

confi guratior | fsrRtion! 48 1R hetwbrkC fRESEENtifledT ofe DI €,

t he i medi gfré]ﬁs];/rsﬁﬁal gg‘?lseét?ﬁhg% IS t(glosay whi cﬁ hars not yet Ibeen 5 assigned

to a cl ust elstardidddynode iobrihefclugier thahich itrbalorgsidbe stafenef tisiepdef t he

rows of the chart. .. TIh istributed method i L: | to
all ot a cofPM§¥ Wg??rt'ﬁ'seaaiusg?ﬁé?% n ﬁghaargpaglegégﬁgg% %@rpgé)?fz 'ﬁ\bgr is
nmerely an @X8EPESEN ndeidiRY SiRes Bid 6onfRjurdiich imwhithi the.cluStgr toewhioth, it

al gorithm or process nmaking it possible to allot a configuration to, each

cl uster i nbelorigsasveipatethithe minbereef dusterade the aetwerks Ahe NeEMe'@dt i on as

f th ' | i s. _ . .
oxecut ed ad7e BSGt G tefi. HAEERE o7ing SRR AR, conitis Holitp e iBeriinar
exchangi ng opfhd aifisteriea8modenamd thestarifigutatibrlsl essimadjacémtckestar.t he nodes

and the clusters of the network in such a as to coqrdinate th
allotting of th&Eashnelusier-herd o areaies a&%ﬁﬁaﬁaﬁﬁ@géﬁﬁwﬁk’ t3 nal

Fesourcqy fg‘i)vrene%}é ﬁltéﬁgf?ran information message, in the form of a specific data
packet, which comprises notably the following information: the identifier of the
cluster-head node originating the message, the configuration chosen by this
cluster-head node and the number of hops traversed by the message.

The information message created by the cluster-head node is
25 broadcast to all the nodes of the network which are directly within its range.
On receipt of the message, the nodes execute the following steps. If the
receiver node is a simple member node, the message is destroyed. If the
receiver node is a relay node, the message is broadcast to all the nodes
which are directly within its range. If the receiver node is a cluster-head node

30 then it updates the list of clusters which are adjacent to it with the |

configurations that they use and chooses a configuration, from among those



A second enbodi nent of the invention for the assignnment of the 20
configurations generated according to the process described in support of
Figure 9 to the clusters of the netivork in such a way as to further

i ncrease the use of the tenporal resources while limting the collisions
bet ween adj acent clusters is now descriged. 25Fi gure 10 shows
diagrammatically, in its right part, another exenplary nmeshed network

t opol ogy organi zed into clusters. The clusters O, C2 and 03 forma first

group of éH@a't ?Jtﬁﬁefﬂét Iduééd?fr&m Tgeng! |h9&® dnoqul%h HaR ﬁé’t”élféﬁ!fyat I ons

to these t ree c ers 1's one N URe manner described | n support “of
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col | i si ons¢f o LR IR &@hbﬁ%@f(thtah% &J §5) fhichGPadiAgt fet bddn

suffices t at t cl uster as a greater allocation priority than the
cl ust er 503assighed fto tehelustem) sonﬂigurbboworﬁdbwchadwm thee desegndjng ardemof

al | ocat ed %o C3 |sf% rcg‘ %%/ allotted on the basis of the adjacency with C
and 2. C3NFEOWS A8 XGRF i guration of index c = 3 in the initially
generated chart 500. The cluster C4 having only a single neighbour, the
first configuration available in the chart 500 is that of index c =

(first row of tHhbectistribyted\sigthednalkiag dt ppﬁ$'§|€b¥91ﬁ”@h?aﬁqrﬁ'ﬂumi@ Hbt
guarant ee gy SHStF” ofdy L0t abloptied HarBRbb,d BB I SSloriibRy | LY.

wth respe POET ef on Yot S, but o th| rd,
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particul ar enmbodi nent of the inyention, a si ngl e confi ur i on a% S

i sbaCa sistets onty

generat ed Pepsiblecto allala configuiplierrte eachsgdster insgueh é‘ a8
T
conceivable. Such a method must be executed at least by each cluster-head
node and must be based on the exchanging of information, in a distributed
15 manner, between the nodes and the clusters of the network in such a way as
to coordinate the allotting of the configurations and thus allow an allocation of

optimal resources for each cluster.

A second embodiment of the invention for the assignment of the

20 configurations generated according to the process described in support of
Figure 9 to the clusters of the network in such a way as to further increase

the use of the temporal resources ‘while limiting the collisions between

adjacent clusters is now described.

25 Figure 10 shows diagrammatically, in its right part, another exerhplary
meshed network topology organized into clusters. The clusters C1, C2 and
C3 form a first group of mutually adjacent ciusters. The allocation of the
configurations to these three clusters is done in the manner described in
support of Figure 7. A fourth cluster C4 is formed when two nodes C4-1 and
30 C4-2 enter the network. The cluster C4 is solely adjacent to the cluster C3.

To utilize the communication resources to the maximum without engendering



15 clusters is defined by the set of clusters {Cl,C2,C3} and a second group
& is.defined by the set of clusters {C3,C4}. The group O uses the chart
500 generated with the arbitrarily chosen initial configuration
{0,1,2,3,4,5,6,7,8,9}. The group & uses a chart 510 generated with the aid
of the same process described in suppot? of Figure 9 but initialized with
the configuration already 20 allocated to C3. The configuration allocated
to C4 is the first one available in the chart. 510 which is assigned to its

ro & o A r r f on of
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whi ch the ust er th it.3 resent ust er
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Fi gure 10. cha® 500 is thairbe"ﬁ‘dexsé&" 1 ifie rowdsisthef cleath Nowy sheruseust this
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practice t OwW nunber’ of e con

gener atgd) thard] in becordanteé Wittr thefprobesgusedtoodersatptecthet chdriSd@r s t o whi ch
t hey bel ong. Each cl uster-head node thuys stores the Ilst of confi ratlons

that are chosenl!hy? PREIUIFseaRodiReRh of the dayvartion. 2 Single penfigya
forms part cﬂénSf% %%ﬁbg{é&“fb? géc ﬁ@e,%aﬁnbf h%dgé&&{tscm%@rsewml % bP@ur?' ust er

C3 in the exanple lgure 1 chooses its configuration as a
function obomlsesrdnlgtdlﬁatemnwhwhl areshdjaednbio aliethef othke clyrstenssof this

exarrplethe ou by takin the mredi at el y_.ayai |l abl a,configuration in
this tableS ﬁ'te E‘?&"l‘ hﬁ?e t%f @Wﬁeﬂﬁrt Ae rsgrQSBH Porlal 2d At

clusters ChetdsqsRcibed bylihe XJTRIBtEs {619@2@:3}0:,md aeseré@ﬁalgwugtc;pn t hat
it has chosen with a confl guration index equal 1. The other clusters of

15 the groipdeinetbbyytbe sed\af rjustiss €53.&idy. bﬁfgrgupéﬂ @lﬁestth% chert PQr at i on
of the cl u%%ﬁﬁra{q%j 'vﬁté'l t’ﬂ%eﬁ'glt}:%e&t:hé%eﬁ{ﬁalQ:Iohﬂﬁl?rta‘.flﬂn {B 1t§% 5%"?8 and

t hus bears roup, nodes’ aV|n

function offheegraviph@L wees 4 vhat@1acgerieratedsivith thé raad ofrtie tsbmesmeceﬁzr, c
i nformati on- nessage or rressa% s to the adjacent 20 clusters as a function
i

of the i defeseiitad b swepREPS Righre P Rubindigized i) ieefenfiquiatian aIreAgy uded i n
these r‘ﬁﬁs%ﬂS§atFﬁ)’l rcegenné ceﬁfjggfri;af.aﬁ g thQ Mo TEF RABS: firdt &,hélaws.'iam@w node

perforns the g operati e sald nessage contains
conf i gur at ithoen chacteﬁ10 WhICh is assigned to its group G2 of adjacent clusters. It is

therefore the second configuration of the chart 510. Thus, the cluster C4
does indeed benefit from the highest priority, with respect to the cluster C3,
on half the slots of the window and not only on a third.

25 The generation of a configuration chart specific to each group of
adjacent clusters requires the implementation of the following exchanges of
information within the network. In addition to knowing the identifier of its
cluster, each cluster-head node must know the identifier of that group or
those groups of adjacent clusters G1, G2 to which the cluster that it

30 represents belongs. One and the same cluster can belong to several

adjacent clusters as illustrated in the example of Figure 10.



equal to 1 and the configuration itself, the cluster-head node executes the
25 net.hod for generating a new configuration table, described in support of
Figure 9, by initializing the method with the configuration contained in
the nmessage. The cluster-head node thereafter chooses the configuration

i ndex imredi ately available in the ord@®& of the configurations of this new
table. This index is optionally updated if in parallel another cluster of

t he same group has 30 already preempted the sane configuration. If

conver sely he figssang LA B5dRsCOR SAH AlaBr |ASK drkhaheale, tam 1,

then the cluster- node 1 uses e configuration table in nenory,
updat es t hexdrhple by wine of spleciicr mforomatidrh atessages besith iheedthey dluster-

i ghbours, within th , : ' conf i i
ovai | abl e hed PSS HIe B PodCUR S AT R RAONER Top PR
i nvent i Onhtthteh@oo gp&%rpifdeﬁh}ﬁé’rc%{t ﬂgey?‘hﬁ%‘fchl%éﬁ"(ih%flabﬁcefeﬁ'@h'idé'nﬁﬁélers may be

carried o acc I ng to one or e other alternately of the enbodi nents
descri bed theplomedumbet bé treecomfigunatiers chart geseratedpard dhe idendfiai agtheo any

ot her variant nqt described explicitl Lch ' ' | | ocat e
to each cI%’?L“Qr&t a?ﬁ’ﬁﬁ_@'@?erﬁﬁgd’yr?'?g}}NW\AQ%I%T@”E%%@L St#%§%c}s%§%% g’cu%nt
clusters, g@ras Miedet of FoRAGuraiBRSthhP afé chbses by the cludtersomhichsare
definitive configuration is allotted to a cluster, the cl uster-he?d node

can or gani adjateet talit. df 2 chigtesfforme pedsefrayesal\@rewrsot adiaceniglesterss for
function of RGPS 4eld B8 dBnidls SOPIGURI RS, BN BHRRReS sl he
10 configuration as a function of the configuration table shared by one of the
groups, for example the group G1, by taking the immediately available
configuration in this table. It thereafter transmits to the other group of
adjacent clusters, the group G2 in the example of Figure 10, the configuration
that it has chosen with a configuration index equal to 1. The other clusters of
15 the group G2 not yet having chosen any configuration, the configuration of-
the cluster C3 is indeed the first one allocated in the group G2 and thus
bears, in this group, index number 1.

The nodes having the function of relay between two adjacent clusters

transmit the specific information message or messages to the adjacent
20 clusters as a function of the identifier of membership in a group of adjacent
clusters included in these messages.

On receipt of an information message, a cluster-head node performs
the following operations. If the said message contains a configuration index
equal to 1 and the configuration itself, the cluster-head node executes the

25 method for generating a new configuration table, described in support of
Figure 9, by initializing the method with the configuration contained in the
message. The cluster-head node thereafter chooses the configuration index
immediately available in the order of the configurations of this new table. This
index is optionally updated if in parallel another cluster of the same group has

30 already preempted the same configuration. If conversely the message

contains a configuration index different from 1, then the cluster-head node



15 conmuni cation mediumis effected, as indicated previously, by a TDVA
process. The time slots on which the nodes are or are not authorized to
communi cate are included in a tinme window called a TDVA wi ndow. A TDVA

wi ndow i s typically conposed of four distinct parts such as is represented
in Figure 11. In the first part Ti, a ftgnal allow ng the synchronization
of all t'he 20 nenbers of the cluster with its cluster-head is dispatched.
The second part T2 serves for the cal culation of the scheduling of the
requests s eVl . RS i ay

whi ch sl ot ggévﬁ P{e %%ﬁ@é%t'%téeﬂgﬁ ter n%s ﬁéppd%%%ttﬁéqtéhlsf Q%‘gﬁﬁd%?ﬁ@ri
menber s of tHatdavkeusderr uskd patitshneaigeboursewithingihessame grawp.rand ochedgas
requirenents in ter of resoLirces. Finally, the last 25 part T4 is
conposed ot MXEGO 9@'{%‘9§%@?€W%|ﬂ|1'52§}9|8a| ly be used by the terminals to
transmt their data in accordance with the scheduling performed previously
by the cluster-head. 20 which relates to the slots used for data

transmi $si on. THéthoafdeparting dreamwiie sgope ofnther iyention pthemethodoobe

lied with h | ot s, Th hod . dj
vent o' PLOGSIBGLT GOMHaleR 5688 ShSIFTd AL Dror g POLARTENG thae | o
organi zed pptige SkhTt Sitsmately entie RptOIMeAY dgsdrirdchpsierr tderdséuott i on.

More precisely, it may be inplenented by the MAC and/ or network I_ai;grs of
t he prot ocobdes afthecretworkar Bocerding tocriy, other ¥arddt describgd explictani an,

V.; Ramakrjshpa K X a -aank I ; i nk
and t ranspgﬁ&b&&kgégf Eolg‘%‘b?é?{be% er e%(’:[g-eparcgﬁggt\n%lr' gﬁ%b@ﬁ?ﬁﬂlp@w%ﬁ%nt s,"
Conmuni 1pat reBpedy & teradpiceniNelusians ken aprediteknimednuniPEaN, GRIBISETS 2009.
First International, vol., no., pp.1l-10, 5-10 Jan. 2009 [ 2] Luci an Popa
and Afshin Rostam zadeh and Richard M Karp and Christos 15 Papadi mtriou,
bal ancing traffi.c |l oad in

w.rel ess networ ks w,th rvebal | goutin I n:
Proc.  AGH NOBI HO8, So30uRe S definfespraaauiangs SUetvd e Sifercli i
Rousseau, hAghtrfcdentBrfiMize e hlotlifg ob @heFsdoiticdivithinntle digtef g d N
Wrel ess Mesh Networks”.” In Proc. of 3rd | EEE International Wrkshop on

Enabl i ng Téwictiool efi the apripritiesndiefined 2o fibe \Nonﬁs;@r@éiomesﬁccg@tsm@ kth®y (Mesh
G ust erBactl TR B SR Th SRR ot o B o BN, TN -
Fut ure | nf prdeissOMhEeeimeokioty onFwhiohe thie pblies 24é0obale Inot exutiadrizedato
Confer encecgpﬁm&/rgjilcéfe Qr%'ihclagéc:}-ir?é ti2rr:1Lé %v:i)’ndl\éavg cgl(ljeldoé TDMA window. A TDMA
window is typically composed of four distinct parts such as is represented in
Figure 11. In the first part T1, a signal allowing the synchronization of all the
20 members of the cluster with its cluster-head is dispatched. The second part
T2 serves for the calculation of the scheduling of the requests sent previously
by the members of the cluster, that is to say which slots will be used by each
terminal. In the third part T3, the members of the cluster dispatch their new
requests relating to their requirements in terms of resources. Finally, the last
25 part T4 is composed of the time slots which will actually be used by the
terminals to transmit their data in accordance with the scheduling performed

previously by the cluster-head.

Each cluster employs this type of window. The configurations

generated according to the invention apply to the last part of the window



25 21 CLAIMS 1. Method for allocating comunications resources in a nobile
neshed 5 network conprising a plurality of nodes comrunicating with one
anot her by way of radio |links, said comuni cations resources consisting of
at | east one tinme w ndow conprising at least a plurality of time slots
during which said nodes are or are not20aut hori zed to comuni cate, said
meshed network being structured as a plurality of clusters (G ) each
conprising at 10l east one node, said nethod being characterized in that it

compri ses ghichedpdted 6 thok|diiuged oeasta ParshissproThaensiiguratibns wilar t
(500) of configurations each conprising a different allocation priority

i ndex for gisetantonter of ptiority te dleccampliedwvithiemongdhgse stees varying from 0
ton-1, n being a strictly positive integer 15equal to . the &unb r of tine

"slots, o a steplbe raetiogracrgraingdarthguipxentinn is FuasuRd Yy eAe §ORErdt ed set
f fi t t Iy , bt &4H | iti ,
of cont| guﬁgdhgﬂ?%lér %N'éﬁlg& Ghast ey'|§‘ o?‘{;'&rﬂzé‘d & thdters; gbg EA&H InbdRosi tive

predet er m priori I ndrces are not assigned to the sane
slots fer hédnglthstotustemhesad fametiomutMare! yreatieht énmay 2ok inaplennted by
allocating the tinme slots tﬁ t he iggttra cl uster om‘run'&%c)cﬂgi ons, in _the order

of the pri te MASsangor Relyerk dayers of e PERcql SlAGk eiSaiehOu S8F N9E% o sai d

cluster. 2. Method for allocating resources according to one of the
precedi ng clai ns, 25characterized in that the generation of the
confi gur at Referenges (500) is carried out at least with the aid of the
followi ng ﬁ% %%%:ramanian, V.: Ramakrishnan, K.K.; Kalyanaraman, S., "Experimental
10 study of link and transport protocols in interference-prone wireless LAN
environments," Communication Systems and Net-works and Workshops,
2009. COMSNETS 2009. First International, vol., no., pp.1-10, 5-10 Jan.
2009
[2] Lucian Popa and Afshin Rostamizadeh and Richard M. Karp and Christos
15 Papadimitriou, balancing traffic load in wireless networks with curveball
routing, In: Proc. ACM MOBIHOC, 2007
[3] Raffaele Bruno, Vania Conan, Stéphane Rousseau, "A load dependent
metric for balancing Inter-net traffic in Wireless Mesh Networks". In Proc. of
3rd IEEE International Workshop on Enabling Tech-nologies and Standards
20 for Wireless Mesh Networking (Mesh Tech), Macau, October 2009. '
[4] Pandey, A.; Jae Sung Lim, "CTB-MAC: Cluster-Based TDMA Broadcast
MAC Protocol for Mobile Ad-Hoc Network," Future Information Technology
(FutureTech), 2010 5th International Conference on, vol., no., pp.1-6, 21-23

May 2010.
25



o a step (900) of initializing the priority indices of the first

- configuration to given val ues, o for each configuration of index c
varying from2 to the total nunber of 30configurations Np, 22 a step
(901) of generating a sequence MN c conprising n values associated with
the n tine slots, the value MNDX(s) of2ithe sequence M Nc associated with a
slot of index s in the tinme windowis taken equal to the m ninmumindex from
anong the 5Spriority indices of the said slot of index s in all the
previously generated configurations, a step (902) of generating a sequence
SUMc, conprising n values associated wwth the n tine slots, the val ue
SUMS(s) of the sequence SUM c associCAAIMSvith a slot of index s in the tine
10 wi ndow is taken equal to the sumof the priority indices of the said
slot of index s for all the previously generated configurations, a step

(903) of S’F.pft\hé’thbagfofr hgIdRatiRg | domimmicetidnb etesparasnit eesalfilec arguhlesior y
priority and indices of optional priority, the 15 indices of conpulsory
priority bei mptwork camprisingld pluralityef medes maremunicating avithhane éhodferopt i onal

riority bein reater t.h h ] : ; [Pe gl
Dol Sy ool Elad TR Sl Hie e A bofbpfas s, 1
sequence M Ngegsthird timeaw@dowreaptisingadtueasti & phealityadf tihetsiotsahysing wi t h

this condition, then the compul sory priority of index,p.is assigned to the

Slot for whi othichsascuersrcareRRMEeH atberzec GmMmLpitale, said MIiEd o0s) of
arening. LOARbUPOBERRIY b yUFSI R AR, OrEesh gl = o
conply 40i t h tibast crendibtiepsaidt methdchbeingt charattepizedrin tthabit domprices als
assigned to tlgaeststlwgtfol]lco%n\émsitcgpg:t he sequence M Nc exhi bits a nmaxi num val ue.

o a step of generating a chart (500) of configurations each comprising a
different allocation priority index for each time slot of said time window,
said indices varying from 0 to n-1, n being a strictly positive integer

15 equal to the number of time slots,

o a step of assigning a configuration, from among the generated set of
configurations, to each cluster in such a way that a, strictly positive,
predetermined number N, of priority indices are not assigned to the
same slots for the clusters which are mutually adjacent,

20 o a step of allocating the time slots to the intra cluster communications
in the order of the priofities which are defined in the configuration

assigned to said cluster.

2. Method for allocating resources according to one of the preceding claims,
25 characterized in that the generation of the configuration chart (500) is
carried out at least with the aid of the following steps:
o a step (900) of initializing the priority indices of the first configuration to
given values,
o for each configuration of index c varying from 2 to the total number of

30 configurations N,



3. Method for allocating resources according to Claim?2, characterized in
30t hat, the generation of a different chart (500,510) of configurations is
carried out for each group (Gl ,@&) of clusters conprising only nutually
23 adj acent clusters, the initialization step (900) being carried out on
the basis of the configuration allocatzd to a cluster of the said group

al so bel onging to another group or on the basis of an arbitrary
configuration when none of the nmenber clusters of the said group is also a

one of Qaim 2 of 9 HRR BAtrhD SnbRiiEe"E8uERd B EMBSERLA N0, D

one of Claims 2 or 3, _ e er rs assigned the
configuration of m niAlues bsgexated with thendinag slots, the vhiuguMiili(enef thehi ch i s

not al ready 10assigned to another cluster. 5. t hod for allocatj.n

resgur ces accordi ng seAuaneeoMINy@sspeiatas M@t?‘cﬁg/ﬁki%Pgé’Ff%"aét'@rﬁ‘fehmi%n t hat ,
wthin a cluster, the, ' i r QbR }Tg,t,.@ oci at ed
Wth a priority i ndegllrgfr%eai eFaq%ha%&zalgpztg%t @%ﬁmﬁgﬁﬁﬁﬁlﬁgggl d. Gwl\/let hod

for allecating resoupdertyandicediofghtosaideslatf oft indlepre iredil rthecpraviosisly
characterized in that in %h I?c{Juster a node executes the cluster |eader
function, the step o9eR@RRAEPMPWAECTS: e sl ots to the intra cl uster
20communi cations as g §MPC{d0R) & gbhérating! 4 QdduknbadSYNREICBEnmIATIed by
this node. 7. Method forBaH ozati%g_resogrc_es qaccordi ng/Q’to onrg of the
precedi ng cl ai ms, chualaes ersspoidted Withathet hetinge giotss thes yalyei fYML® of

ggg{olr ?g:’ ﬁ;l g?sl Eags'?a heg%qtgeﬁfjf%;@*v‘ﬁé,sg‘g@‘g%%ﬁg%uégte&,iﬁ{j)%)l( gﬁé%geon | Szr ation
i ndex tyg its adj acenyirddwitaken equal to the sum of the priority indices of the
said slot of index s for all the previously generated
configurations, _
= a step (903) of separating the priority indices between indices
of compulsory priority and indices of optional priority, the
15 indices of compulsory priority being strictly smaller than the
ratio n/c, the indices of optional priority being greater than the
ratio n/c, |
= a step (904) of assigning the compulsory priority of index p to
the time slot of index s for which the sequence MIN; exhibits a
20 maximum value, if several slots comply with this condition, then
the compulsory priority of index p is assigned to the slot for
which the sequence SUM; exhibits 2 maximum value,
» a step (905) of assigning the optional priority of index p to the
time slot of index s for which the sequence SUM. exhibits a
25 maximum value, if several slots comply with.this condition, then
A the optional priority of index p is assigned to the slot for which

the sequence MIN, exhibits a maximum value.

3. Method for allocating resources according to Claim 2, characterized in
30 that the generation of a different chart (500,510) of configurations is

carried out for each group (G1,G2) of clusters comprising only mutually



8. Method for allocating resources according to one of the preceding

cl ajms, 30characterized in that the said network is a cellular network and
the cluster-leader node is a base station. 24 9. Method for allocating
resources according to one of the preceding clains, characterized in that
the tinme windowis a TDMA wi ndow. 5 1023 Met hod for allocating resources
according to one of the preceding clains, characterized in that it is

i npl emented by the MAC and/or network |ayers of the protocol stack of each

node. 11. mb;},a&\h%?ﬁ]ﬁ%&le gk iES%ﬁ’E?@&g,gégL%eﬁmggQHe% Baeen( fe 10

communi catin n a nobi -hoc networ ara rized 1n that it
conpri ses nedwsis of tthbl enfiguratiopl alieoated do ta elusterhofl the saidlignoup @lsne of
Clains 1 to 10. 12. Ad-hoc, network conpri sin of nobil e nodes

4 I lit
(G) 15 co '%’éﬁ'ﬂﬂéovﬁﬂqh%rngmé’rﬁ’o%ep,ti‘@htéﬁsg%taoér%”lzjé 'ﬂrﬂ&tmﬁ%&tmf t he

S a; fl mmi’fes ( Gherf ABRE 0% &e FLRPECALSFOBIMHE Sal! SHBuPYS bRIB 2¢r&hBkbRef L O

5 another group.

4. Method for allocating resources according to one of Claims 2 or 3,
characterized in that to each cluster is assigned the configuration of
minimum index c, in the chart of configurations, which is not already

10 assigned to another cluster.

5. Method for allocating resources according to one of the preceding claims,
characterized in that, within a cluster, the communications are prohibited
on the slots associated with a priority index greater than a predetermined

15 threshold. '

6. Method for allocating resources according to one of the preceding claims,
characterized in that in each cluster, a node executes the cluster leader
function, the step of allocating the time slots to the intra cluster

20 communications as a function of their priority index being executed by this

node.

7. Method for allocatihg resources according to one of the preceding claims,
characterized in that the step of assigning the configurations to each

25 cluster is carried out by distributed means comprising at least the
broadcasting, by each cluster, of its configuration index to its adjacent

clusters.

8. Method for allocating resources according to one of the preceding claims,
30 characterized in that the said network is a cellular network and the

cluster-leader node is a base station.
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9. Method for allocating resources according to one of the preceding claims,

characterized in that the time window is a TDMA window.

5 10.Method for allocating resources according to one of the preceding claims,
characterized in that it is implemented by the MAC and/or network layers

of the protocol stack of each node.

11.0nboard communication system embedded in a mobile node (Ci)
10 communicating within a mobile ad-hoc network, characterized in that it
comprises means suitable for implementing the method according to one

of Claims 1 to 10.

12. Ad-hoc network. comprising a plurality of mobile nodes (Ci)
15 communicating with one another, characterized in that each of the said
nodes (Ci) comprises an onboard communication system according to

Claim 11.



