1 Method and device for transmitting information in contention on time slots between transceiver nodes of
an ad hoc network The present invention relates to a method for transmitting information in an ad hoc 5
network comprising at least two transceiver nodes ablé to receive and transmit information and
communicating with each other by sending information in random access time slots organized in frames.
An ad hoc network is a wireless network capable of organizing itself without previously defined
infrastructure. THEYEOR Y YIRS fé’l'é?h"éﬁf’BM@c@%%rB}ﬁ%?’Pﬁﬁl&ﬂ@t?ﬂ“i@‘p%‘sﬁfﬂ%SHBtﬁwéﬁ%‘é’fhe
communications between the differenarestigiies obtles nébtwartk hany eteadekof such a network is both a
terminal node and a relay node. In such a network, one node is considered to be the neighbor of another

when they are close epou h for a communijcation to be |88§sible. Twa nodfes sapaced too f%r apart for a
. . e else tlpventlon relates to a meth or H’G{P'S |tt|ngh|n ormatiqn mcf\n %d ?C
communication to be possible between them but closé enough that each generates destructive

interferenc@s oRerSehe GIRBTLNE AMterrs Mg (FRIGeaver nodgs Al e erai ARE HANSE foRfABERLSINg the WIFi
technology desghrévednitndpaicuimg Wil EiciStan80 Byl dedimy 206 fhdiivhEnStaadarddesskfpignatian technology
Telecommunic%tljgngg%igg%g@tion exchange between systems Local and metropolitan area networks -
Part 11: Wireless LAN Medium Access Control (MAC) and Physical 20 Layer (PHY) Specifications, 2007.
A node of this networkWidhiAGGERREMI iRfEFFRLES LT CBRARY MSdY BIRAP SRS WEBRMrK first
broadcasts a megssagelyaefineflthvdartigtiberiigerede Hohetrtaingeisestsigratings datatindikagny the

identifier fog thep@@ﬁ)ilﬁiWn%%eﬁh@&%m&%@mb@ﬁegﬁ’%Wh@ﬁﬂ@ﬁﬁ%%fqﬁ@ﬁéﬁﬂgﬁsﬁﬁge received at
the same time on a same time slot. If there is no collisign with another essqgﬁ, the node receives 25 a
a

confirmation mené)sggoe ?ngnafﬁgt\r'veoéiéi'\'/sinaﬂﬁg &ang tﬂ%nesaennaasri?lmenﬂs%fllﬂ AAeA 2OHERNs@E must

retransmit the SigABIIAgCeREECERetPebaMMNISIIBAS Fnipelbeie veandnedris &107&itHNG Y, @he duration
of which is calcubaietlinisifignon BEgSEEHPNR. foReXaneelspabeaxpo fanjrireekafbralgatitandn ktbiseperiod is

often eXpresse%&%ié@%&@@n%%ﬁ%ﬁ@%%ﬁﬂ%Pfh%%%gﬁ’ﬁmr%%‘G%E)fr&rc%% gﬁ&fé%&%é&f/ eral tens of

units, or even several 30 hundred. T anism m possible to limit collisions, but leads to long
waiting tinf@s b&8BE" A6 BiGHSTIRGPSES transmission tests if the amounts of time have a duration for
example of approximatelyad ims. netwditke Gm lof theenedension ihi¢o \Witip esbrelomchiasisiefoimreducing

collisions that dg&smehrefidEe ajy sigpificant delpy. pirto kahend. We inveniigpiekigsdpg method of
the aforementhgf?d %e c.har.acterlzde.d in that the rhodes gf the network a{e bLOk n down Into groups
S M

. communications and informaftign exchange between syste ocal an etropolital . .
accordlng toa IS ution rule, ?he nodres or each group on?y ha mgn}?le rng %tO fPans I{ |rr1]format|on In

a predefined sudysat ftfraifes diRsCilit tH/vieegfrduidy Medium Access Control (MAC) and Physical

20 Layer (PHY) Specifications, 2007. A node of this network wishing to transmit information
to a receiving node of that same network first broadcasts a message to all of the
neighboring nodes that comprises signaling data indicating the identifier for the receiving
node. There is a collision at a node when at least two messages are received at the same
time on a same time slot. If there is no collision with another message, the node receives

25 a confirmation message from the receiving node and then sends it the useful data.
Otherwise it must retransmit the signaling data. The retransmission is only done at the
end of a waiting period, the duration of which is calculated using an algorithm, for example
an exponential backoff algorithm. This period is often expressed as a multiple of a certain
amount of time, which can vary from one unit to several tens of units, or even several

30 hundred. This mechanism makes it possible to limit collisions, but leads to long waiting
times between two signaling data transmission tests if the amounts of time have a
duration for example of approximately 5 ms.

The aim of the invention is to propose a mechanism for reducing collisions that
does not require any significant delay.

35 To that end, the invention relates to a method of the aforementioned type,

characterized in that the nodes of the network are broken down into groups according to a



According to other embodiments, the method of the aforementioned type comprises one or more of the
following features, considered alone or according to all 5 technically possible combinations: the
distribution rule of a node in a group takes into accour#t the number of neighbor or interfering transmitting
nodes that the neighboring nodes of the considered node have; each node defines a constraint
(neighborConstraint) for the neighboring nodes, 10and each node transmits the defined constraint
(neighborConstSHBU I RefifhBofiTLhBR/ESI"SHE 8y KB G&iE o HRGRYLB R RN Belongs
according to thedistfilrdisrbsaleidsaaéarsproificabtire gangtraints (neighborConstraint) received from the

neighboring nodes; 1Rc{@H30es dafines iR @rusio mhichethbgomhacarsdngritbHaa digebution rule

as a function of the constraint gnei hbar ons aint rfeceived from the elgrpborin% nodes Iea(ﬂing to the
. comr;?r]gses one or m EP the 10 161 eatures,, considere % &Ol’ cor o a
lowest transmission frequency; the step for defining a constraint (neighborConstrain a node for the

neighboring noRESwfEReS SlaetostBpaBesstimating the number of neighboring and 20 interfering nodes
that transmit for a giventfeameribusecanld SeR fasdestimatipeuhealetalimurabesuat meighlrapnagosr interfering

transmitting nogies, g his iﬁFSHeF%Tﬁzﬁﬁgﬁm{i‘r%tn8dté3§ﬂh£}“{ﬁ1?ﬁ£i8ﬂt§'&iﬂ by Q&rtﬁgeﬁﬁgﬁgré@“smit“”g

nodes, and a fourth step for esta e constraint (neighborConstraint) as a function of the
smoothed total "9%{iA¥Ser of neighboring or interfering nodes and a target minimum probability ( PSeuil )
that 25 the neighbors @htihenndel elefaresrarcemstr&iio (nesd dron@ihsicdiod Hesiores peilgbsig fovdestimating the
number of;geighRgring or interfering nodes that transmit for a given frame is based on measuring the

number of time slots on WhLChZ ncP transmissioH hads Pe%n detected, a single tfransmission h%s been
. - e;’ElC node transmits the ?lne CC"'IStI’thFl %EI% or qontstr II’I§_ é% Ee
received, and more than two transmissions generating a collision have been detected; 30- the step for

estimating the te¢8INRARBEICERRIERMboring or interfering transmitting nodes includes a summation of the
number of neighboring &icintaidedagnasdesdiawing Waios mibechgiessagesdoanehistitieidraines

corresponding %@%ﬁ&bﬂfo‘?i@%it@fé}aﬁ’i@%@@%ﬁﬂﬂ%@oﬂ&%ﬂﬁtﬂ%ﬁ@ﬁ%g9[)691%8 ﬁ&gﬁt‘j@iﬂ nodes;

(neighborConstraint) defined e node andtransmitted to its neighboring nodes; 35- the step for

calculatind¥he total naMBEICSF s hR §OHMER MBI PAIRIFTRtBRT R BleRYGRTRRICIME s a
weighting of thexgaldutatied téttlencomdisxingf(ceigientr S tsurzsn) itkneg \@difrenférmgenbiesndpyedestotal number

of neighboring qgai(g]p@r{g@g@|gmq§t{ms:gg,qq%eﬁgyggpsly calculated for that node;
- the step for defining a constraint (neighborConstraint) by a node for the
neighboring nodes includes a first step for estimating the number of neighboring and
20 interfering nodes that transmit for a given frame, a second step for estimating the total
number of neighboring or interfering transmitting nodes, a third step for smoothing the
total number of neighboring or interfering transmitting nodes, and a fourth step for
establishing the constraint (neighborConstraint) as a function of the smoothed total

number of neighboring or interfering nodes and a target minimum probability ( P ) that

25 the neighbors of the node can transmit information without collisions;

- the step for estimating the number of neighboring or interfering nodes that
transmit for a given frame is based on measuring the number of time slots on which: no
transmission has been detected, a single transmission has been received, and more than
two transmissions generating a collision have been detected,;

30 - the step for estimating the total number of neighboring or interfering transmitting
nodes includes a summation of the number of neighboring or interfering nodes having
transmitted messages in each of the frames corresponding to the set of distribution
groups of the nodes according to the constraint (neighborConstraint) defined by the node
and transmitted to its neighboring nodes;

35 - the step for calculating the total number of neighboring or interfering transmitting

nodes by a node includes a weighting of the calculated total number of current



each node defines the group to which it belongs according to the distribution rule by subjecting itself to a
constraint (ownConstraint) among the constraints of the 5 neighboring nodes (neighborConstraint) and in
which the calculation of a constraint (ownConstraint) specific to a node is only done if at least one of the
following three conditions is met: there are no higher constraints (neighborConstraint) received from a
neighboring node, 10- the neighboring node having defined the constraint (ownConstraint) to which the
considered nod&?85HEERS itselfiRHe N8Pty I%We?%%n%ﬁ%’, Phe'eiRphtiish 8F L IEdERrmined
period of time (TangTidinyeydes pregiohshockdcdiefaresitheigrads to which it belongs according to the

distribution rule by subleglingiselétae SRGHAINC@WRCPBSIAR: ARG tBareanstainty ohihe

15neighboring nodes (neighborConstraint) and in which each node transmits the canstrajn
(ownConstrant o R os BEibelt 1 g0 A RO iing T €t aMonstrain
(neighborCanstraignPes predesifgaaaEcaesEaithed dvifetheicthéeofifdaieto WhichasiEGhboring node
subjects itself (pywhConsttamnt)ssuedithat # haserescaivgditiomithatiegiglbhersigioddiowletawdhe 20
constraint (neig %q%gg%r%i&o that it transmitted and whether the constraint (ownConstraint) to which the
neighboring node subjects itself is below the constraint (neighborConstraint) that it has transmitted, then
the node does not take'N§ts A&BUARIAPRE %@iﬁ“%‘ﬁf?g(’éq’&?&&ﬁ BRRINMkTEHBSGH 88 Cein3R8H Wuring the

current frame; sodede imposing a constraint (neighborConstraint) on its neighbors determines 25

whether ajgame neighb@éingig}%ﬁﬁgwiﬁ%@ﬁémh%i%%ﬁa%m . @%iﬂ?m%i&bﬁ@g the _
constraint (nelghborgon(ftraént%|Bng?sql-d Rrr]] th(t-:- nodet,t a(pd if the nei b(t)rlng node transmits at least twice
during n consecOtive Trames. the hiGde on y T3kEEhE ﬁe%f%voerriﬁanrsloﬁ'g into account a single time to

define its number of neliRfhBEHiRgBrahtcrfedRig s patierohtedT B ibldVRinsmissions between the
nodes lack messages- @agdicasad defihes signpbog ®waidHeeptiengs adeeroniclliséomstimihennevork.

The invention also Lglates [P a.adfog '&85&%@%@%@&&%%% CePeT-BRYRSAPIG Qg ceive and

transmit information and communicating wi ) er by sending information in frames, characterized
in that each? nod& AR RSN BSTHANRIFABRAY e ERHRAE hE USSR 8 SR gonstraint

(ownConstraint) to which it subjects itself (msgConstraint);

- a node having transmitted a constraint (neighborConstraint) to a preceding frame
determines whether the constraint to which a neighboring node subjects itself
(ownConstraint), and that it has received from that neighboring node, is below the

20 constraint (neighborConstraint) that it transmitted and whether the constraint
(ownConstraint) to which the neighboring node subjects itself is below the constraint
(neighborConstraint) that it has transmitted, then the node does not take into account the
estimating elements of its neighborhood calculated during the current frame;

- a node imposing a constraint (neighborConstraint) on its neighbors determines

25 whether a same neighboring node transmits at least twice during n consecutive frames, n
being the constraint (neighborConstraint) imposed on the node, and if the neighboring
node transmits at least twice during n consecutive frames, the node only takes the
neighboring node into account a single time to define its number of neighboring or
interfering transmitting nodes;

30 - the transmissions between the nodes lack messages dedicated to the signaling
to reduce the number of collisions in the network.

The invention also relates to an ad hoc network including a set of transceiver
nodes able to receive and transmit information and communicating with each other by
sending information in frames, characterized in that each node includes means for

35 implementing the method as described above.



4 These features and advantages of the invention will appear upon reading the following description,
provided solely as an example, and done in reference to the appended drawings, in which: figure
1 is a diagrammatic view of an ad hoc network at a givien time moment; 5- figure 2 is a flowchart of the
collision reduction algorithm of the inventive method; figure 3 is a table showing different situations upon
sending of messages on a same fram%g;‘iégures 4,5 and 6 are tables showing examples of message

transmissions in a fraff& 0 I4RjiSs 3% 28VaNAIRT HetdfathaRiiomny!l RRIS T WP XaRAIE Btapplication
of the collision feltthygtiondakyopthm pfdhiddadventlyeanethozkarfigieresntilddid 118, ré#rdsel®, g 18 and 19
are diagrams shguingegxpaIRgLmbpsiments of the algorithm of the inventive method. The network

illustrated in figure 1 isffor g)ialmél(ﬁ an ad hoc network for 15 communication between individuals on a
e

. . - TIQHI S agrammatic view o ad hoc network at a given time moment.. . .
field of operation. In thlsqﬁ'gure, rviceranges oFtha NEGVSTR Ao des 4rE SABWT By &0t lines. This ad

hoc network uses randbHradoe ssiawbaloes the sallisienireAucirRigoTthasd tha & otyametietibuted in
frames with a constant fiyunebeiso4 tisne: SIndwily etk draie dfons eperfremeiiy thenassdgddishnetwork for
example meetsstgﬁe\/fxf%gx mobile standard 802.16m. 20 Each individual is equipped with a transceiver
constituting a node of the network. Each node includes communication means for receiving messages

and transmitting then & AUHE RIRIG AT BRILICHIP S ChiBRES A HREIBIET8 R Smit a

message havingansize compatible with the duration of the time slots. Then, upon each frame, a message

is transmigd during a fifir.s'pts IH8 NI LhiRFLHMSISIAbIRARPRR ERRFBRY Lphkifdineeiot is used for
broadcast transrglission. Thg network shown in fignlég%\gldj_ncludes eleven nodes, numbered from 1 to

11, and shows ?0[5'?'88”%?8!@1“& anE%'rt}sma rt1eer'1r3/ Qtévf °8hd 10. At the node 1, there is a collision

between the messagesfigdigsmitiel byIh&4nded® dnd1s, ardh s «lRgthBfRSRoNIBEIIR@ARRween the

messages trangmisteiiather rrdggodtamdbbhatithenoada&htaere 30is a collision between the messages
transmitted by the ”Ojﬂﬁ %éﬂgﬁ’ ﬂf&gn%\'téqfiﬁ‘ 01 tETefS %(QFJH%"?nb%H"%ﬁQ W&\Daﬁf%ge?'
transmitted by the nodes 4 and 5. Each node can continuously implement the algorithm of figure 2.

That algorithm EOTRHAIRIRRTbYEARPEN Harfe Aeldeided BYRRELLrSIdRRAoHEIghe service

ranges of the network nodes are shown by solid lines. This ad hoc network uses random
access time slots to transmit messages. These time slots are distributed in frames with a
constant number of time slots in each frame from one frame to the next.

This network for example meets the WiMax mobile standard 802.16m.

20 Each individual is equipped with a transceiver constituting a node of the network.
Each node includes communication means for receiving messages and transmitting them
on frames divided into time slots. A time slot makes it possible to transmit a message
having a size compatible with the duration of the time slots. Then, upon each frame, a
message is transmitted during a time slot. The choice of that time slot is done randomly.

25  This time slot is used for broadcast transmission.

The network shown in figure 1 includes eleven nodes, numbered from 1 to 11, and
shows four collision situations at the nodes 1, 3, 8 and 10. At the node 1, there is a
collision between the messages transmitted by the nodes 2 and 4, at the node 3, there is
a collision between the messages transmitted by the nodes 2 and 5, at the node 8, there

30 is a collision between the messages transmitted by the nodes 4 and 5, and at the node
10, there is a collision between the messages transmitted by the nodes 4 and 5.

Each node can continuously implement the algorithm of figure 2. That algorithm is
implemented for each new frame received by the considered node.

Lastly, so as to allow the algorithm to be implemented, in order to reduce the

35 number of collisions, the variables contained in the following two fields are added to each

message sent in a time slot of the message transmitted by the node:



Lastly, so as to allow the algorithm to be implemented, in order to reduce the 35number of collisions, the
variables contained in the following two fields are added to each message sent in a time slot of the
message transmitted by the node: 5 msgConstraint, Wwhich represents a constraint imposed by the
transmitting node at each of its neighboring nodes; and ownConstraint, which represents the constraint
that the transmitting node 5imposes on itself as a function of the constraints imposed on it by the
neighboring nodes. A node subjected to a constraint ownConstraint has the right to transmit all of the
ownConstraint frames, magldomaugntenbiahceptiesesinitiingnsirtdire opesddapyese Tlaesalgorgmudtherefore
ensures the defipition ef theSoRsFANhsReSificto each node, which amounts to distributing the nodes into

groups, each associat_ec\IN \r/]v'tgnsrt%p s,Wchnéx tpe r1eOnrc])t(geﬁq(e)f th% grau t%séiot%iat%d vg;%ri]tt% gi\ﬁi}%grame having
the right to transmit in (hat frame: The'a gorlt‘ﬁom ?ﬁereby redutes the 18ks 6f cSlligion is constraint

ownConstr&int i§'BeIesinise bgscnitRoien effthei EOBFERNE IIROREA & IHy SunRerahReiNgsyTenstraint
imposed by the neighphatidg saslesed s, dachanadaintonkiriini atestiaaigatnebeamhneighaanag or

interfering node ittingein its. nei rhoqd i i e I rr received,
in collision and reee;gﬁg}l%wgtﬁje%ﬂt e col |stlﬁgrr1n graokfgﬁﬂ?ﬁ%ﬁ?%ggm)%mjo% B{HE?Ca cu%itee'sfh téyconstraint

to be imposed GPAEMBIYIBTRGSBRARS B2 YRFELREIA BRI S HEH SBARYC 38-28tbpade iVdifto the
constraints impesedrity its digtighuiopsthe nddeitialigatiors, pérde d88quiated deghttimmerecatigntiof the

algorithm. jguring 4bis Ahase,eaptaksstalda VarieRlgr@reripiialigerly the right to transmit in that
frame. The algorithm thereby reduces the risks of collision.
This constraint ownConstraint is determined by each node for itself as a function of
the constraints msgConstraint imposed by the neighboring nodes.
Thus, each node:
15 - Estimates the number of neighboring or interfering nodes transmitting in its
neighborhood as a function of the number of slots correctly received, in collision and free;
- Calculates the collision probability in its neighborhood;
- Calculates a constraint to be imposed on its neighbors to achieve a threshold
collision probability;
20 - Subjects itself to the constraints imposed by its neighbors.
An initialization phase 10 precedes the execution of the algorithm. During this
phase, certain status variables are initialized:
- neighborConstraint is an integer imposed by the node considered at each of its
neighboring nodes, initialized at the value 1,
25 - nodeToWait is the identifier of the node transmitting the constraint to which the
considered note is subjected, initialized at the "undefined" value,
- frameNumber is the number of the current frame, initialized at zero.
More specifically, the algorithm includes four major phases 20, 22, 24 and 26
illustrated in figure 2 respectively corresponding to an estimate of the number of neighbors
30 and interfering nodes transmitting in a frame during phase 20, a recording of the
constraints sent by the neighbors during a frame, during phase 22, an update, under
certain conditions, of the constraint to be imposed on its neighbors, during phase 24 and
an update, under certain conditions, of the constraint to which the node subjects itself
during a frame in phase 26.
35 The first two phases 20, 22 are carried out upon each new time slot while the last

two phases 24, 26 are done at each frame end.



neighborConstraint is an integer imposed by the node considered at each of its neighboring nodes,
initialized at the value 1, 25- nodeToWait is the identifier of the node transmitting the constraint to which
the considered note is subjected, initialized at the "undefined" value, frameNumber is the number of the
current frame, initialized at zero. More specifically, the algorithm includes four major phases 20, 22,
24 and 26 illustrated in figure 2 respectively corresponding to an estimate of the number of neighbors 30
and interfering nodes T3ttt TS HAntR GRIAA g BHARIES 260 4ABES gAY FnktifiSsent by the
neighbors duringala@densdiarootjsiirase 2B e aongatiadd, naddemnceitarteoelitionspohahiendomstaaint to be

imposed on its ReigtiRersoHtTiBGRRRSEIZAANELBEHRERIF HRIRN S RERIEOREITioRBePbERB RANStraint to

which the node sutﬂ'e(t:ts itsetlf %urin a_fr?m?thn phgzsef‘téaf 35The first two phases 20, 22 are carried out
upon each new neIdTarwhite _r'lne' a\é'ﬂr\]/{_/g %haes_gg % ® 5arré_1edone at each frame end. 6 Phase 20
consists of updating VERESIES toAMAIMRGIEROWUhIBR NIBRfRY ¥lataressoleadallen E6ANSIGI with the

considered node&ngadtiiecoivamiite iafernaiontionmteh g avdt meadgsiedrild erccyasiadias wiksubsequently

allow it to estimate the, '22%8@&9%? W&%&WE&%‘?HJN@ XH%M@&%%S{&QSOE%H&Q‘& SPhase

22 is only carried out If the time slot In pro_%ress IS readable. It consists of recor |n% the constraints sent
by the transmith§MOFE HEGHEEY G FOXBHERERSS HERTe varialpgiupdalpd SHERGPBRIRUBRMAg the total
number of transmitmcerieidesynugigind aistefmaningtente disgiitiorthrele an Siderepbaeti epftoenneadables

updated dyging rféhl?rﬁ%r%% apgd U&Q\%To‘é%éaiﬁdé‘éﬂdéﬁwﬁsﬁﬁ@t%wg thﬁn%%fr”%ﬂ“x%i wﬂsr.m;bgri_mposed on
the nodes 10neigh orlng[the con&de% node, given the estimated number of neighboring or interfering

transmitting no Jegrenn 5%??3/@'8??35”@ consists of an update of the distribution rule to which the

considered node mustailjeBbasRIROT RensiatheChlgorithAfie asdecdistifubioslyus énchisbde@®f the

network. considered node must subject itself.

The same algorithm is used continuously by each node of the network.

15 Here we consider the application of the algorithm of figure 2 for a node of an ad
hoc network.

This algorithm is implemented for each new frame, the reception of which starts in
step 27, during which the variable frameNumber is incremented by 1.

The variables used by the algorithm are first initialized for each new frame during

20  step 28, in the form:

nbReadableSlot = 0, nbCollidedSlot = 0 and nbldleSlot = 0, ownConstraintTemp =
1 and changeConstraint = "false" for the considered node, these variables meeting the
following definitions:

- nbReadableSlot is the number of readable time slots in a frame. A time slot is

25 readable if a message has been received, i.e. if a neighboring node of the considered
node has accurately tried to access the time slot.

- nbCollidedSlot is the number of time slots during a frame in which collisions have
occurred. A time slot is a collision if at least two neighboring or interfering nodes of the
considered node have sent a message on that slot.

30 - nbldleSlot is the number of free time slots in a frame. A time slot is free if no
neighboring or interfering node has sent a message on that slot.

- ownConstraintTemp is the highest constraint received from the neighboring
nodes of the considered node during the frame undergoing reception. A distribution rule
imposes, on the nodes that subject themselves thereto, transmitting only once every q

35 frames, q being called the constraint. ownConstraint is the constraint g to which the



15Here we consider the application of the algorithm of figure 2 for a node of an ad hoc network. This
algorithm is implemented for each new frame, the reception of which starts in step 27, during which the
variable frameNumber is incremented by 1. The variables used by the algorithm are first initialized
for each new frame during 20step 28, in the form: nbReadableSlot = 0, nbCollidedSlot = 0 and
nbldleSlot = 0, ownConstraintTem%‘?:ﬁl and changeConstraint = "false" for the considered node, these

variables meetify'#RRHoNAY GLRsRIBNLSEIn at a, giken (ARt \IHE FiinBEr HiffEliab®ime slots in

a frame. A timewsloCen2Breatalpe ahd message has been received, i.e. if a neighboring node of the

considered node has acgirjabsiEesio BcaessdRadimasiahg the MHAteOHiHRASIOMHS hagmmber of time

slots during a frglrrg]%(i)n V\{Q;gthmcu%ltli ieol?sdglta\ée occurred. A time slot is a collision if at least two neighboring
or interfering nodés 6f e tahsidered node have sent a message on that slot. 30- nbldleSlot is the

number of free time sktgses2ZfrantelratiBRiEM s RGETaaeREYHIRIFGIS! IRESFRETEEPRIYRI as sent a
message on thatson. ownConstraintTemp is the highest constraint received from the neighboring

nodes of the CO”SiderBHaQ%’% %ﬁﬁ?%&? rﬁ@éﬂﬁo%‘f’ﬂ%@i@%&‘é&%ﬂ%ﬁhéﬁ @iﬁ@%mwg@omygse& on the

. i
nodes that subject themselves thereto, transmitting only once every 335 rames, g being called the
=gyl

constraint. own®8rEaRRY F8THEIEE N FSIRTYYBIWHIENEhEaf B SidfPdtf frode subjects itself at a given
moment, which can b# théfsiarns freen tben@ishistraintiFslotps anccementeddherye@ursiragsiepadBoolean

assuming ige vahdeohigodt thRceMIS aiat avNGianaisainb MustReURdRiRfhined during step 34
whether the frame determined in step 27 is finished. If it is not finished, the considered
node must process the information contained in a new time slot detected in step 29. If not,
phase 24 is carried out.

If the slot is not free during the test in step 30, in step 36 it is determined whether

15 the slotis readable.

If the slot is not readable, the variable nbCollidedSlot is incremented by one unit
during step 38 and one goes directly to step 34 at the end of phase 22.

If the slot is readable, the variable nbReadableSlot is incremented by one unit
during step 40 and one then goes on to step 22.

20 Phase 22 is therefore only carried out if the time slot in progress is readable.

This phase starts with a step 42 during which the node compares the received
constraint, represented by the variable msgConstraint, with the variable
ownConstraintTemp, which is the highest constraint received from the neighboring nodes
of the considered node during the frame undergoing reception. The highest constraint

25  between the received constraint msgConstraint and the variable ownConstraintTemp, until
then the highest, is recorded in the variable ownConstraintTemp.

In the following step 44, the identifier of the node transmitting that highest
constraint is recorded in a variable nodeToWaitTemp.

Step 46 consists of verifying whether the node nodeToWait having transmitted

30 during the frames preceding the constraint msgConstraint to which the considered node
subjects itself has retransmitted a lower constraint. If it has not, one goes on to step 34;
otherwise the variable changeConstraint assumes the value “true” during step 48 and one
then goes on to step 34.

Phase 24 starts with a step 50 for calculating the number of neighboring or

35 interfering nodes having transmitted in the frame just received, this number is stored in a

table nbNeighborPerFrame indexed by the number of the modulo current frame



5Phases 20 and 22 are implemented for each new time slot of the frame received in step 29. Phase
20 starts upon reception of the message contained in the new time slot by a first step 30 consisting of
determining whether that time slot is free. If the slot is8ree, the variable nbldleSlot is incremented by one
unit during step 32 10 and one goes directly to the end of phase 22, where it is determined during step
34 whether the frame determined in step 27 is finished. If it is not finished, the considered node must

process the |nfdﬁ%BWBBﬂf&lﬂ%ﬁ*?ﬁe&fﬁév@%PﬁBt%”otﬂ"Séi%t@f?@?ntEf’e'ﬂ% 1 ABISShdSeCM L arried out,
If the slot is nottireeathutatigrthentastas thteeldWyrishgiep 36 it is determined whether 15the slot is readable.

If the slot is not readaligd @ogﬂf@b}gm@Cgﬂmm%{nppeﬂmﬁ@egmthmiL@uringﬁ;tep 38 and one
goes directly to step 3rAhat e?ﬂendtcg%}ase 22. e slot is readable, the var iable nbReadableSlot is

cle Irst set u n |n|t|a ization of the n e
incremented by one unit Cdid uring ste ne el goésontos ep%ﬁ( %"i‘ﬁnase téols? erefore only

carried out ¥ thé%ﬁWé%Wﬁ%@g}@ggh@'fwa%fef'ng TSI A1 NRMARPPHIMAFIPG which the
node comparesrihefrgaeived enesisaifenayeaanied byntheoayiable:nesgétenistiiairicavitpslgyariable

ownConstraintTe B“\mﬁm ?rcgnﬁdm%h&ﬂs&%pgg%%recelved from the neighboring nodes of the

considered node umi?fﬂ rame undergoing reception. The highest constraint 25between the received

constraint msgConstralift ‘SHaMAe SRS tresisashree HNuRETINE ke highest, is recorded in the
variable ownConstraimTigonp.3, an &d tive feltowing stegeds theigiientfies ofitfreneddertrdnsbiting that

highest coptstrajiygis secrisiew Wﬂ@rﬁ@i&%@& @QHPJ @égTﬁaném&ﬁo%rmg@e@w esibdfiganhether the
node nodeToWalt haV|re1 t{ansmltted 30 durln fram recedl teqrfthe co&stﬁméén?%Constramt to

which the consmsere node su Jséné tmﬂsecifjﬁas re raer{sr}ﬁtl?th (ﬁD \9\_7e'P coﬁgﬂ%un ¢ it has Not ohe goes on
to step 34; othefaiedigledindie EHIR) 08 93tr8Mt9asaith8s dHEnganhéchtiR nelRd stepyeBland one
then goes on tastepadmit mesfAgasessdantdvimy it asiepqs feccalebatingtthane/mbes efgheighboring or

35interfering nogles NAY NG EENIMIHG it UGJ'SMG dU; TREGNS Bt S BBDGISSIESE dBBle.
15 An estimate of the number of neighboring or interfering nodes having transmitted in the
frame consists of applying relationship (1). In the example of figure 3, the variables
nbReadableSlot and nbCollidedSlot are equivalent to two. By choosing k=2, the node 8
estimates having six neighbors.
In figure 4, a frame 100 is divided into five time slots 101, 102, 103, 104 and 105.
20  Seven nodes, numbered from 1 to 7, transmit messages in that frame. The ratio between
the number of nodes and the number of time slots is then equal to 1.4. An ideal k is
calculated equal to the number of colliding messages divided by the number of time slots
on which the collisions occur. In figure 4, there are four messages 106, 107, 108 and 109
that collide, these collisions occurring during two time slots 102 and 105. The ideal k
25 assumes the value 2.
In figure 5, a frame 120 is divided into four time slots 121, 122, 123 and 124.
Seven nodes, numbered from 1 to 7, transmit messages in that frame. The ratio between
the number of nodes and the number of time slots is then equal to 1.75. In figure 5, there
are five messages 125, 126, 127, 128 and 129 that collide, these collisions occurring
30  during the two time slots 122 and 124. The ideal k assumes the value of 2.5.
In figure 6, a frame 140 is divided into five time slots 141, 142, 143, 144 and 145.
Ten nodes, numbered from 1 to 10, transmit messages in that frame. The ratio between
the number of nodes and the number of time slots is then equal to 2. In figure 6, there are
five messages 146, 147, 148, 149 and 150 that collide, these collisions occurring during

35 two time slots 142 and 145. The ideal k assumes the value 2.6.



table nbNeighborPerFrame indexed by the number of the modulo current frame 8 neighborConstraint.
Hereafter, to lighten the notations, the index is omitted. To carry out the calculation, one uses the
relationship: nbNeighborPerFrame= nbReadableSlot+k. nbCollidedSlot with k 2(1) The coefficient k is
first set upon initialization of the network as a function of the 5 average number of neighboring or
interfering nodes per node and the number of time slots in a frame. Its value can then be changed

dynamically to better FAHUES e84 SorBiB d)eoPM AR IR NOBRO s BYe REMGERBE MEBRE"|e following
examples illustraigethandhbéceuoiotretived igms trka frafigu tee3yreateadhieodenkefavanikis made up of eight

nodes numbered fronp, g8 4fs Jogd;,qqﬁg8 HStBRSSEO e MRSIRESESENt RYIBOFRSHkLisdreigiaborhood and

seeks to estlmate_%sbnumber of t{@ﬂtﬁmltté?gqenod%%‘ whether ne%hkgor;fnt or i terfetﬂg% A table 90 shows a

.. - nel oring. noae nt tripution rule. e0 value o sframnt .
frame divided intoFouT time siots 8264798 And 98, uring which the’ nodes numbere 56 P ransmit

messages. By ely/eiht) theaAibssagg80XEERE@IBh that frame, node eight detects a collision during time
slots 94 and 98, the twhetissensitits: 32 mBdR4A arenpeadakbigmshitiAg esidy)ateahéhaedgimbaigobmeighboring

or interfering ”9&%&@%&&”& g@%@%ﬁﬁ H&rﬁg@gﬁﬁﬁg{bﬂ%&&aﬁ%& BiEtatipsiim Ll iQe example of

figure 3, the variables nbRe ) Slot are equivalent to two. By choosing k=2, the
node 8 estimat&8"54¢iAY ¥x PRidABGTEdNMyhe 41S10h30HRI1 HEIETIVISP Mt ivdEmBLIdss 101, 102,
103, 104 and 106&igi20rSergrimbdes)enirhperding ahe letiated nsrigihnessdges ieatihadframe The ratio
between thg numhgi;of nodes and the number of time slots is then equal to 1.4. An ideal k is calculated

equal to the number af cqlliding messages div?ed by the number of time slots on which the collisions
occur. In figure 4, _the?ﬁ:oa%gtf&r?(rj ’mc%ggggaegt% 2 1_81/%/ ?L?)%eanecﬁe i'B@et‘?la\l”frﬂcect)l ?(ﬁe't, {rk]lveoi\,ée%cg Fsi%ﬁts occurring
during two timeesiétati@y befare OBeimhealealk SERAGNIES tHaydyeber of |HaRgITEis) afdehe 120 is

divided into founéigm®siats d2intdting2 et diddatdevan Redesomdahe teduksom pbied’ offagasmit
messages in thﬁéiH%ﬁnJ%EgFio between the number of nodes and the number of time slots is then
equal to 1.75. In figure 5; there are five messages 125, 126, 127, 128 and 129 that collide, these
collisions &ecurring 30UHARES A VG YR iBssIts P ity 259 e ngds PRSGe RRCIHERSRIER 2.5, In
figure 6, a framthd 40xsficivieledhintoiverifintedsiotg 41,584 el dB)sidbied mbdel Bhdbsasnaddsniyumbered

from 1 to 10, trangrej neashgesiin thahiamen the reliahsiwvesnfgunieRaaihnedgsiandtbe number of
time slots is theglor(?qual to 2. In fl%%reﬁ th%r_e are five messages, 146 47,I ]hAt')S 49 and 150 that collide,

these collisions océ&?}?ﬁsg dnfffﬂﬁé) E@\'/%f’tir%ve'%rfotgsfﬂg%snd[ 45" e ib edl asghrﬁré%tr e vgﬂﬁje 2.6.
ownConstraint. During step 53, the node determines whether it has the right to transmit by
20  verifying whether it belongs to the group that has that right, the different nodes of the
network being distributed into groups according to a distribution rule. For example, a node
subjected to a constraint ownConstraint has the right to transmit a constraint for its
neighborhood in the following frame if and only if its modulo MAC address ownConstraint
is equal to the number of the modulo following frame ownConstraint, i.e.

25 mod(@ MAC, ownConstraint) = mod( frameNumber, ownConstraint).

If it does not involve the last estimation and the considered node does not have the

right to transmit, one goes directly to the end of phase 24.
If it involves the last estimation, in step 56, one stores in a variable
nbNeighborMeasurement the sum of the numbers of transmitting nodes, neighboring or
30 interfering, estimated in each of the Q frames, i.e. the sum of the nbNeighborPerFrame. In
a following step 58, smoothing of the estimation of the total number of neighboring nodes
nbNeighborEstim is done by weighting the value estimated in the current frame by that

estimated in the preceding one according to the relationship:

35 nbNeighborEstim = a * nbNeighborEstim + (1-a) * nbNeighborMeasurement (2)



9 Figures 4, 5 and 6 show the fact that the higher the ratio between the number of nodes and the

number of time slots in a frame, the greater the ideal factor k. During the beginning of phase 24, the
considered node imposes on the neighboring nodes, 16r the moment, a distribution rule whereof the value
of the constraint 5is stored in a variable neighborConstraint. The estimation of the total number of

transmitting nodes, whether neighboring or interfering, of the considered node, which then makes it
possible to determinetH8"ASANESHIRHRITBA AR Y UA'ETE ALTIRHBEYIRG ot e aBRESH the last Q =
neighborConstramtaiganies, by zdaing dhetlestivalted tieigiolzdnnookls inf gwodhbdhé Ght Gicahves. To
that end, during,agieR 2 %nHif, rﬁ%ﬂﬁﬁ@tfggmmﬁg,vgnm%wetamg%%@ﬁt grlmatian befarg,being able
to estimate the total number of transmitting nodes, neighboring or interfering, and calculates the new
constraint to be0r§1posed on the neighboring nodes. 15If it does not involve the last estimation and if the
node has tf%e right to fraasanittghing eéxthfranseghlwbrietois estifietioduriagestelp H8sline ctinsideired node
chooses randorysinistePRed (o &lek biansmit, in the next frame, the useful information as well as
the constraints msgCanstraint, which assumes the value of neighborConstraint.and gwnConstraint.
During sten 53, e b TD b Al ReL pae e R e R T
belongs to the PAGIMRAEPHESHM PRIFIPEHELNMERENt nodes of the network being distributed into groups
according to a distributienveiile. if ahexampiintansigtdisosDtyettat to beCansisahboweCengisainghas the right
to transmit @ consiraint for it Righhertiepituthadaionied tamasiAed s modulo MAC address
ownConstraint is equal to the number of the modulo following frame ownConstraint, i.e. 25mod( @ MAC,
ownConstra int) = mod( frameNumbe r, ownConstra int). If it does not involve the last estimation and
the considered node diets hetitaventher rigtine sietnsmt frome. et Hdiecbyntartbrr ehtleobplitize 24. If it
involves the lastQaEMAtiaN IRHBPoARIANAISIBESHBRA ratakle melsighbrddeasssemesntdiigysum of the
numbers of trannsérin't ig%;nodes, neighboring or 30 interfering, estimated in each of the Q frames, i.e. the
sum of the nbNe|g£h orPerFrame. In a following step 58, smoothing of the estimation of the total number
of neighbdiing nodes RbiiEigPIoBrstineidelRe By werMbaiSthE VaRiedseindiedAdere elirféht frame by
that estimated inethebpressdiog weelaecoigimgdo thesteladianghip: néssagewvekadtbMaigiborestim is a
variable initializediallig ReqRngQLRETRIBANGS Glde HOGHLRMA 78 BaRPHICHURhR L the totd

number of neighbors in'the ad hoc network is known from the beginning, and a a weighting coefficient, for
example equal By

Hga frame without a collision occurring is written:
—_— N-1
Postiision (S) = (1_ %)

20 A probability Psit s for example set at 0.8, corresponding to the minimum

(3).

probability that the neighbors of the listening node need to make themselves heard by
said listening node.

The maximum number of neighbors and interfering nodes transmitting on a same

frame and able to surround the listening node so as not to exceed Pssit jg given by the

25  relationship:

M=1+ In(pseuil ) 1 (4)
In(l_ nj

In the case where the number of neighboring and interfering nodes, denoted P,
estimated by the listening node is greater than M, then the neighboring nodes must be

30 divided into Q groups transmitting once every Q frames, with:

Q=[P/M |+1 5)

with [ xJ, which represents the integer part of x.



5The smoothing of the neighborhood estimation makes it possible to avoid constraint changes upon each

error. During a same step 58, the node calculates the new constraint neighborConstraint to be
imposed on the neighboring nodes. The valueldf the constraint neighborConstraint to be imposed

on the neighboring 10nodes as a function of the estimated neighborhood is established as follows.

Let

n be the number of time slots in a frame. Let N be the number of transmitting nodes in the neighborhood

at one hop from the liSEYRY' LB EFGLRiREIBRIRGRRENTATIFENEIn the proposed example, the

hypothesis is that all & theatied ¢ cbtisgangighd troadeadf thadidtendingsmaideisegsattaridmit a message to

each frame. The probability that the_Iistfgglg Qode will receive the message from one of its neighbors

during a frame withoul " EHIEERR 888 rring is WritdimBE o PRSP 79 (A5 IS0 KNG BN BRI B uil is for
example set at UAC cutdegysendih@g o eneaminiminansrdizabitity tthabohefiagighiagreof the listewiing node
need to make thgmisaiesshaprsl Ry aidristesingaierier HaenitasdmbmagbarPhReahbrimand

interfering nodensogansmi
exceed PSeuil Is given
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ti n q same frame and able tq,surround the listening, n
es m@é@%%gﬁecigﬁgxgmg ﬁ%nf\ﬁ%l%_'y(sc%]éngqhe nelthbor%oods estlmgtecpgurlng

each of the Q frames.
In the case where the number of neighboring and interfering nodes estimated by

the listening node is below M, then the neighboring nodes can continue to transmit to

each frame. One then sets Q= 1

In figure 7, an ad hoc network is made up of eight nodes numbered 1 to 8. One
node 8 is listening to messages sent by nodes in its neighborhood or by interfering nodes.
In that figure, a frame 160 is divided into four time slots 161, 162, 163 and 164. One sets

k=2 and pg,; =0.70. By applying the formula of equation (4), one obtains M=2.23. The

node 8 not knowing the number of neighboring nodes surrounding it, it imposes the
constraint Q=1 on its neighboring nodes. The latter, being 7, therefore have an
identification probability of 0.18, according to equation (3). One assumes that the
neighboring nodes of the node 8 have transmitted messages as shown in table 160. By
applying the formula of equation (1), knowing that there are two readable time slots, two
colliding time slots and that k=2, the node 8 estimates six neighbors.

The node 8 calculates the constraint to send its neighbors according to equation
(5), which equals Q=3. Assuming that the number of the first frame during which the
nodes must subject themselves to the constraint imposed by node 8 is 1, nodes 1, 4 and 7
may transmit during frame 1, nodes 2 and 5 will transmit during the second frame and
nodes 3 and 6 will transmit during the third frame.

In figure 8, only nodes 1, 4 and 7 transmit during frame 1, shown by table 170. The
probability that there will be no collision is then 0.56, according to equation (3).

In figure 9, only nodes 2 and 5 transmit during frame 2, shown by table 180. The
probability that there will be no collision is then 0.75, according to equation (3).

In figure 10, only nodes 3 and 6 transmit during frame 3, shown by table 190. The
probability that there will be no collision is then 0.75, according to equation (3). The
constraint imposed by node 8 being equal to 3, the next estimation of the number of

neighbors is done at the end of frame 3, where it estimates:

nbNeighbourMeasurement =1+ k*1+2+k*0+2+k*0=7 neighbors. The new
Framel Frame2 Frame3

€.50 as not to



In the case where the number of neighboring and interfering nodes, denoted P, estimated by the listening
node is greater than M, then the neighboring nodes must be 30divided into Q groups transmitting once
every Q frames, with: Q =LP/Ali-El(5) with Lxi, which fiepresents the integer part of x. 11 The value of P is
equal to nbNeighborMeasurement. Q is called the constraint and the value of neighborConstraint is equal
to Q. The Cr group (with 1< g <Q) is formed by neighboring nodes whereof the modulo MAC
addresses Q ar@@%}[ﬁé"&BedPﬁbaf%oﬂ%lF%%FPtBe R APROAIANS T HEERAT YA PR equal to
g-1. The estimatisregddhie Qembde afgosigmabemgoatiouedeitering mydesnptagitthus be done every Q

frames, by add'ﬂ%f&? W'%W&@G&%rﬁﬁﬂé@%ﬁgﬁ%rmﬂaﬁﬁ@ Qi famaRe newRdhG aRSGWhere the

number of neigf ofrO g}r%eer; Ir nodes estlrr}g(t:ed bny the Ilstenggg node is below M, then the
neighboring nods 2 CRtRTS Mt B ORRER Y BREREN sets Q =1. In figure 7, an ad

hoc network is made Hﬁ@f‘@@?\‘ﬂ?ﬁ@@l@@%@&?@d%‘t@&mtmw S \v4e HiRG TORTSREYYS sent by
nodes in its neighbependvaich\dataste ongaratasg méhainbiguirer, ddmane: Bothis hivideahiatotheur time slots

161, 162. 163 08 e ORS SEISI R AR o TP ARRIIA B BADA S1SAEHBALY). one

obtains M=2.23. The 15node 8 not nowing the number o neighboring nodes surrounding It, it imposes

the constraint 0¥ "SRRGS G fﬁl’ﬂ’lﬂgg TREOEHBM YA, tHérefore have an identification probability
of 0.18, according to éusegposs(3he@neasassenmesi¢chantiventyetgbbssng tioelebiofotiransode i8 Heve

transmittegomessagesRs ShOVELIR taRIeaAch BY AePMnBdhR forHRREeriaiendiankiAMERg that there

are two readable time sl gsvg}/ve OZ}OcoILg tlm(raa%lt ts rg)(\zllvrt_] Otnls<t 2 the node 8 estimates six neighbors.
The node 8 calcuf’afgsstﬁe JOnStraint to send its ne g%rbors accor ng to equation (5), which equals Q=3.

Assuming that the nuthBEr @NEReRE N RINPIGYRIEE thehhedeansatisnShp jede wirthigedge to the
constraint imposed by, nesledhisidreaatee takdmdstmaytiaasonitrduringdranie bnaasaesntmand S will

transmit during thesgg QMJéQH%enéﬂdc&@?r%ﬂﬁ%ég%Qr%dﬁ% ARG g abHﬁ'r%frﬁé‘]B?% In figure 8,

only nodes 1, 4 and 7 transmit during frame 1, shown by table 170. The that there will be no

collision IslfhenT@gg %r@cﬁ’lvalrfﬁ%se UaffoW?i%?onStramt as just been transmltted then the next

calculation of neighborConstraint will be done Q frames later: frameNumber + Q; (2)
otherwise the next calculation of neighborConstraint will be done in the following frame:
frameNumber + 1.

Phase 24 thus ends with step 66 or 68.

20 In phase 26, the constraint to which the considered node must subject itself is
determined. The mechanism for updating ownConstraintTemp described in step 42
ensures the application of the basic principle according to which a node receiving several
constraints from its neighbors submits to the strongest one, which amounts to choosing
the lowest transmission frequency.

25 In figure 11, an ad hoc network is made up of eight nodes numbered from 1 to 8.
One assumes that the neighboring nodes 2 and 3 of node 1 have transmitted constraints
during a frame, as shown in table 191. According to this basic principle, the node 1 will
submit to the constraint transmitted by node 3, i.e. Q=4.

The neighbor of the considered node sending the strongest constraint can itself be

30 subjected to a constraint by one of its neighbors. It therefore may not send its constraint to
each frame. The nodes subjecting themselves to its constraint must not, for all that,
subject themselves to lower constraints when they do not receive its constraint.

In figure 12, an ad hoc network is made up of ten nodes numbered from 1 to 10
with, for each node, the constraints imposed on the neighbors. A table 192 shows the

35  constraints received by the node 1 during seven consecutive frames, numbered from 15

to 21. In this example, node 3 sends the constraint Q=4 during frame 15. Itself being



In figure 9, only nodes 2 and 5 transmit during frame 2, shown by table 180. The probability that there will
be no collision is then 0.75, according to equation (3). 30 In figure 10, only nodes 3 and 6 transmit during
frame 3, shown by table 190. The probability that ther8will be no collision is then 0.75, according to
equation (3). The constraint imposed by node 8 being equal to 3, the next estimation of the number of
neighbors is done at the end of frame 3, where it estimates: nbNeighbourMeasurement = 1 +k* 1 + 2+ k *
0 + 2+ k * 0 = 7HBIHEOIS HeheP AN By dne | Fran BT AREY PIR0RSHEIAPHEHISSREUMEIRNT to be sent
to the neighborsasicattuiatediusigdrengasationo 3}, thesedpiainossubjeChisaliforitienattedmicontihues with this

new constraint. jnxxeR§0 pihiriprde sRtrispiReshethahihas (BB initknsmitiim AW spnstraint in

the following fraﬁne follo ing the_sam%groce_ssin as in step 5&. 5If the considfzr d node. nas the right to
s f[ﬁn e transmitting t maximu cogitralrﬁ {hﬂ the .algorithm wi %ver WIL anb
transmit in the folfowing Trame, onegoes on to step 64, which consists of calculatingthe number of the

frame at thé entV8TwBRRIMEIETOHERIBYED SIS 8§90 Betermine the next constraint neighborConstraint
that it will impose on itshasighbotiseriéftsdhetdaowithg Stegneyfranradl umker thd)considelédstieiéo, the

considered ”Odﬁe[émﬁﬂé@'%Q%%?ecm88?&%@&&&%6@%&&? then %ﬂé‘%&é&%‘?wﬁ“%‘%ﬁfw lgformation as
( I neighbo

well as the new constraints msgConstraint (which assumes the value o rConstraint) and

ownConstraint SUPIFGRE WYMsRIEI@E hode does not have the right to transmit in the following frame, in
step 68, the considerétnedacgtasiate® ttepnidmhbengirthielfthen®ded tateendesf itwlmeh donstrsindetermine

the next cepstrapnhGIHPHteONTIR B BBh i TRIRPSS P NarRplehiRiGontRaliieifuar Warcases: (1) if

the constraint hag, s\ pedn transTtted: then e next ealeulation of peiohporGanstiaintuh be done Q
frames later: frameNu f otherwise the next calculation of neighborConstraint will'be done in

the following fragréinfiaiienahdrartain venaderexampednwigs Wrtreneoss Br @B tia ghasiersd, the
constraint to whiehiethe egsjsitierethrodeumesihsaKeiedt ssifbe detasmiaacheting rewdanis fot updating
ownConstraint'l{%q?eﬁmpgqo%ﬁﬁg 42 ensures the application of the basic principle according to which
a node receiving several constraints from its neighbors submits to the strongest one, which amounts to

choosing the lowest trar8FiRRiEH REQFEREYE 24T AtIRIMATR SAPhIEHBIIBIK FRerfaRRl #ptdP eight nodes
numbered fromwhich 8 i© sebgssetmeg (ratsthenh eighioiabte vodege arstt Bndincaieparhdve tiransmitted
constraints durigga Epe»as shown in table 191. According to this basic principle, the node 1 will submit
to the constraint transll%n%ted b%ugp(tjg ,3;? dé(,e" Pe:'4th'erhr(]aogeelgrhbor of the considered node S%n(tugg the

. . IS ? ansmitting the constraint to whic
strongest constraint can itsel
considered node is currently subjected has transmitted a lower constraint, one goes on to

20 step 70. If not, one goes to step 74, during which the value of timeToLive is examined. If
timeToLive reaches the value 0, then one considers that the node is probably no longer in
the neighborhood of the considered node. In step 74, one tests whether the counter
timeToLive of the node that transmitted the constraint to which the considered node is
subjected is null. If timeToLive is equivalent to zero, then one goes on to step 70, and if

25  not one goes to step 76, during which the counter TimeToLive is decremented by one
unit.

Steps 69, 72 and 74 avoid the divergence of the algorithm by requiring the
considered node to subject itself to the maximum constraint that it received during a frame
if and only if that maximum constraint is greater than the constraint to which it is subjected

30 or the node to which it subjects itself has retransmitted a lower constraint or the node to
which it subjects itself is probably no longer in its neighborhood.

Figures 13 to 15 explain the time shifts between the transmission and application
of the constraints by a transmitting node and by receiving nodes, respectively.

In figure 13, a node calculates, at the end of a frame t, the constraint Q to be

35 imposed in its neighborhood. Assuming that the constraint g to which the considered node

subjects itself allows it, it transmits the constraint Q to the neighboring nodes in the



30 subjected to a constraint by one of its neighbors. It therefore may not send its constraint to each frame.
The nodes subjecting themselves to its constraint must not, for all that, subject themselves to lower
constraints when they do not receive its constraint. 14In figure 12, an ad hoc network is made up of ten
nodes numbered from 1 to 10 with, for each node, the constraints imposed on the neighbors. A table 192
shows the 35constraints received by the node 1 during seven consecutive frames, numbered from 15 to

21. In this exanﬁ?ﬂ@""ﬁ@oféa@‘%éﬁ&sﬁﬂ"e RRIARBRIIRY AUPRRTRY P BoTREEIPbEHRE 1 9 dLiBfekted to the
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time ToLive is réffiticalzealion LLHIEaFRRAHIRB! \%P%&%ﬁ*p‘féetﬁﬁgeofﬁéaﬁﬁn‘éﬁéﬁ%ﬂtooﬁvﬂﬁéﬂetﬁ@‘?:Bfmdered
node is subjectédmehist cothuexanghe sfifipassiBldriondadineish ethier serghtierhasdniving angmitted for a long

time. 15If,1ip step60.3the varala awprAskainems ﬁ@ﬁﬁﬁﬁt@émﬁﬁléhﬁ @lﬂét@'m to which itis
subjected ownConstrfiunft the v?rlablf-i chan eConstral tls.ﬁ1 r{:% redt durlngnt R, 72 Ifitis
ic

" uo ulat e rame
equal to "true," i.e. the n(%"e trandmi ng tﬁe gt A he consi’ ere node Is urrently

subjected has tiaRSFRAtE its righbesivsralntherxaors ofigoreotbstep FOsifaistissieydediesstep 74,
during which theneabeasafdisaend@d-ive i jex@mioedcdhéran ] abive Feawegaihplypléecbisharoene considers

that the node is,pralanly, QHe'%BQ&Faﬁﬂt%et% SRR Rshe e ReRsdgTed aads; Wﬂ%ﬁ%{:’ bfufne tests

whether the counter tlme ToLive of the no at transmitted the constraint to W ic e conS|dered node

is subjectéd is FANSHRHTNET BE iVBASSEG AN RISPBRINth 8RS e [Goes ¥5n th dfape d° dHECh Hhot one goes
to step 76, duritigtenimgimede basititerigite Telbisreitisheéetnesnaintguelip aihe anitlated. Step BN and 74

avoid the dWer%BE%E@%ﬁ"&%SBH& RY FERUHERG iR é‘éPElﬁ!ﬁ'i%Fﬁ@ nade o gwRiRddialidodhie.maximum

constraint that it re]celved r|n frfme if and o IY if that m m constraint is greater than the
het v+2, ..., v+ n the examp eo figure 15, v assurmes the value
constraint to whic IS Su

12, the Ilstenlng node performs the calculation of the new constraint at the end of frame

20 15, from estimates done at the end of frames 13, 14 and 15. In this example of application

of the algorithm, no estimate of the neighborhood is done at the end of the transmission

frame of the constraint, or at the end of frame 12, and at the end of the transmission delay
frame of the constraint, or at the end of frame 11.

In figure 16, a table 200 shows a series of frames numbered from 14 to 22, and

25 three nodes N1, N3 and N7. Node N1 imposes a constraint Q=2 on its neighbors and is

itself subject to a constraint g=4. Node N3 imposes a constraint Q=4 on its neighbors and

itself is subject to a constraint g=3. Node N7 imposes a constraint Q=3 on its neighbors

and itself is subject to a constraint q=4. This example illustrates how the algorithm of the

method takes advantage of the transmission delay slots to estimate its neighborhood and

30 calculate the constraint. Following a transmission delay, the constraint Q calculated by a

node called S is not sent to its neighbors. The neighbors of S therefore continue to use

the same constraint as before. The nodes transmitting a message during a transmission

delay frame T are, except in case of error due for example to a collision, the same as

those transmitting to frame T-Q. The algorithm of the method uses the estimation of the

35 number of neighboring and interfering nodes transmitting during frame T to recalculate the

neighborhood of node S. The different neighborhood calculations are weighted according



30o0r the node to which it subjects itself has retransmitted a lower constraint or the node to which it
subjects itself is probably no longer in its neighborhood. Figures 13 to 15 explain the time shifts
between the transmission and application of the consti&ints by a transmitting node and by receiving
nodes, respectively. In figure 13, a node calculates, at the end of a frame t, the constraint Q to be
35imposed in its neighborhood. Assuming that the constraint g to which the considered node subjects
itself allows it, |fctr§’rlgf?f‘§"tﬁ’1é2?:dﬁstﬁ%u?ﬁ@‘?ﬁ?tﬂf NIBigHBoNAE nOde AiFHiAES 12 fBRGNME A13ME t+1. The
neighboring nodésitetéayimgothat oausyeiniNsuleriit toustagadffdrdrameH2. to belalfigtrérdabnat tiozle
calculates, at t%@”&b%tﬁafﬁﬂm@ Eh@%rﬁP%tf%lWeQéo bRIEMRRSRHREIHS aatghmrﬁ@og docthe example of
figure 14, the conlstrlalnt is e ual to @?sumln Itha t the %onstralnt to hlcht e conl%dered node
submits allows -t 1SR er ra?n%e e%on Ifeto r%fr%e G t?\%er?élnd Ocralrslné) ModeSEibmit to frame
t+2. The considetédhane 4thrty i(tjs) &Hﬁ‘i‘dﬂ@r@'@ﬂ*ﬂﬁé W@IQﬁW&W@'Wd%%g I GLfrAMTEMS . The next
calculation of ther constraint is done at the end of frame t+2+Q-1, or at the end of frame t+4 in the example

of figure 14, from eSt”ﬂGﬁT??st ﬂ%t%%%'}i%%@f’{ﬂg QQrﬁb%tQ%F@r%‘ét*%”tﬁe oot ABames t+2, t+3

and t+4 in the example of figure 1 ure 15, a node 2 calculates, at the end of a frame 10, the

constraint Q to BeTRHH9EY Wlﬂgtﬁ@?ﬁﬁg d%ﬁ"iﬂérém@rb%ﬁr@l@am@h"(‘?néﬁ%\‘?n?@equal to
three. The consitiensdancdees siilyecteuints ancorstieintovhith i tRis exeangleodeeveniziitfrem

transmitting the coiist iba)follgwingfiamesdd o TR dha dansmigsinn ielay fofqthe ild@rconstraint to
be imposed on ?ﬁgnmgmn r%odes L$t v be the ?ra 0 nglgﬁh the Iéstenf'ﬁ]% node has It e right to

acon ain n e tat rn, commits an, erro
transmit the cons alnt previous y' caﬂ:ufa (? Eﬁ'l Ts?enlng HOI mus ghén postp'one Its nex %:onstralnt

calculation to frEsH@aHNQ MRYcetIAIEE 96 seRthel drecoPitiadavell A/t 2simaeshavieeenple of
figure 15, v asshengsdhe daduuiing n’mﬂiswmgsnmd@paa‘mﬁ@M(a@glm@ﬂm‘rh@bﬁaerﬁ@\tmnstraint at the

end of frame 20l g siipaley done it e At el ames 2 MR 15 ndine A o

application of the algorithm, no estimate of the nel |s done at the end of the transm|SS|on frame

of the con%’taralnﬁraﬁ?'a?%'%ﬁ&%??rémié Al tﬁ? tﬁ'édé?{ér@?&éstrﬁm?édtaé?%} fr4RRE ot the
constraint, or anthgheord ef franmiestad|of figues, Md)iehtdalds 200 $hposs a sengsaot e esearhbered from 14

to 22, and 25 t@%dﬂﬂ@?&%hdﬂ% NADhE NOE’QIMJ !FQP&%&&]Q%%%@-&&?MESJF%QHQQFﬁ and is itself

subject to a conﬁtramt de NS; Imposes. ag¢ strtal Qh n |t nelg bors an |tselfés subject to a
constraint q=3 "r]ﬁp%se% SCons r%fﬁt”aﬁ "OR ItS I’Ilnel RISt cs’.”an ré.]esu%jec(f 04 Sonstraint
g=4. This examigléfusrereanhdRetisenalrivkisaicotaiad Fﬁé‘fﬁm thﬁ’(e@'aﬂ%h?a@é%f thie tpaerifAission delay
slots to estunatedtaneighbeshandnaoscdatcalietatnehe nansiredal edipyang enttagsmissiandielay, the

constraint Q calgulgag, by g e ngé}%' ﬁd?e&“?r’i ﬁ%te J'R BRGNP LOGPRHLE éﬁtﬂ&%r%‘?refore

continue to use the same constraint as before. The no es transmlttln a message during a transmission
delay frame T dh8, BXeBMIPedSE @Féﬂlmffﬁmgizﬂﬁ'ﬁﬂa%ta gl e iedfod84Fansmitting to
frame T-Q. Tha@wﬁthmmtmmdmmmaaewmwnssfothef a constraint in a frame. In that

example, smoothing of the estimate and use of the set of frames for the estimate are

25 implemented by the algorithm, the estimate of the number of neighbors by a node is thus
improved.

Because of the collisions, a node does not necessarily receive the maximum
constraint to which it must submit, which can cause a strong variation in the estimated
number of neighbors.

30 In a first solution, a node sends the constraint that it imposes on its neighbors as
well as the constraint to which it subjects itself, so that its neighbors can know whether
their constraint has been received.

In figure 18, an ad hoc network is made up of nine nodes numbered from 1 to 9.
One assumes that the nodes transmit messages in frames including four time slots

35 indicated by “slot” in the figure. During a frame 11, one assumes that all of the nodes

subject themselves to a constraint g = 1. At the end of frame 11, each node of the network



35number of neighboring and interfering nodes transmitting during frame T to recalculate the
neighborhood of node S. The different neighborhood calculations are weighted according 15 to
relationship (2). In the example of figure 16, node Ni délculates, at the end of frame 15, its total
neighborhood V(1). Node N1 must wait for frame 17 to be able to transmit the new constraint. At the end
of frame 16, called transmission delay frame, a second calculation of the neighborhood V'(1) takes place,
based on estimZREHAERHHE iFCRSARNS. Whiehy Bl fBPORE)OR/ 18 'RIQNESEF 1 RSFEALRSTABIR & constraint to
be transmitted imefrsomiged 7n framigig@rand hidustiatéguon&8ofitiey béneditsed sratioghwit) fremestiBnation of the
number of neighbes ARdiRE e BOGRR HiRg dtARs MbseiANRIRS- flatkal JigHr eetahissdglsshows a
series of six framets numb%red féom 16t totgl, anq a node rI1\I>§1stuct})ast 10 r]?odg( 42:modg5|41). Node Nx
imposes a constTANP o= 3R it eI o S IS TR s 5 R e R et =3 5 hdiiMes that
during frante 16} IPEAHNIES df epierlySeiBgINEEHEDM§OnEOAelhpISor iAstelBIYT nteeddhng frame 17
it estimates havingdwesHeghbgrsoard dusing franied 4 itreséimatestiesingsaromeighbessmiine assumes
that it does not commikARY§/TRE &é@,‘%.?&%‘ﬂ%’@ﬁ&ﬂ&%p%&%eﬁ. JRighoges ,%'ﬁ‘egt?lzés%ﬁsm'tted n

frames 17 and 18. At the end of frame 18, it estimates its total number of neighbors at five instead of
seven, which |€QHEGEHY P IR SREBRSERANEDLY TRSRAF oF RdorA dRIBEIS dRapR B alled
transmission fraoetrixnthdexathe e afelgur & di7e . tNedsniaothangte btitie testoorsti@mist impbsaseried in the

algorithm 4 thﬁtg}%@ﬂgo?é?‘aﬁ&qm%mﬁimi@mféﬁ-isT %j@@@ﬁfé@iﬂ&ﬁﬁk}%@d@@ Ihdi el Qondlhnot be taken
into account 20 because the anstraint calcu%ted in frame. 18 has (?Itf\?oafﬂeySblg%nesTnt. On the other hand,

IS S itting to a lower constraint than that which. it imposed. R efore c le

the number of nelgun SHOEARIRHE AL YT Rak e e 'IRSS G I the LalCGISHoh P
neighborhood off tAegeliRmiPe) ¢FEthedisverieian thes JhtoatiMaipes thateshrfiftear IS Wheresisaio loss of
information relategetovihetfieansissieiicodfanernstiaiMilnba fsasnenkn taéexamiplaosopoatbingof the
estimate and usg,of the set of frames for the estimate are 25 implemented by the algorithm, the estimate
of the number of neighbors by a node is thus improved. Because of the collisions, a node does not

necessarifPreceive th® mEESANIRCLEINEHAMRYE KA ARSI HIE YRR PRGBSI 896 g variation in

the estimated neesda@sof neighbors. 30In a first solution, a node sends the constraint that it imposes on its
neighbors as well as tmigﬁ@sfé?itﬂ%@a?ﬁbi&@ beWRIGRIR Hseharsh ﬁB&@%ﬁ@@Jﬁ%@&ﬁﬁﬂ@%\é’hether their

constraint has behan. recelved In fi ﬁre 18, an ad hoc¢ network is m%de up of nine nodes.numbered
collsion urll}% fr. e 12§ e%l%ace.n{ e node 1 therefore su {ec aself I[_O a ctonstrallnt
from 1 to 9. Oné assumes that the nodes transmit messages in frames 1inctuding four time slots

35indicated by UsidtNiefthe hguirg sRFHE &Traiiant P=6re fsa8ahesetimaifisofa e glimeosdisiBct
themselvemto aramastiaing s tad Hvs enoief fiamestigeasitaiastenyf ibgereuany these three
frames 13, 14 and 15. In frame 15, node 1 transmits a second message in the period for
estimating the neighborhood of the node 5. By comparing the identifiers of the transmitting
nodes, node 5 detects this double transmission and does not take it into account.
This solution has the advantage that a node is capable in certain cases of
25 detecting whether a neighboring node is transmitting more than one message during an
estimating period, and then only counting that neighboring node once. Unlike the first
solution, which only makes it possible to detect one error, this solution makes it possible, if
the error is detected, to correct it. On the other hand, the first solution has the advantage
of detecting the error from the moment where one of the messages from the node having
30 made a mistake is correctly received, while the second solution can only detect the error if
both messages from the node having made mistakes are correctly received. It is possible
to implement, in the algorithm of the inventive method, either of these solutions or to
combine them so as to benefit both from maximum detected errors and the possibility of
correcting some of them.
35 The method according to the invention thus makes it possible to reduce the

number of collisions without adjusting the size of the frames, and can in fact be used with



16 calculates the constraint Q, which it will impose on its neighbors. These constraints are transmitted in
frame 12 and shown in figure 18. They will be used starting with frame 13. Table 193 shows the
messages received by node 1 during frame 12. In theliessages sent by a node, q designates the
constraint to which it subjects itself and Q the constraint 5 it imposes on its neighbors. During the time
slot 194, there is a collision between the messa%es sent by nodes 4 and 5. Node 1 therefore subjects
itself to the madrfiBRF AP RASIEFeLBR/ BT Ao %5?1@&%%%&“6?‘%&8@"@&%&?%@ 13, one
takes an interesignaling metbsdgdsrrecenme depthe meskadssnOudy haw syl tfams iettschth @dteorigest
constraint durlngéhﬁegggggggggt B%rm@.r{};g&e 1 transmits both the constraint it imposes on 10 its
neighbors and the constraint to which is subjects itself. Thus, node 5 knows that node 1 is submitting to a
lower constraint than that which it imposed. Node 5 is therefore capable of detecting the error. This
solution has the advantage that a node can know in certain cases whether its estimate of neighbors will
be poor and therefore will not update that estimate. 15In a second solution, a node knows the identity of
the transmitter of the message it receives. In figure 19, the same ad hoc network as that of figure 18 is
considered. The same collision during frame 12 takes place. The node 1 therefore subjects itself to a
constraint g=2. Node 5, having sent the constraint 0=3 in frame 12, estimates its neighborhood on 20
frames 13 to 15. Table 195 shows the messages received by node 5 during these three frames 13, 14
and 15. In frame 15, node 1 transmits a second message in the period for estimating the neighborhood of
the node 5. By comparing the identifiers of the transmitting nodes, node 5 detects this double
transmission and does not take it into account. This solution has the advantage that a node is capable in
certain cases of 25 detecting whether a neighboring node is transmitting more than one message during
an estimating period, and then only counting that neighboring node once. Unlike the first solution, which
only makes it possible to detect one error, this solution makes it possible, if the error is detected, to
correct it. On the other hand, the first solution has the advantage of detecting the error from the moment
where one of the messages from the node having 30 made a mistake is correctly received, while the
second solution can only detect the error if both messages from the node having made mistakes are
correctly received. It is possible to implement, in the algorithm of the inventive method, either of these
solutions or to combine them so as to benefit both from maximum detected errors and the possibility of
correcting some of them. 35The method according to the invention thus makes it possible to reduce the
number of collisions without adjusting the size of the frames, and can in fact be used with 17 a frame
having a fixed size. The method also does not require the sending of additional signaling methods, for
example beacon messages. Only two additional fields are added to the messages sent by the nodes. 18



CLAIMS 1.- A method for transmitting information in an ad hoc network comprising at least two
transceiver nodes able to receive and transmit information and communicating with each other by sending
information in random access time slots organized in f&ames, 5 wherein the nodes of the network are
broken down into groups according to a distribution rule, the nodes of each group only having the right to
transmit information in a predefined subset of frames specific to the group, characterized in that:

each node defines (phase 24) a constraint (neighb raint) for the 10neighboring nodes, and

each node transmits (phase&Hd)dtier trefismdtiognsivanatitneighb adCwestegivitktoothpriseighbeasg nodes, and

each node (phagg %ﬁ%@%%@@é@@t&%l?@ En'@%%ﬁ%@%&rrﬁaﬂi%%mecgﬂﬁﬁﬁm%ﬁiﬂd' Waras a function

of the constralnts hborCon tral t) received from the 15nei ngh oring nod eg 2 The method
%I’ r}ésen f} rmation |n m acc Ss tinre slots nlze in fram
according to clalm w int ABIHSR FLIBNSPE RSRS ™ group takes into decbiint the number of

neighbor oﬁinterferlng\’f?ﬁfﬁﬁlﬁﬂﬁn@ﬁ%ﬂéé rantieaheigithbitkg neRIs BfTHEAPEsIdePENdd@cthave.
3.- The methoddseapidingdre aledmolicy ot catietedaghminodardefiaas iphasendmt theorRdat@rommto which it

belongs accordmgdgq the QJEF pgltwmég% fw&t&o&oqj the constraint (neighborConstraint) received
e

from the neighboring nodes leading to the owest transm|SS|on frequency. 4.- The method according
to claim 3, wherein thE'Sf8p FIFEAANA a constraint (neighborConstraint) by a node for the neighboring
nodes includes a first-stepc(b0oft @Fiestintetiasg ti2d)namberswaineighbgrbrgCandtiaitgjfeonghsodes that
transmit fapa gwgéhggms,n@o%%cgm step (56) for estlmatlng the total number of neighboring or interfering

transmitting nodes, athlrd ste fors ggegl éop %rg}ngterrltr)]{ﬁ rg bo% orgljrr]}ﬁerf ng
transmitting nodes, and & our rT("ggl)g]or esta |ng He CoRSTaint elgqn GHLtrRnt as a

function of the ﬁﬁ@hﬁﬁ@@gtﬂ@épmﬁﬁ%er of nelghborlng or 30interfering nodes and a target minimum
probability ( Pseuil ) thagdtre mighpieiseofshedinds erndiansmitinty masanysitiesandissome  5.- The
method accordigg,ig laim, # W@%‘irﬁlﬂcﬂl@ Etgg’u@@n@rraﬁ%'% L B9 SReRLMRE” REAGQhPGHNgLr interfering

nodes that transmit for a given frame Is ba on measuring the number of time slots on w |ch no
transmissibh hd?'ﬁ@@?f'ﬂ%féﬂ%ﬁ a single 35transmission has been received, and more than two
transmissions generatingr becokithioe according to claim 1, wherein the distribution rule of a node in a

group takes into account the number of neighbor or interfering transmitting nodes that the
neighboring nodes of the considered node have.
3.- The method according to claim 1 or 2, wherein the node defines (phase 26) the
20  group to which it belongs according to the distribution rule as a function of the constraint
(neighborConstraint) received from the neighboring nodes leading to the Ilowest
transmission frequency.
4.- The method according to claim 3, wherein the step for defining a constraint
(neighborConstraint) by a node for the neighboring nodes includes a first step (50) for
25 estimating the number of neighboring and interfering nodes that transmit for a given
frame, a second step (56) for estimating the total number of neighboring or interfering
transmitting nodes, a third step (58) for smoothing the total number of neighboring or
interfering transmitting nodes, and a fourth step (58) for establishing the constraint
(neighborConstraint) as a function of the smoothed total number of neighboring or

30 interfering nodes and a target minimum probability ( P ) that the neighbors of the node
can transmit information without collisions

5.- The method according to claim 4, wherein the step (50) for estimating the

number of neighboring or interfering nodes that transmit for a given frame is based on

measuring the number of time slots on which: no transmission has been detected, a single

35 transmission has been received, and more than two transmissions generating a collision

have been detected.



have been detected. 19 6.- The method according to claim 4 or 5, wherein the step (56) for
estimating the total number of neighboring or interfering transmitting nodes includes a summation (56) of
the number of neighboring or interfering nodes havindg#ransmitted messages in each of the frames
corresponding to the set of distribution groups of the nodes according to the 5 constraint
(neighborConstraint) defined by the node and transmitted to its neighboring nodes 7.- The method

according to claim 6, ¥h&RSimMEIROStaECRSHIBHIKURRIMY tRE oIS RIMBErstheBhBb AF B & fering
transmitting nodes! lmyrabeo deneighines gowpigtingp (68)sofitire calkrdatelddesad summioof(66) e nt

transmitting or ipteHeripe RPAeRNBYIRE dPiRleAEliny MRS A NRIGhRALAES mg%,efgg{]&qﬁr@a@trmting nodes
previously Ca|Cl.tJ}|1at?d for that node. 8,- The n?edtho_g accordin to]c t gré)aec%dtiﬁeg claims,

. ny one of
wherein each no efa@ﬁﬁe‘?&ﬁépé’rr‘é’d’bgth‘f\}v |csr$tit°be'8trr1'g§t'880%r%‘|ngCfo%ﬁ%/e_nals‘?tsrigﬁ%on'_rgle by subjecting
itself to a cOnstAAMRIRBNNCYARPRIFRNSMBRIRIELbRYtIAMRLET tRRINENFRBHIRIgIQ daeeigsoring
(neighborConstfiaiy and in which the calculation of a constraint (ownConstraint) specific to a node is only

done if at least one Ofﬁhenﬁ%"%‘#ﬁﬂ&dt'&"c‘%8r§]fﬁ'ad{6i%ﬁk§# éT‘Wﬁserein qﬂgr@g{%ﬁeﬂﬂ%% Ogﬁngom%trf%ka}s

(neighborConstraint) received from a neig erIn&é]?Ode (69), e neighboring node having defined
the constraint (BWRES R tPSHBPRS Heh RH RIS B8 FRIGEY AT Bere s b TR diF WEE A NS HIEE a lower
constraint (72), (3Beoé ¥ red|oulaté datpiad detelpaniniech penigchosrtimtisg( dinmeereLingndabs, by th@. 1ofdde method

accord!ngltg anb(u%ﬂ)%@ﬁfh?e@%%ﬁﬁ&‘9r9|ﬁﬂ8?l%ri%"%%@i§hﬁﬁﬁﬁ ’HQQ& 'Ui%ﬁstlk)ecgf&}l%ﬁé@ whigdt belongs_
according to th% c§1I0|gtr|but|on rule by subjecting itself to a constraint (ownConstraint) among the constraints

of the neighboring fiodes 25 (neighborConstraint) and in which each node transmits (step 24) the
constraint (ownConstfainthedneHies Ceeiojagts itswI P 8htherrsacani)g claimep whereimeagiotPaecording to
claim 9, charactrifizesl tite thatp rRoslednaviRgotigs aviisian Rte RS URNb(HeIghkRobE eistraing) iteem preceding

frame determingos yh%ﬂ&;&mi ?W&i%&ﬂwwhé%ﬁgn?blj}%hlﬁ%iﬁlpafﬁ%deofSL,{Pjeeqiéigﬁgtgiﬁgwﬂ&%QStraint)’ and

that it has 30 received from that neighboring node, 1s below the constraint (neighborConstraint) that it
transmitteaSandWF%tméﬁﬁ%w(Wﬁ%mﬁ?giHﬁtW\%R:ﬁ%rﬂ'éb(ﬂ%ﬁﬂ@sﬁﬂ@@ SRS itself is
below the constraamiqeeighblgr©onsteiegstivaeivhtas totinsimgttecetberniimmsisdectioes not take into account
the estimating elementg,gfdts OaIOhBREP AL alcKIBiEE brtReh thaipy HeRiEaTEm 3pAdgn b gnethod
according to cla}]icr)rtljg(gg)’lo, characterized in that a node imposing
- the neighboring node having defined the constraint (ownConstraint) to which the
20 considered node subjects itself has transmitted a lower constraint (72),
- the expiration of a predetermined period of time (TimeToLive, 74).
9.- The method according to any one of the preceding claims, wherein each node
defines the group to which it belongs according to the distribution rule by subjecting itself
to a constraint (ownConstraint) among the constraints of the neighboring nodes
25 (neighborConstraint) and in which each node transmits (step 24) the constraint
(ownConstraint) to which it subjects itself (msgConstraint).
10.- The method according to claim 9, characterized in that a node having
transmitted a constraint (neighborConstraint) to a preceding frame determines whether
the constraint to which a neighboring node subjects itself (ownConstraint), and that it has
30 received from that neighboring node, is below the constraint (neighborConstraint) that it
transmitted and whether the constraint (ownConstraint) to which the neighboring node
subjects itself is below the constraint (neighborConstraint) that it has transmitted, then the
node does not take into account the estimating elements of its neighborhood calculated
during the current frame.
35 11.- The method according to claim 9 or 10, characterized in that a node imposing

a constraint (neighborConstraint) on its neighbors determines whether a same



a constraint (neighborConstraint) on its neighbors determines whether a same 20 neighboring node
transmits at least twice during n consecutive frames, n being the constraint (neighborConstraint) imposed
on the node, and if the neighboring node transmits at2@ast twice during n consecutive frames, the node
only takes the neighboring node into account a single time to define its number of neighboring or
interfering Stransmitting nodes. 12.- The method according to any one of the preceding claims,

characterized i $HEPHEY AL SBALD AWERF tHECROHE hk TRREGYLS Hameaitdd 18 BeEgnaling to
reduce the numivesodicd|(iIs@hdorChrstretyorkposed 18)- A awdw canetvifotkenctighhgriagsetodktransceiver

podes aple FO r%ﬁ'ﬁ(ﬁ@%@|e¥1@tt{®i@§r&ﬂriﬁﬁ§9{mﬁ‘a@@&ﬂﬁgf%€]%%H%gowv@aﬁ%%emﬁrmbﬁﬁ@dmg
information in frr%rgees characterized in }hat each nc%%e includes meargs far.i £|1r1egmgrr1tllrr]1tgr¥he method

according to any one'%tP tﬁgcﬁ%(t:e%iﬁ@%?aitr'nn? 0 ne its number of neigh erng
5  transmitting nodes.

12.- The method according to any one of the preceding claims, characterized in
that the transmissions between the nodes lack messages dedicated to the signaling to
reduce the number of collisions in the network.

13.- An ad hoc network including a set of transceiver nodes able to receive and

10 transmit information and communicating with each other by sending information in frames,
characterized in that each node includes means for implementing the method according to

any one of the preceding claims.



