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DYNAMIC CIUSIERING MANAGEMENT

HED OFTHE PRESENTINVENTION:
The presentinvention generally relates to communic ation networks and more
specifically to the formation and management of plurality of nodes of a

communic ation system into self organized c lusters.

BACKGROUND OFTHE PRESENTINVENTION:

Tday, in the communication field, element management within a group
comprsing a large numberofsuch elementsiscrtical Forexample, forPeerto Peer
(P2P) or Ad-hoc networks, such as sensor networks, or meshed WIFI networks, one
basic technology is to regroup a large numberof these elements into one ormore
groups, also called here after clusters. Clustering contributes to performance
enhancementofthe elementsasa group, and service quality improvement forone
ormore applicationscamed out by the ele ments.

An example of such a network is a network compunsing fire probes
disseminated throughout a forest. Such probesmay workascooperative nodesin a
wireless network for fire prevention by organizing themselves into clusters of nodes.
Wheneverone ofthe fire probesfailsdue to a battery failure orsome otherreasons,
the related cluster needs to reorganize. Keep alive messages are constantly
exchanged between nodes of a same cluster for the organization and
managementofsaid cluster. Anotherexample may be insects monitornng through a
networkofprobes disseminated in a forest.

One possible scenaro forsuch networksisthat there isno pre-existing ne twork
infra struc ture. The elements have therefore to establish ¢c o mmunic ation links within
the network to exchange information among themselves when camying out a
network application. A clustering method isthusneeded to organize the networkof
nodes.

Initial management methods included manually defined clustering or static
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clustering. These methods were limited in efficiency as the clustercould not adapt
easily to dynamic change.

Self organized clustering implies that the nodes can reorganize themselves
following a triggering event with limited if no extemal ntervention, the resultant
¢ luste rinfra struc ture evolving overtime asa consequence. Nodesuse exchangesof
messages and follow clustering methods to (re)organize the clusters of the network.
Selforganized clustermanagement methodsare knowne.g. from US7,171,476 B2 or
from US 6,876,643 BL. One majorproblem with the known management methodsis
that a large number of message exchange (message overhead) is needed to
manage the clustersin a network. Furthermore, most methodsare notscalable, ie.
whenevermore nodesjoin the same cluster, the dynamic managementisno longer
e ffic ie nt.

Anotherissue is that the clustermanagement needsto be robust to dynamic
changes, such asthe change ofa clusterhead, whateverthe size ofthe clusteris.

There is still a need today for an improved self organized cluster
management, thatisrobust to dynamic changes in the nodes charactenstics, and
scalable in that the message overhead may be controlled asthe numberofnodes
grows. There is also a need for mproved self organized clusters in a network of

nodes.

SUMMARY OF THE PRESENTMEIHOD AND SYSIEM:

Ik is an objective of the present method and system to overcome
disadvantagesand/ormake improvementsin the priorart.

T that extend, the present method relates to a method forself organizing a
plurality of nodesofa communic ation networkinto atleast one clusterofnodes, the
plurality of nodescompunsing atleast one potential clusterhead, and being able to
communic ate within the communication network over a plurality of broadcast
communication channels, said method comprising for said at least one potential

clusterhead the actsof:
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-broadcasting an advertisement message over a first communication
channel, said advertisement message comprsing:

- first information related to the capacities of the potential cluster head
with regardsto a given applic ation,

-second information related to a second communication channel over
which the plurality of nodes can exchange messages with said potential
clusterhead,

-receiving overthe second communication channel a response message if
any from a node, said response message comprsing an indication that the node,
based on the firstinformation, hasselected the potentialclusterhead asthe head to
a clustercompursing atleastsaid potentialclusterhead and said node.

Ihorderto establish a cluster, only one response message isneeded. Sinc e the
response message is broadcasted, other nodes which have also selected the
potential cluster head based on the first information do not need to send a similar
message. All nodes having selected the potential cluster head wil have the
knowledge of the elected cluster head through the first node that sent a response
message.

The present method also relates to a method forself organizing a plurality of
nodesofa communication networkinto atleastone clusterofnodes, the plurality of
nodes comprising at least one potential cluster head, and being able to
communic ate within the communication network over a plurality of broadcast
communic ation channels, said method comprising forone node of said plurality of
nodesthe actsof:

-receiving from the at least one potential cluster head an advertisement
message over a first communication channel, said advertisement message
comprsing:

- first information related to the capacities of the potential cluster head
with regardsto a given applic ation,

-second information related to a second communication channel over

whic h the node can exchange messages with said potential clusterhead,
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- selecting, based on said first information, the potential cluster head as the
head to a clustercomprising said potentialclusterhead and said node,

-broadcasting over the second communication channel a response
message comprsing an indication thatsaid node hasselected the potential cluster
head asthe head to the cluster.

The present system relatesto a system forself organizing a plurality ofnodesof
a communic ation network into atleast one clusterof nodes, the plurality of nodes
comprising at least one potential cluster head and being able to communicate
within the communication network over a plurality of broadcast communication
channels, said potentialclusterhead being arranged to:

-broadcast an advertisement message overa first communication channel,
said advertisement message comprsing:
- first information related to the capacities of the potential cluster head
with regardsto a given applic ation,
-second information related to a second communication channel over
which the plurality of nodes can exchange messages with said potential
clusterhead,
atleastone node begin arranged to:

- send overthe second communication channel a response message, said
response message comprsing an indication that said node, based on the first
mformation, has selected the potential cluster head as the head to a cluster

comprising atleast said potentialclusterhead and said node.

BRIEF DESCRIPIION OF THE DRAWING S:

The present system and method are explained in furtherdetail, and by wayof
example, with reference to the accompanying drawings whe rein:

FIG. 1 showsan exemplary embodiment of the present system,

FIG. 2 shows an illustration of the message flows among nodes and cluster

headsinaccordance with an embodiment of the present system,



10

15

20

25

30

WO 2009/104171 PCT/IB2009/051318

FIG. 3 shows a flow diagram illustrating an embodiment of the present
method,

FIG. 4 shows a flow diagram illustrating another embodiment of the present
method, and:

FIG. 5 shows an illustration ofa change ofstatusofa node in the network

DERIED DESCRIPIION OF THE PREFERRED EMBO DIMEN'ES:

The following are descriptionsofexemplary embodiments that when taken in
conjunc tion with the drawings will demonstrate the above noted features and
advantages, and introduce furtherones.

In the following description, forpurposesofexplanation ratherthan limita tion,
specific details are set forth such as architec ture, interfaces, techniques, etc., for
llustration. However, it wilbe apparent to those of ordinary skill in the art thatother
embodiments that depart from these details would stil be understood to be within
the scope ofthe appended claims.

Forexample, the invention allbows an improved self organized management
ofnodesin a communic ation network The man skilled in the art willnotice that thisis
notthe sole embodiment possible, and thatthe present system and method maybe
implemented othercontent such asa wireless network, a [ocal Area Network (LAN)
ormore generally any type ofnetwork, wirelessorwired line, overwhich a plurality of
nodesmayexchange messages.

Moreover, for the purpose of clanty, detailed descriptions of wel-known
devices, systems, and methods are omitted so asnotto obscure the description of
the present system. In addition, it should be expressly understood that the drawings
are included forillustrative purposes and do notrepresent the scope ofthe present
system.

Bynode orelement, one may understand any electronic device capable of
exchanging messagesand data overa communication network Such device may
be a portable ormobile device, ora fixed one. The messagesmay be exchanged

over a wireless network or not, or a combination of both. Bluetooth®, Infrared,
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WIMAX or WIFltechnologies may be used e.g. forexchanging messages between
nodesin the example a wirelessnetwork The man skilled in the artmayreadilyapply
the teachings of the present method and system to any existing communication
ne two rks.

The nodes are also capable of broadcasting messages over a plurality of
channels within the ¢ o mmunic ation netwo rk.

The nodes are also capable of camrying a given application, which is the
reason behind the clustering. An example of such application maybe data transfer,
physical parameter monitoring, ... Some nodes may have higher capacities, ie.
abilities, in regards to such an application, when compared to othernodes in the
network. These nodes wil be described later on as potential master nodes or
potential clusterhead. Once elected as the head to a cluster, these nodes willbe
referred to asclusterheads. The othernodes willbe called here afterregularnodes
ormembernodes once the cluster has been formed oronce they have joined a
cluster.

For simplification purposes, the method will be illustrated here after for one
givenapplication. The method maybe readily transposed to clustering invo lving two
ormore applications. Nodes which are potential masternodesfora first application
could be regularnodesfora second orthird applic ation.

FIG. 1 shows an illustration of an embodiment of the present system. A group
of network nodes 115 have self-organized into a cluster 110. Othernodes 125 and
135 have selforganized into clusters 120 and 130 respectively. Fach cluster willhave
a clusterhead, respectively 116, 126, and 136.

The nodesfrom a communication network as seen in FIG. 1 may be of three
types:

-a “regular’ node 145 which have notjoined a clusteryet and whichisbound
to become a cluster member. k may become a cluster member when electing a
potential clusterhead 146 as cluster head. The formed cluster, like clusters 110, 120
and 130 in the illustration of FIG. 1, then comprisesatleast said regularnode and the

potential cluster head which have become respectively a cluster member and a
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clusterhead. Regularnodes 145 may also become a cluster member when joining
an already existing cluster. The election mechanism, asdescribed lateron,isbased
on advertisement messages (AM) sent by the potential cluster heads and/or the
existing clusterheads throughout the network,

- potential cluster heads 146. Potential cluster heads are determined upon
theirspecific capacities in relation to the given application. How these capacities
are established is extemal to the present clustering mechanism. These capacities
may be seen as having a directconsequence on the performance of such a node
with regards to the given application. For nodes such as electronic portable or
mobile devices, the capacities may be for instance the battery reserve that wil
allow the device to camy the application overa period of time longer than other
nodes. The capacity may also be, but not limited to, the data transferthe device is
capable of,its processorcharacterstics, ...

- cluster heads 116, 126 or 136. These cluster heads correspond to potential
cluster heads which have been elected previously. They are the head or master
nodesto clusters(respectively 110, 120 and 130in FIG. 1) c omprising the clusterhead
and at least one cluster member such as cluster member 115, 125 and 135
respectively.

When the clustering mechanism isinitiated, allnodesare eitherregularnodes
or potential cluster heads. All nodes wil exchange periodical Advertisement
Messages (AM) and Response Messages (RM) to form and maintain clusters using
different broadcasting channels, asexplained here after.

A first communication channel, called here after the network channel or
global channel, is used to exchange messages between all nodes during the
clusters formation. This channel is also used by the cluster heads and potential
clusterheadsto exchange messages.

More specifically, the globalchannelforthe whole group isused by:

1. cluster heads and potential cluster heads to communicate information,
inc luding the advertising about theircapacitiesin respect to the application,

2. new nodescoming to the networkand which wantto join a cluster(regular
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nodes) orstart a new one (potentialclusterheads), and;

3. former cluster members from a cluster and which have lost their cluster
head. Such nodesmayindeed be seen asnew nodes.

The communication at each cluster level wil use a dedicated
communic ation channel called here afterthe clusterchannel lhotherwords,each
clusteris furthercharacterized by a distinct c lusterc hannelwhichisdefined by each
potential clusterhead priorto being elected as clusterhead. T do so, a potential
cluster head will select its own cluster channel, distinct from the global channelor
the cluster channels already in use. The potential cluster head wil advertise
mformation related to this cluster channeloverthe global channel and will listen to
response messages if any on this cluster channel The global channel and cluster
channels, all of them brmadcast channels, are control channel for the purpose of
clusterformation and maintenance.

Regular nodes wishing to either join an existing cluster or elect a potential
cluster head to form a new cluster, will listen to advertisements on the global
channel, willelect an appropriate (potential) cluster head and respond using the
cluster channel cormesponding to the appropriate (potential) cluster head. These
nodes willthen become membersofthe comesponding cluster.

The cluster formation and maintenance wil now be illustrated in relation to
FiGs. 2 and 3.

In a preliminary act 300, the cluster formation is initiated. In this exemplary
embodimentofthe present method, it isassumed thatno clusterexistsalready, and
the nodesin the network are eitherregularnodes 215 orpotential clusterhead 216
asseenin FIG. 2. Otherscenarios, such asa regularnode joining an existing cluster,
ora clusterhead sending maintenance messages, willbe ilustrated lateron.

A parameter, here after called the Cluster Member lhdex (CMD, may be
defined to keep trackofa node currentstatus. The CMImay be a numberwith three
values to represent the three types of members, for instance CLUSIER_MEMBER,
POTENTIAL CIUUSIER_HEAD and CIUSIER_HEAD. The CMIlof each node, whether at

the imitialact 300, orat any later stage of the clustermaintenance, may be set as
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follo ws:

-for a potential cluster head: any member which “wishes” to become a
clusterhead, based e.g. onitscapacities with regard to the given application, wil
set its CMIto a value comesponding to POTENTIAL CLUSIER_HEAD,

-fora regularnode: a regularnode may setits CMlas CIIUSIER._ MEMBER if it
doesnot wish to be a potential clusterhead, e.g. itscapacities with regards to the
given application are limited. This may be the case if the battery isreaching a low
levelthreshold, orits data transferrate is imited,

-forcluster head: a potential cluster head will become a cluster head only
when elected by regular nodes. From that point on, a potential cluster head wil
change its CMIto the CIIUSIER_HEAD value. When a clusterhead isno longersought
byitsclustermembers, e.g. it no longerreceivesresponse messagesfrom any c luster
member, it will switch back to potential cluster head, and change its CMIback to
the value POTENTAIL, CILUSITER_HEAD.

In a furtheract 310, a potential cluster head 216 will send an advertise ment
message (AM) overthe globalchannelasseen in FIG. 2. lh order to advertise the
othernodes 215 about its capacities in relation to the given application, in other
words to enable regularnodes 215 to elect it as clusterhead, the potential c luster
head 216 will send in the AM:

- a first information related to the capacities of this potentialclusterhead 216
with regardsto the given applic ation. The first information maybe a directorindirect
mndication ofthe potentialclusterhead capacities. Forinstanc e, the first information
may be limited to anindic ation thatthe node sending the message declaresitselfas
a potentialclusterhead. The first nformation may also comespond to more detailed
indicationsofthe capacities, like data transfer, battery charge left, ...

-a second information related to a cluster communication channel over
whic h the nodes may exchange messages with this potential clusterhead.

The second information may comespond for instance to a Channel ID
(id entific ation) that indic ates the cluster channel over which cluster members can

communic ate with the potentialclusterhead once itischosen asthe clusterhead.
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As mentioned before, the cluster channelis chosen by the potential cluster head
among available channels. The cluster channel may be chosen e.g. randomly to
avoid duplicated channels among clusters.

FIG. 2 illustrates the advertisement messages AM sent out over the global
channelbya plurality of potentialclusterheads 216, 226, 236 and 246.

In an additionalembodiment of the present method, furtherinformation may
be ncluded in the AM:

- the scope Dc ofthe AM. The scope defineshow faraway from the potential
clusterhead the AMisvalid. Beyond thatdistance Dc the AMmayno longerbe read
by a node. The distance may be measured in numberof hops from the potential
cluster head. hitially, when the clusteris not formed yet, the scope of the AM may
be setto a large numberand willbe adjusted once the clusterhead received one or
more response messages from clustermembers,asexplained lateron,

-an advertisement cycle Tipv that is the time period between two
advertisement messages AM. The advertisement cycle may be adjusted based on
the overhead controlasexplained laterin an additionalembodiment ofthe present
method. Other parameters such as remaining life of battery for instance may be
taken into accountin the definition of Tapv.

Once act 310 hasbeen carmed out, the potential cluster head will wait for
response messages (RM) from regularnodes, which will signal through the RM that
they have elected the potentialclusterhead asclusterhead.

In a furtheract 320, the potentialclusterhead 216 receives overthe second
communication channel, ie. the cluster channel, a response message RM from a
regularnode 215 in the network Thisresponse message comprises an indic ation that
this node, based on the first information in the AM of the potential clusterhead has
selected the potentialclusterhead asthe head to a clustercompursing atleastsaid
potential clusterhead and said node.

Indeed, upon receiving the AM from the potential cluster head, any regular
nodes 215 may elect this potential cluster head as cluster head, using the first

mformation in the AM of the potential clusterhead and its own setof elec tion rules.
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The setofrulesforelection ofa clusterhead may vary from one regularnode to the
other. The distance from the potential cluster head may be for instance of
importance to some nodes, on top ofthe first information of the AM.

In an additionalembodiment of the present method, the response message
may include the distance from the elected cluster head. The distance from the
clusterhead can be obtained from the AM received by the regularnode sending
the RM using forinstance a TIL(Time To Live) parameterin the AM, ie. a distance
parameterindic ating the distance from the potential cluster head. From the RMs, a
clusterhead may determine the clustersize CIIUSIER SIZE, ie. the distance from said
cluster head to its farthest cluster member. This distance may be seen as an uplink
distance from the potentialclusterhead to the clustermember.

In an altemative embodiment of the present method, a downlink distance
may be defined from the clusterhead to the potentialclusterhead using a TILin the
RM.

Upon choosing the clusterhead, a regularnode about to become a cluster
memberwil respond to the clusterchannelindicated in the AM from the potential
clusterhead. The newly clustermembermay then switc h from liste ning to the global
channelto listening to the clusterchannel, and thusmay respond only to thatcluster
channel The clustermemberwilthusreceive all AMssent by the clusterhead on the
cluster channel as well as otherresponse messages sent by cluster members from
the same cluster, asthe clusterchannelisa broadcast channel

In a further embodiment of the present invention, a selective suppression of
the response messagesmay be camed outto reduce the message overhead. Every
regular node which has elected the potential cluster head may schedule its
response message with a random delay. The delay may randomized based on the
advertisement cycle Tapv from the advertisement message so that all these nodes
geta chance to send a RM before the next AM from the potentialclusterhead.

As allresponse messages from the nodes in the same cluster are sent on the
cluster channel, and wil be received by all members from this same cluster. The

selective suppression may be applied as follows: upon receiving a RM from any



10

15

20

25

30

WO 2009/104171 PCT/IB2009/051318

12

fellow cluster member (which have also elected the same potential cluster head)
and whose distance to the elected cluster head is larger than its own distance to
said elected clusterhead, the scheduled RM willbe simply suppressed orcancelled.
CLUSIER_SIZE will then be determined from the distance parameterin the RM which
reports the largest distance from the elected cluster head to the furthest cluster
member.

Ihorderto facilitate the choice ofa clusterhead, anyregularnode may store
a “AM table” for all the potential cluster heads it has received an AM from. That
table may for example comprise the following data for each of these potential
clusterheads:

-potentialclusterhead ID,

- first information in the AM related to the capacity of said potential cluster
head,

- distance from the potentialclusterhead to itself.

In a further act 330, once a response message has been received by the
potentialclusterhead, it changesits status to clusterhead. Thismay be carred out
through the CMIwhic h is switc hed to the CIIUSTER_HEAD value.

In a further embodiment of the present method, the newly elected cluster
head may start to send in an act 340 two advertisement messages both to the
globalchanneland itsown clusterchannelevery advertisement cycle Tapv:

1. a clusteradvertisement message to itsown c lusterc hannelwith a scope Dc
set to CLUSIER_SIZE, the scope defining how farfrom the clusterhead the message
may go. Thismessage may be seen asa keep alive message, to inform the cluster
nodesthatitisstilan active clusterhead,

2. A cluster head will send the cluster advertisement message to the global
channelwith a large scope Dc. The use ofthe globalchannelallows communic ation
with otherclusterheads, as well as with any otherregularnodes wishing to join the
existing cluster. This message comprises the same mformation asthe AM sentin act
310 and may use the same large scope asthe one from the AMin act 310.

The two AMs on the clusterand globalchannelrespectively are illustrated as
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being sent simultaneously and with the same perodicity. The AM on the global
channelmaybe sentevery multiple ofthe advertise ment time Tapv, asthis AM isused
for any nodes wishing to join the existing cluster. These two AMs may also be sent
async hronously in an alte mative embodiment.

The present method allows a simple and straightforward maintenance of a
cluster. Clustermembers willresponse to the keep alive AM on the clusterc hannelin
the same way they replied to the AM on the cluster channel during the cluster
formation. These acts may be seen as acts 310 and 320. n other words, cluster
members will reply to a cluster head for cluster maintenance in the same way
regularnodesrespond to a potentialclusterhead once they have elected it during
the ¢ luster formation.

When a regularnode, referred to here afterasnew comer, wishes to join an
existing cluster, it will listen to the global channel for any AM. The advertisement
messageson the globalchannelmay come from:

- cluster heads to existing clusters, which keep on advertising on the global
channel, asexplained here before,

-potential clusterheadsadvertising to create a new cluster.

In both instances, thisnew comerwillelect a clusterhead, whether potential
ornot, based on the firstinformation in the AMand itsown election rulesand send a
response message on the clusterchannelcomesponding to the second information
in the AM. This response message willbe one of the response messages the cluster
head mayreceive asin act 320 on the clusterchannel The additionalembodiment
of the suppression may also be carried out in the same way, asthe new comer wil
listen to the clusterchannelonce a clusterhead elected.

New potential cluster head will start with advertising to the global channel
with theirown predetermined time period, asdescribed in relation to acts 300 to 330.
Regularnodes, which are notclustermembers, willlisten to the new potential cluster
heads as wellas other AMs from existing potential clusterheads and cluster heads
and may chose to electsaid potentialclusterhead asclusterhead.

Cluster members, having hopped out of a clusterforany given reason, may
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also listen on the global channel to the AMs of potential cluster heads as well as
other AMs from existing potential clusterheads and clusterheads, just like a regular
node looking to join a cluster.

Forsome reasons, there may be instances when a clustermemberno longer
receives any AM from its cluster channelfora predetermined time period (e.g. two
ormore advertisementcycles),inan additionalembodiment ofthe present method,
it will then switch to the global channel to elect a new potential cluster head or
clusterhead and join a clusterc onsequently, just like the new comerillustrated here
above.

When a cluster head no longerreceives any RM on its cluster channel for a
predetermined time period (e.g. two or more advertisement cycles), it will switch
backto potentialclusterhead, e.g. change its CMIto POTENTIAL, CILUSIER_HEAD. k
will stop sending AM on its c lusterc hannel, and will continue sending AM only to the
global channel with the same ora longer time perod, just like any new potential
clusterhead.

In an additional embodiment of the present method, the advertisement
period may vary fora potentialclusterhead depending on the reception ornotof
RMs. Forinstance, a potential cluster head may start to send one AM to the global
channelevery advertisement cycle fora predetermined time period Tinr(e.g. three
advertisement cycles, 3 Tapv). The potential clusterhead will listen to its o wn cluster
channelforany response from clustermembers. fno response isreceived after Tinm,
it wil emain as a potential clusterhead and willsend one advertisement message
to globalchannelat a second predetermined time period T larger than the initial
one Tinr(e.g. every two advertisement cycles 2 Tapv).

In a further embodiment of the present method, the potential cluster head
may change its status to regular node if no RM is received after a third
predetermined time Tt This node may nevertheless, beyond Ty switch back to the
status of potentialclusterhead at regularintervalsto checkifit can form a cluster.
The change mayalso happen through externalmeansand/orfollowing a change in

itscapacities (e.g. remaining battery life below a given level).
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In a furtherembodiment of the present method, the first informa tion in the AM
may be limited to the CML The CMImaybe seenasan indication of the capacities
of potentialclusterhead and clusterheads withregard to the application.

Aregularnode, the CMIof which is set to CLIUSIER_ MEMBER, may select from
the AMs received on the global channel, for example using the AM table, the
potential clusterhead orclusterhead which is the closest.

As mentioned before with regard to the capacities with regards to the
application, the CMIis set extemalto the present c lustering mec hanism.

The advertisement and response messages, AM and RM respectively, are
considered asoverhead traffic forcluster formation and maintenance. Measure ments
may be defned to evaluate the overhead of the present cluster formation, one
example being the numberofmessages Nrecrvep received by any node in the network
during a given period of time Tremmvmen. This numberof messages takes into account
the factsthat:

-each cluster member will receve on the cluster channel AM from its cluster
head, and some RM from fello w clustermembers,

-potential cluster heads receive on the globalchannel only AM from all other
potentialclusterheadsand clusterheads,

-a cluster head will eceive AM from all potential cluster heads, other cluster
heads, and RM from its own clustermembers.

T controloverhead,eachclusterhead and potentialclusterhead may monitor
the number of message Nrwrmvip received during Tremmrvne. A predetermined
threshold maybe set. Once this threshold isreached, the advertisementcycle Tapvmay
be adjusted to bring down the number of messages Nrwrvio to below the threshold
level Once the Nrcmvip of a potential cluster head orclusterhead hasreached the
predetemined threshold, such potential clusterhead orclusterhead may increase its
advertisement cycle Tapv to decrease the overhead. The adjustment of the
advertisement cycle may altematively be camed out independently among the
potentialclusterheadsand clusterheads.

As explained eardier, the status of a network node, as defined by the CMI
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parameter, is set external to the clustering mechanism, e.g. based on the node
capacities with regards to the given application. The CMIof potential cluster heads
and clustermembersmaybe setand changed by extemalmeansbased on the given
applic ation re quire ments.

In a furtherembodiment of the present method, a (potential) clusterhead may
be allbwed to be both a (potential) cluster head and a cluster member of another
clusterat the same time. lh orderto do so, a fourth status may be defined through an
additional CMIvalue CIIUSIER DUPLEX.

Such a membermay:

-advertise to both globalchannel(asinact 310) and clusterchannel(asin act
340 forthe keep alive message) asa (potential) clusterhead,

- listen to tsown clusterchannelforresponse message, and

-listen to another cluster channel and send RM to that cluster channel of the
clusterhead ithaschosen from its AM table asexplained before.

FIG. 4 showsan additionalembodiment ofthe present method and coresponds
to the actcamied outbya regularnode orclustermember.

Ih a preliminary act 400, the cluster formation is mitiated. I this exemplary
embodimentofthe present method, itisassumed thatno clusterexistsalready, and the
nodesin the networkare eitherregularnodes 215 orpotentialclusterhead 216 asseen
in FIG. 2.

I a further act 410, a regular node receives from the at least one potential
clusterhead an advertisement message overa first communication channel ie. the
global channel said advertisement message compmnsing the first and second
information asdescnbed in relation to FIG. 3.

In an additional act 420, the regular node wil select, based on the fist
mformation comprsed in the one ormore AMithasreceived, a potentialclusterhead
asthe head to a clustercomprsing said potentialclusterhead and said node.

In a furtheract 430, the regularnode wilbroadcast overthe clusterchannel(as
indicated from the second information) a response message RM to the elected cluster

head. The regularnode becomes a clustermemberto the clustercomprsing atleast
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itself and the elected clusterhead. The newly c lustermemberwillalso switc h to liste ning
to the clusterchannel

Ih a further act 440, the cluster member may reply to further AM (keep alive
messages) from the clusterhead durnng clustermaintenance.

Other cases, like a cluster member leaving its cluster, or a new regular node
available to join a new clusteroran existing c lusterhave been illustrated before.

A clustermembermay decide to change clusteraffiliation asitselection rules
willlead to the decision ofhopping out ofits cument cluster. The “ex”-clustermember
will resume its listening of the global channel, as all potential cluster heads and
clusterheads keep on sending AM atregularintervals on the globalchannel,. lh an
alternative embodiment, it may select a potential cluster head based on its AM
table (selecting forexample the nextin line) even ifthe table hasnotbeenupdated
since the regular node, while a cluster member, was not listening to the global
channel

FIG. 5 shows an illustration of a change of status of a node in the network. A
potential clusterhead 510, 0once elected by atleast one regularnode, will switc h its
status to cluster head 520. A cluster head 520, which no longerreceives RM from
cluster members, will switch back to the potential cluster head status after a
predetermined time.

Inanadditionalembodiment ofthe present method, a potentialclusterhead
510 maychoose to stayaspotentialclusterhead statusaswished, ormay choose to
switc h to the statusofa regularnode 530 (and may become a clustermember) ifits
capacitieshaschanged so asnotbeing able to serve as potential clusterhead, or
may choose to leave the system completely at will. .

Aregularnode 530,0once itscapacitiesimproved to having the potentialand
willto be a potential clusterhead, may change its status to potential cluster head
through extemalmeans.

The nodes of the communication network comprise one ormore processors

with portions to camy out the present method. The plurality of nodes of the present
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communication network forms a system wherein the present method may be
carried out.

Obviously, readily disc emible modific ations and vanations of the present system
are possible in light ofthe above teachings. Kistherefore to be understood that within
the scope ofthe appended claims, the present invention may be practiced otherwise
than as specifically descrbed herein. For example, whie descrbed in terms of
hardware/software componentsinteractively cooperating, tiscontemplated that the
mvention descnbed herein may be practiced entirely in software. 'The software may
be embodied in a camersuch as magnetic oroptical disks, ora radio frequency or
audio frequencycamerwave.

Thus, the foregoing discussion discloses and descrbes merely exemplary
embodimentsofthe presentinvention. Aswilbe understood by those skilled in the art,
the present invention may be embodied in otherspecific forms without departing from
the spint oressentialcharacterstics thereof. Accordingly, the disclosure ofthe present
mvention is ntended to be ilustrative, but not limiting of the scope of the present
mvention, as well as other claims. The disclosure, mcluding any readily discemible
vanants of the teachings herein, defines, in part, the scope of the foregoing claim
terminolo gy such that no inventive subject matterisdedicated to the public.

Forexample,severalparallelclustering maybe camed out when the nodesfrom
the communication network are capable of running more than one application.
Furthermore, the nodes may be vanous electronic devices, even within the same
cluster. A node may change status through the action of external means, such as a
network operator, orbased on itself, e.g. when the monitoring of a node parameter
tiggers a status change. Alow battery may force a clusterhead to lowerits ac tivity,
and switch to clustermemberforthe rest of the battery life. hcase ofa mobile cluster
head, the cluster head, showing a lower data transfer as a consequence to lower
network coverage, may change its status to cluster member. Conversely, any
mproved networkcoverage may change the statusbackto potentialclusterhead.

The section headings included herein are intended to faciltate a review but

are not intended to limit the scope of the present system. Accordingly, the
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specification and drawingsare to be regarded in an ilustrative mannerand are not
mtended to limit the scope ofthe appended claims.

I interpreting the appended claims, it should be understood that:

a)the word "compunsing”" doesnot exclude the presence of otherelementsor
actsthan those listed in a given claim;

b)the word "a"or"an" preceding an element doesnotexclude the presence
ofa plurality of such elements;

c)anyreference signsin the claimsdo not limit theirscope;

d)several 'means” may be represented by the same item or hardware or
software implemented struc ture orfunc tion;

e)any of the disclosed elements may be comprsed of hardware portions
(e.g., ncluding discrete and integrated electronic circuitry), software portions (e.g.,
computerprogramming), and any combination thereof;

f) hardware portionsmay be compnsed of one orboth ofanalog and digital
portions;

g)anyofthe disclosed devicesorportionsthereofmaybe combined together
orseparated into furtherportions unlessspecifically stated otherwise;

h) no specific sequence of acts or steps is intended to be required unless
specifically indicated; and

1) the term "plurality of' an element includes two or more of the claimed
element, and doesnot imply any particularrange of numberof elements; thatis, a
pluralty of elements can be as few as two elements, and can include an

immeasurable numberofelements.
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CIAIMS

Whatisclaimed is:
1. A method forself organizing a plurality of nodes of a communication network
into at least one cluster of nodes, the plurality of nodes comprising at least one
potential clusterhead, and being able to communic ate within the communication
network over a plurality of broadcast communication channels, said method
comprsing forsaid atleast one potentialclusterhead the actsof:

-bmwadcasting an advertisement message overa first communication ¢ hannel,
said advertisement message comprsing:

- first information related to the capacities of the potential cluster head
with regardsto a given application,

-second information related to a second communication channel over
whic h the plurality of nodescan exchange messages with said potentialc luster
head,

-receiving overthe second communication channela response message if any
from a node, said response message comprsing an indic ation that the node, based
on the first information, has selected the potential cluster head as the head to a

clustercomprising atleast said potentialclusterhead and said node.

2. The method of claim 1, further comprisng an act of sending an additional
advertisement message overthe second communication channelafterreceptionof

a response message.

3. The method of claim 2, wherein the additional advertisement message
comprises a scope defining how farfrom the potential clusterhead said additional

advertisement message isvalid, said scope cormesponding to the cluster size.

4. 'The method of claim 1, wherein the response message comprses a distance

parameterindic ating the distance from the potentialclusterhead to the node, said
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method furthercomprising anactofreceiving anadditionalresponse message from
anothernode with a distance parameterindicating a distance largerthan with the

previousresponse message.

5. The method of claim 1, further comprising the act of sending further
advertisement messagesoverthe first communication channel whethera response

message hasbeenreceived ornot, atregularintervals.

6. The method of claim 5, further comprising the act of sending additional
advertisement messages at largerintervals of time when no response message has

beenreceived aftera predetermined time.

7. 'The method ofclaim 5, furtherc omprising the actsof:

-calculating the numberofmessagesreceived by the head to the clusterovera
given period of time

-increasing the regular intervals if the number of messages is larger then a
threshold.

8. A processor for a potential cluster head in a communication network, said
communication network comprsing a plurality of nodes, said plurality of nodes
being able to self organize mto clusters and communicate within the
communication network over a plurality of broadcast communication ¢channels,
said processorcompursing:
-a portion to broadcast an advertisement message overa first communic ation
channel, said advertisement message comprsing:
- first information related to the capacities of the potential cluster head
with regardsto a given application,
-second information related to a second communication channel over
whic h the plurality of nodescan exchange messages with said potentialcluster
head,
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- a portion to receive over the second communication channel a response
message if any from a node of the plurality of nodes, said response message
comprising an indic ation thatsaid node, based on the first information, hasselected
the potentialclusterhead asthe head to a clustercomprsing atleast said potential

clusterhead and said node.

9. The processor of claim 8, further comprising a portion to send an additional
advertisement message overthe second communication channelafterreceptionof

a response message.

10. The processor of claim 9, wherein the additional advertisement message
comprises a scope defining how farfrom the potential clusterhead said additional

advertisement message isvalid, said scope cormesponding to the cluster size.

11. The processorof claim 8, wherein the response message comprses a distance
parameterindic ating the distance from the potentialclusterhead to the node, said
processor further comprising a portion to receive an additional response message
from anothernode with a distance parameterindic ating a distance largerthan that

from the previousresponse message.

12. The processor of claim 8, further comprising a portion to send further
advertisement messagesoverthe first communication channel whethera response

message hasbeenreceived ornot, atregularintervals.
13. The processor of claim 12, further comprising a portion to send additional
advertisement messages atlargerintervals of time when no response message has

beenreceived aftera predetermined time.

14. The method ofclaim 12, furthercompursing the actsof:
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-calculating the numberofmessagesreceived by the head to the clusterovera
given period of time

-increasing the regular intervals if the number of messages is larger then a
threshold.

15. A method forself organizing a plurality of nodes of a communication network
into at least one cluster of nodes, the plurality of nodes comprising at least one
potential clusterhead, and being able to communic ate within the communication
network over a plurality of broadcast communication channels, said method
comprising forone node ofsaid plurality of nodesthe actsof:

-receiving from the at least one potential cluster head an advertisement
message over a first communication channel, said advertisement message
comprsing:

- first information related to the capacities of the potential cluster head
with regardsto a given application,

-second information related to a second communication channel over
whic h the node can exchange messages with said potentialclusterhead,

- selecting, based on said first information, the potential cluster head as the
head to a clustercomprising said potentialclusterhead and said node,

-brmadcasting overthe second communication channel a response message
comprising an indication that said node hasselected the potential clusterhead as

the head to the cluster.

16. The method ofclaim 15, furthercompusing the actof:
- listening to the second communication channel forotherresponse messages

from othernodes having selected the same potential clusterhead,

17. The method of claim 16, wherein the response message comprising a distance
parameterindic ating the distance from the potentialclusterhead to the node, said

distance parameterbeing calculated from the received advertise ment message.
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18. The method ofclaim 17, furthercompunsing the actof:
-deleting the response message if another response message comprses a

distance parameterindicating a largerdistance from the selected potential cluster
head.

19. The method ofclaim 15, furthercompusing the actof:
- listening no longerto the second communic ation ¢ hannel,
-resuming the Ilistening of the first communication channel for further

advertisement message.

20. A processor fora node in a communication network comprsing a plurality of
nodes, said plurality of nodes being able to self organize into clusters and
communic ate within the communication network over a plurality of broadcast
communic ation channels, said processorcomprising:

-a portion to receive from the at least one potential cluster head an
advertisement message over a first communication channel, said advertisement
message comprising:

- first information related to the capacities of the potential cluster head
with regardsto a given application,

-second information related to a second communication channel over
whic h the node can exchange messages with said potentialclusterhead,

-aportionto select,based on said first information, the potentialclusterhead as
the head to a clustercomprising said potentialclusterhead and said node,

-a portion to broadcast over the second communication channel a response
message comprsing an indication thatsaid node hasselected the potential cluster

head asthe head to the cluster.

21. The processorofclaim 20, furthercomprising a portion to:
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- listen to the second communication channelforotherresponse messages from

othernodes having selected the same potentialclusterhead,

22. The processorofclaim 20, wherein the response message comprising a distance
parameterindic ating the distance from the potentialclusterhead to the node, said

distance parameterbeing calculated from the received advertise ment message.

23. The processorofclaim 22, furthercomprising a portion to:
-delete the response message if another response message comprises a
distance parameterindicating a largerdistance from the selected potential cluster

head.

24, The processorofclaim 20, furthercomprising a portion to:
- listen no longerto the second communication ¢ hannel,
-resume the Ilistening of the first communication channel for further

advertisement message.

25. A system forselforganizing a plurality ofnodesofa ¢ ommunic ation network into
atleastone clusterofnodes, the plurality of nodescomprising atleast one potential
cluster head and being able to communicate within the ¢communic ation network
overa plurality of broadcast communication channels, said potential cluster head
being arranged to:
-brmadcast an advertisement message over a first communication channel,
said advertisement message comprsing:
- first information related to the capacities of the potential cluster head
with regardsto a given application,
-second information related to a second communication channel over
whic h the plurality of nodescan exchange messages with said potentialc luster
head,

atleastone node begin arranged to:
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- send over the second communication channel a response message, said
response message compusing an indication that said node, based on the first
mformation, has selected the potential cluster head as the head to a cluster

comprising atleast said potentialclusterhead and said node.

26. The system of claim 25, wherein the potential clusterhead is furtheramanged to
send an additional advertisement message over the second communication

channelafterreception of a response message.

27. The system of claim 25, wherein the potential clusterhead is furtherarranged to
sending further advertisement messages over the first communication channel,

whethera response message hasbeenreceived ornot, atregularintervals.

28. The method ofclaim 27, furthercomprising the actsof:

-calculating the numberofmessagesreceived by the head to the clusterovera
given period of time

-increasing the regular intervals if the number of messages is larger then a
threshold.

29. The system of claim 25, wherein the node is further amanged to listen to the
second communication channel for other response messages from other nodes

having selected the potentialclusterhead,
30. The system of claim 29, wherein the response message comprises a distance
parameterindic ating the distance from the potentialclusterhead to the node, said

distance parameterbeing calculated from the received advertise ment message.

31. The system ofclaim 30, wherein the node is furtheramanged to:
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-delete the response message if another response message comprises a
distance parameterindicating a largerdistance from the selected potential cluster

head.
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