-1-AMETHOD AND APPARATUS FOR MANAGING COMMUNICATIONS WITHIN A
DISTRIBUTED NETWORK FIELD OF THE INVENTION The present invention generally relates to
the field of wireless communication networks. More specifically, the present invention relates to a
method and an apparatus for managing communications within a distributed network. BACKGROUND
OF THE INVENTION In some distributed systems, such as distributed command and control
systems, for example, it is known to implement a wireless network in order to enable a central unit
(e.g., a commaAdMEd HOD oA NDAPRRORW IS RO RVNIANA G PG 1O MMONICIAMTGNG! units. In

order for the distributed system | unit and each of the functional
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units (e.g. controllers, sensors, etc.) must be able to0 communicate with one another. For this purpose,
a transceiver is commonly coupled to each functional unit to enable the functional units to exchange

data, suchﬁiﬁth%l WVMiﬂﬁn parameters, with the central unit and vice-versa.

The present invention generally relates to the field of wireless communication
networks. More specifically, the present invention relates to a method and an apparatus for

managing communications within a distributed network.

BACKGROUND OF THE INVENTION

In some distributed systems, such as distributed command and control systems, for
example, it is known to implement a wireless network in order to enable a central unit (e.g.,
a command and control unit) to communicate with the physically removed functional units.
In order for the distributed system to operate, the command and control unit and each of the
functional units (e.g. controllers, sensors, etc.) must be able to communicate with one
another. For this purpose, a transceiver is commonly coupled to each functional unit to
enable the functional units to exchange data, such as control signals or operation parameters,

with the central unit and vice-versa.

Unfortunately, experience has shown, that the above described network structure
does not perform efficiently in many cases. For example, if the distance between a certain
transceiver and a central unit is too great, or if there is some other disturbance or obstacle
disturbing or preventing communications between the transceiver (and the functional unit
coupled thereto) and the central unit, the exchange of data between the central unit and the

functional unit will be hampered, as well as the operation of the system as a whole.

Theoretically, each transceiver has the ability to receive and transmit
communications arriving from one of the other transceivers within the network. Therefore,
it would seem, that a transceiver (or a sequence of transceivers) that is within range of the
central unit may be used as a relay for a transceiver(s) that is too distant to directly
communicate with the central unit. The relay transceiver(s), in this case, will receive from
the too distant transceiver communications intended to the central unit and will retransmit
the communications to the central unit, and vice-versa, if necessary. Similarly, it would

seem, that a transceiver (or a sequence of transceivers) in communication with a central unit



Unfortunately, experience has shown, that the above described network structure does not perform
efficiently in many cases. For example, if the distance between a certain transceiver and a central unit
is too great, or if there is some other disturbance or obstacle disturbing or preventing communications
between the transceiver (and the functional unit coupled thereto) and the central unit, the exchange of
data between the central unit and the functional unipwill be hampered, as well as the operation of the
system as a whole. Theoretically, each transceiver has the ability to receive and transmit
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overcome some of these problems, it has been suggested to add routers to the network. Routers are
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central unit to communicate over enhanced distances, and/or to create an alternative
communication path to bypass interference in the communication path between a certain

transceiver(s) and the central unit.

Routers however, are usually substantially more complex than the transceivers
coupled to the functional units and must include additional processing and memory
resources. In addition, routers usually include substantially sophisticated logic, which is not
necessary in transceivers. This complexity is translated not only to a substantially higher
cost, but also to a more complex setup. Thus, the introduction of routers into a wireless
network entails increased costs and necessitates a professional installation and setup, as well

as maintenance, which increase costs even further.

SUMMARY OF THE INVENTION

There is thus a need for a system, method and device to enable one or more nodes
within a network to communicate with one or more other nodes within the network which
cannot be reached via a direct transmission, for example, since the destination node or
nodes are distant, or in another example, since the there is some local interference blocking

a direct transmission to the destination node. There is a further need for such a system,



Routers however, are usually substantially more complex than the transceivers coupled to the
functional units and must include additional processing and memory resources. In addition, routers
usually include substantially sophisticated logic, which is not necessary in transceivers. This
complexity is translated not only to a substantially higher cost, but also to a more complex setup. Thus,
the introduction of routers into a wireless network entails increased costs and necessitates a
professional installation and setup, as well as maintenance, which increase costs even further.
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synchronization module may be adapted to synchronize frames across the distributed network, either
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module within the distributed network.

communication frame. The synchronization module may be adapted to synchronize frames
across the distributed network, either directly or indirectly. According to further
embodiments of the invention, the synchronization module may be adapted to bit
synchronize the communication module with at least one other communication module

within the distributed network.

According to some embodiments of the invention, the communication management
module may be adapted to configure the communication module to repeat a communication
at one or more timeslots of a frame subsequent to the initial transmission of the
communication. The communication management module may be further adapted to
configure the communication module to repeat a communication received during a certain

frame at one or more timeslots subsequent to the receipt of the communication.

The communication management module may be adapted to configure the
communication module to repeat the communication up-to the end of the frame allocated
for the communication. The communication management module may be adapted to
configure the communication module to repeat a communication up-to a predetermined
timeslot or until an indication is received that the communication was repeated by another
communication module, other than by a communication module from which the

communication was received. The communication management module is adapted to



According to some embodiments of the invention, the communication management module may be
adapted to configure the communication module to repeat a communication at one or more timeslots
of a frame subsequent to the initial transmission of the communication. The communication
management module may be further adapted to configure the communication module to repeat a
communication received during a certain frame at ope or more timeslots subsequent to the receipt of
the communication. The communication management module may be adapted to configure the
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module in the listening mode during at least two timeslots. According to some embodiments of the
invention, ddepaphéranntaay fartheminohidetiastoatyéene dignilsBhengonndeticatngrimeradgement
module may he adapted to temporarily store a communication transmitted by the communication
module while the communication module is in the listening mode.

According to some embodiments of the invention, the apparatus may further
include a storage medium. The communication management module may be adapted to
temporarily store a communication transmitted by the communication module while the

communication module is in the listening mode.

According to some embodiments of the invention, the communication management
module may adapted to instruct the communication module to repeat a communication
transmitted by the communication module in case no indication is received while the
communication module is in the listening mode that the communication was transmitted by
another communication module, other than by a communication module from which the
communication was received. The communication management module may be adapted to
switch to the communication module to a standby mode in case an indication is received
that a communication transmitted by the communication module was transmitted by another
communication module, other than the communication module from which the

communication was received, or beyond a predefined timeslot.

According to some embodiments of the preset invention, the communication
management module may be adapted to include in each communication frame a selected
number of functional timeslots and a predefined number of buffer timeslots which may be
the concluding timeslots of the frame. The communication management module may be
adapted to select the number of functional timeslots to be included in a communication

frame in accordance with the number of repetitions determined to be required to deliver the



According to some embodiments of the invention, the communication management module may
adapted to instruct the communication module to repeat a communication transmitted by the
communication module in case no indication is received while the communication module is in the
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the present invention, the systém may include at least two or more communication management
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may be adapigginalrgate for each communication within the network a communication frame
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communication modules operatively connected thereto. o
modules and two or more synchronization modules. Each of the communication
management modules may be adapted to allocate for each communication within the
network a communication frame comprised of a predetermined number of timeslots. Each
of the communication management modules may be further adapted to configurea
communication module operatively coupled thereto to repeat a communication at one or
more timeslots of the frame allocated for the communication. Each of the two or more
synchronization modules may be operatively connectable to a communication module. The

two or more synchronization modules may be adapted to synchronize frames between the

communication modules operatively connected thereto.



- 6 - BRIEF DESCRIPTION OF THE DRAWINGS In order to understand the invention and to see
how it may be carried out in practice, a preferred embodiment will now be described, by way of
non-limiting example only, with reference to the accompanying drawings, in which: FIG. 1 which is
a block diagram illustration of a node belonging to a distributed communication network, which
includes a communication module and an apparatug for managing communications within a distributed
network, in accordance with some embodiments of the present invention; FIG. 2A is a flowchart
illustrationBREFRAMESCH IPEDON QI MHE DR-AWHS@8thin a distributed network, in accordance with
some embodiments of the present invention; FIG. 2B is a flow chart illustration of some aspects of
the method of mdnagitey comdustioatidresinvithinoa aisttib ste diovetivorky iveaecoedantenyithcsome

embOdlmeep %)Srcg{e}pe% %ﬁﬁ‘g&%@h’? Qs/tfﬁnriloewge described, by way of non-limiting example only, with

reference to the accompanying drawings, in which:

FIG. 1 which is a block diagram illustration of a node belonging to a distributed
communication network, which includes a communication module and an apparatus for
managing communications within a distributed network, in accordance with some

embodiments of the present invention;

FIG. 2A is a flowchart illustration of a method of managing communications within

a distributed network, in accordance with some embodiments of the present invention;

FIG. 2B is a flow chart illustration of some aspects of the method of managing
communications within a distributed network, in accordance with some embodiments of the

present invention; and

FIG. 3 is block diagram illustration of a simplified model of distributed network 10
comprised of a plurality of nodes, each including an apparatus for managing
communications within the distributed network, according to some embodiments of the

invention;

FIG. 4 is a block diagram illustration of a distributed network in which the

apparatus in accordance with some embodiments of the present invention is implemented;

FIG. 5 is a flowchart illustration of a process of determining the initial number of
timeslots to be included in a communication frame, as part of some embodiments of the

present invention; and

FIG. 6 is a flowchart illustration of a process of dynamically adjusting the number
of timeslots to be included in a communication frame, as part of some embodiments of the

present invention.

It will be appreciated that for simplicity and clarity of illustration, elements shown
in the figures have not necessarily been drawn to scale. For example, the dimensions of
some of the elements may be exaggerated relative to other elements for clarity. Further,
where considered appropriate, reference numerals may be repeated among the figures to

indicate corresponding or analogous elements.



FIG. 3 is block diagram illustration of a simplified model of distributed network 10 comprised of a
plurality of nodes, each including an apparatus for managing communications within the distributed
network, according to some embodiments of the invention; FIG. 4 is a block diagram illustration of
a distributed network in which the apparatus in accordance with some embodiments of the present
invention is implemented; FIG. 5 is a flowchart ifustration of a process of determining the initial
number of timeslots to be included in a communication frame, as part of some embodiments of the
present invention; and FIG. 6 is a flowchart illustration of a process of dynamically adjusting the
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details. In other instances, well-known methods, procedures, components and circuits have

not been described in detail so as not to obscure the present invention.

Unless specifically stated otherwise, as apparent from the following discussions, it
is appreciated that throughout the specification discussions utilizing terms such as
"processing”, "computing", "calculating”, "determining", "generating", "assigning" or the
like, refer to the action and/or processes of a computer or computing system, or similar
electronic computing device, that manipulate and/or transform data represented as physical,
such as electronic, quantities within the computing system's registers and/or memories into

other data similarly represented as physical quantities within the computing system's

memories, registers or other such information storage, transmission or display devices.

Embodiments of the present invention may include apparatuses for performing the
operations herein. This apparatus may be specially constructed for the desired purposes, or
it may comprise a general purpose computer selectively activated or reconfigured by a
computer program stored in the computer. Such a computer program may be stored in a
computer readable storage medium, such as, but is not limited to, any type of disk including
floppy disks, optical disks, CD-ROMs, magnetic-optical disks, read-only memories (ROMs),
random access memories (RAMs) electrically programmable read-only memories
(EPROMs), electrically erasable and programmable read only memories (EEPROMs),
magnetic or optical cards, or any other type of media suitable for storing electronic

instructions, and capable of being coupled to a computer system bus.

The processes and displays presented herein are not inherently related to any
particular computer or other apparatus. Various general purpose systems may be used with
programs in accordance with the teachings herein, or it may prove convenient to construct a
more specialized apparatus to perform the desired method. The desired structure for a
variety of these systems will appear from the description below. In addition, embodiments

of the present invention are not described with reference to any particular programming



DETAILED DESCRIPTION OF THE INVENTION In the following detailed description, numerous
specific details are set forth in order to provide a thorough understanding of the invention. However, it
will be understood by those skilled in the art that the present invention may be practiced without these
specific details. In other instances, well-known methods, procedures, components and circuits have
not been described in detail so as not to obscure thg present invention. Unless specifically stated
otherwise, as apparent from the following discussions, it is appreciated that throughout the
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embodiments of the present invention are not described with reference to any particular programming
-8- invention, each copy of the apparatus 100 may be adapted to control some aspects of the

operation of the communication module 30 coupled thereto, as will be described in greater

detail hereinbelow.

In accordance with some embodiments of the present invention, each apparatus 100
for managing a communication module may include a communication management module
110 and a synchronization module 120. Reference is now additionally made to FIG. 2A,
which is a flowchart illustration of a method of managing communications within a
distributed network, in accordance with some embodiments of the present invention. In
accordance with some embodiments of the present invention, the synchronization module
120 may be adapted to synchronize the communication module 30 with each of the other
communication modules within the distributed network (block 210). For example, in
accordance with some embodiments of the present invention, each copy of the apparatus
100 may utilize the synchronization module 120 included therein to synchronize the
communication module 30 coupled thereto with each and all of the other communication

modules within the distributed network.

In accordance with further embodiments, the synchronization module 120 may be
utilized in a manner to maintain the bit synchronization of the communication modules 30

within the communication network. For example, the synchronization module 120 may be



language. It will be appreciated that a variety of programming languages may be used to implement
the teachings of the inventions as described herein. Reference is now made to FIG. 1, which is a
block diagram illustration of a node belonging to a distributed communication network, which includes
a communication module and an apparatus for managing communications within a distributed network,
in accordance with some embodiments of the preseat invention. As part of some embodiments of the
present invention, each node within a distributed network (not shown), of which the node 15 is part of,
may includeiAzednirfonicaticn ahodate:3®fAnd@copynaftiemafipakatis hobofdamanaginguéther
communication ootlftfle. As art.oftsome e&npo?%ents olf)thet. re%ent i{we tiop, th mézlynication
module 30°May be Utilized 10 communicate with oné or moré of the other nddeshn te hetwork. The
communicatienyahoduleB3¢ magvbe opexiifiely cottplen to theeepparadtstéoreramnglginghthever a
communicgion module 100 agearding (o,some embadments el e presert fiveationln gesordance
with some €mbodiments of the presenfllnven(flon, eac gt)py or the appgra us 1oy may]be adapted to
control sorMeraspegtschf dhiz ajper atishoof thetedmiopuasigatiom mnadalpré@coupyedithesetoyissiviill be
described p graafer deiall nersinbelow ;. I ageprdance il some shodiments of the present
invention, eac appara¥us 168tor managing a communication module may Inciude a communication
managemént syadbteniifiamdreodylechiOnivatipmcmodate th20cdRefeneneeos nowldddifiopaliyledade to
FIG. 28, which js 8 fiowehart usiiation of.ameino @1 managing. commupicaions wihin 2 istributed
network, in accordance with Some embodiments of the present invention. In Bccordance with some
embodimenisofutheapias entdumiees ratiansuibreasyiatiyreynzhtionzabstate, 120 wieng Henadapteitel to,
synchronizg the.communication. module 30 with each of the other communication modules within the
e T G e B o E R e
invention, emdulespyAdililerappasatos 100 thay sytiliheottieasipmc b rizaticrmmodidetib?0 neflwdied therein
to synchropize, e %@5%@"%%'0&1@@% ulg 30 C?é‘s%'ﬁ‘%&%ﬁ%%"s‘%%lleg%cﬁﬁs%ﬂ SEH af gr‘gaé%tlhgét il
communication madules within the distributed hetwork. In accordance with further em oélments,
the synchresrizatimhomodule 120 may be utilized in a manner to maintain the bit synchronization of the
communication modules 30 within the communication network. For example, the synchronization
module 120 may e ac@rdgtifigevi thefome sadivdiipeaiiion Bicapeeneithunieatiion theraemmepeaiidance with
another example..tag sypghrenization mediiedap manbe utilized.eutingai atieiadslnaeime intervals
and/or whenever a predefined criterioh or criteria is met, for example, whenever a time offset between
the commuaidatbnl fhadepazngoivatioay bame ppatBiesthivled Birsskabingdridusbsineh idnicaeicn
methods o {Gekniayes KROWBHG AIRSEHh AfehicnPa fRkiRed 10 e fubi SuRR% DipRipagnied in
the synchronization module 120 and may be utilized by the synchronization module 120 to
synchronizorhawsriingaipatisnoaisduieodolectibtedrissr &reriftiaHenst ér CormudiisaebRirebeules
within the peiaLk AnAde MaiRiRIBHR SRMRYNIKAINMAfHEs AhfuaragEN iAbusyaehranikag state,

including, but not limited to, the adjustment of an adjustable clock 125 operatively coupled to each of

the commbaidasidredodusaeatatdnioh Aplespelraeiarsangmphiib apzasicmbe dha B Ph thtcRIsemodules
according {0, spmh embedineRinielHas Rasenhiyvatiapatalble sisrissaila AIRAIRr detailherein

below.
The timeslots may be equal in length to one another and may correspond to a predetermined

fraction of the length of a communication frame. In accordance with some embodiments,
since each of the communication modules 30 within the distributed network is synchronized
with each and all of the other communication modules within the distributed network, the
beginning of each allocated frame, as well as of each timeslot of each frame, may be

synchronized throughout the network.

Reference is now made to FIG. 3, which is a block diagram illustration of a
simplified model of distributed network 10 comprised of a plurality of nodes, each
including an apparatus for managing communications within the distributed network,
according to some embodiments of the invention. Each node 15 within the network 10 may

include or be associated with the apparatus 100 for managing communications within the



In accordance with some embodiments of the present invention, the communication management
module 110 may be adapted to allocate for each communication within the network 10 a
communication frame comprised of a predetermined number of timeslots (block 220). The
communication management module 110 may be further adapted to configure the communication
module 30 coupled thereto to repeat a communication at one or more of the timeslots of the frame
allocated for that communication (block 230), as will be described in greater detail below. In
accordanceewitirisoRxele mbtzdimewishaf the prasenk inventidio, aadhdeonnrfuakicati@mitamie ey
correspond to determined amount of time. The timeslots.may be equal in lengt one another
and may L L e AR G O e TR S R g B¢
accordancepaiih wdymeoapibd dimbatsysinoaieadbnahtik copdmAripatiost sodel lesBalimthies, tie
distributed network is.synchronized with each and all of the other co nication modules within the
distributoc O T A O B R B A L B R ARt BT rame,
may be symehsoriizat throughoilbtheamstwvmikation Réfeiren o isinowemackpdold-16f Iravkiohtiag block
diagram ilustiation.ofia Smpliied nedel gf.distibuted nehyogk 40, comprised of  plralityof odes,
each mclualng an apparatusef%r managing communications within the distributed hetwar , according to
some embedaivargscohtmamantisnirbactanodd 1itewithen thdesetwoddti€ maycithglodendirbetlyssociated

with the apparatus 100 for ma ng comrpynications within. the - 10 - netwaork. Each node .15 within
the nework s A e L I s R e TR R i
communicatigriswithptethe netwagk kofcnspebs op dratipetytoouplati¢@dnerconcatiomicatidu eriddule 30.
As part of somEe é??&bo iments, the, (?gg‘rp(;ﬂu (I)C%Elgé’lsmeoc%lilé% ] 3;10 may be any presently known or yet to

. ou €rclo as . . .
be devised it fUre transceiver(s) or Simiar communication device or devices capable of

transmitting Commyncalions 1o G@&hhs%ﬁﬁQeeﬁ{ﬁ(‘?&iH%g?ss c}fSt}?e!tﬁ%ngte? WeRtigdiEgCtY; i faypable of
receiving communications from each of the other nodes 15, either directly or indirectly. According to
some emb@mmhtwoﬁmérml@demqmmm,t éacTﬁl(@ép_tyt@{l ) 2ppavatosludoakan e zidairad to
manage Sqie ASPRPA NeRerin AbiE.cAT BN IRRMAL e AR GaHPIRR [0SR A lescribed
throughout the specification. In accordance with some embddiments of the present invention, the
distribute g kasCordENgirielseae @ém@éimmttmfmé oaerear ugm_ci%ay}muﬂ@gat@osﬁmgnication
module 30,4y @GR BF HE ARPAAHSA00Ah M ANAANCh ORI 6RURE YIHRIN G REDLAHKy

according to some embodiments of the present invention. According to some embodiments of the
present ingeRtioh semes csnaeh hithRoapREptise éz_f_rthg Wwddrtagdenaganthmepedlsarne wsprltestof the
operation gf,the:giharnades drianismay eiireshiocalieptrtadianm the qierBades stonkpr
example, the central unit 20 and the other nodes 15, may be configured such that during normal
operation hﬁ)cf@pégwéé 948 aﬂh@ﬁvéhlwgoﬁﬂmﬁicat@r@wlinme%orﬁsélmka dé_mmuﬂi@aﬁzsh feceived
from the cepial b0 ollRRCUdANES With SoMmm EMORKIMAILS LR R GRENEIVANoR Shergentral
unit 20 may control the communication traffic within the network during normal operation mode in a
manner toROVHHKE Bk ofame GmbpdidiasstOEdheniafcatel BY AHiPHiIVS therdrat shdulbermvted that
itis possiblg thef the BeimAtkilRiBRd:SA% Rfdhe BRIRS dovithindbe Heiwoske alifingdbgcgntral unit

20 may, in accordance with some embodiments of the invention, be configured to operate in

accordanc@RRISthatOp rti o HidBe OfbEEReERP IS, WRYREMGHR AN giver iaeohfiiarddds mode,
etc., and thatuiing sych QOB-OR&I 3O NPEIES 19RGH RN icatgRLU Ies hay R el hifiRuld also

be noted that during any of these modes or during any other modes, the network may operate in

accordanc@ Gt B dhearRBUE MMHUAHICEIO N IFURSS UBRAWHER s R GadR HpRIE ithS dRREEE to the
normal opgratigRPeAe: @Odladvithindhe MaIMORKiACEHI NSRRI Uibaterhiodimeis ohthe

present invention, while the network is in normal operation mode, each of the nodes 15 within the

network 10)eshiRRifSitRereedtrat GRRIZDIANEP HBASSNTiuretto thaindHiing eBARNNUPRERRSHIGGEY the

network 10,@abg iBtﬁ%ﬁ%ﬁﬁﬁ&ﬁié’aﬁ@H‘ﬁ]w@iQﬁ&i?'&[ﬁﬁlwaﬁ effeeirassived ftea e canta Rt 3 and
addressed to that node. For example, the central unit 15 may transmit a communication (during the

frame allof2R&d RAFFaPCHHIHEMBRIRIA M 550 SR ISENRTK HBEY QRSEHR R RSAR B R WHE 1R central
unit certaingatacAipandRaabineLibe GamMWHeRtaniARIhexeeRtRlHNtrelbe feshinaligmmode may
retrieve data requested by the central unit, and may transmit the response back to the central unit 20
at the first tRAEXIBE 31 frame allocated for that communication. According to other embodiments of the
present invention, the central unit 20 may include additional circuitry and/or software to enable the

central unit 20 to CSRET e (SHIeMSo Y SHEGHE 19 dhfoRIGHI: HYENHEM BIelo R HERSa  Units 15.

from the central unit 20 during the normal operation mode may be addressed to a specific



In accordance with some embodiments of the present invention, the central unit 20 may be adapted to
determine the length of a frame that is to be allocated for each communication within the network. In
accordance with further embodiments of the present invention, the central unit may be adapted to
determine the number of timeslots to be included in each frame allocated for each communication
within the network. In accordance with some embodiments of the present invention the central unit 20
may be adapted to determine the number of timeslots to be included in each frame, in accordance with
the numbercdkrépetitidnshrecassaky forcdaeliveriog e contimunidativmdéotanttbe poseaniyofittienother
nodes in the network. In accordance with. some embodi ts of the present invention, as part of
detormining 116 TSt BBt B B A n o o AL R Rt TR e Retvatk. the
central unie20lnddnygintieate@rabnfiguadionayrbeesméigned ab deiesminiag dhemuibesobrepeatiions
necessary,for, defering & communicarion.to andior ram, any. obine olher nades i the nemork. I
accordance with one n n-]illml%g, exemp?ary EMBodment of the present invention, as part of the
configurati2i preceskirtieedentrahaningdfemdpserialytransgmit teneathuofthéSnodes tamwithin dhe
network a communication, to which the node.ma requested to respond by transmitting back to the
Contral T R e L e R e oD RO TR
communicatsanyeaghtbitheodedes pbotadaclide ¢arthiel ackitowdedge darmmUpinaticedivengmesiot
number during which .- 12 - the communicatiqn from the central unit was, received, and/or (either
ernatvell BP0 om e S L e T B M TR R Bl o
frame the tekenitel geicoandh umigatianswals thecedypanat thacketotréicunin@] lmnga 6, fortheh&itever
reason, the genyialunit20.doge 0gLieesive, AR AskIRisdge somapnication during s, suhsgauent
frame, the central unit may Increase the number of timeslots inclu in each frame and may
repeat thetbepmengnicatientiontiklzncacknabwigdiiercayr nulumieatibitisna ceivedratiik s oseguent frame
from that nded TR PIPGRASMAY DR ASPIRISIEY £aRh Bedf iy (NG DEMAADORCHNe
central unit 20 receives the acknow ed(ée communication from all the no es, It may determine what
number ofaédypetitidesds umeteksary to allow the central unit to communicate with each of the nodes 15
and/or what number of repetitions is necessary to allow each of the nodes 15 to communicate with the
central unit 20.  Injacgesdraemuethyivnyd prebedipsaimentBcopitreranentipivahecantiid wistriduted
network 1Q,may,be, fasexamrigARY-Kindohaeamarandiand cantrql newerki At pxpmRpleghp
command and control network may include any network including a plurality of nodes associated with
a central comaniaitencsiitiol edeiferlexiindpterdaaceevitralfurhez@mpodoncisiohghexaipld of a
command god contreh oAt MAY Be e BIRURARRS!SE NRINSHN VIR S iRE oAl &sMBng.and

control unit is the master and each of the other nodes is slave. Typically, in a distributed network, the

command agideshtratashif iwindel lecsishEibra¢brenranagieg e wpbhatennst WeekothercaosbBaend may
com mUniC@fti%lV‘QH?n@%rﬂB@&i?JéHtP‘c&’fp@éeﬁrgié?ﬁoﬂl%ﬁ%ﬁetﬁ@g@ﬁtﬁ’éﬂﬂﬁrﬂ?%r@q{?%alg@ stiyptieng,and/or

to retrieve from the node or from a device attached to a node operational data @and parameters, as well
as for othefeptipsethe numpbgcebriasslowith Ssnmechidesbiinsesbsioitite praseptdaention the central

unit 20 may, g SRECIIGREASIELRIARH ARAIXRNLIEWHNR NS MSMOUndfor HRWPYRY: SOME

embodiments of the present invention are not limited in this respect, and rather, in accordance with
some embYHRNBPHSINtHE PEESERE invention, the central unit 20 may be a dynamic network entity
which may reside with two or more ie.g. each) of the nodes at different periods of time. In accordance

with these embodielfOBIaRRE pPaSRntaRertRPL B RIRCAbHS REE @t ANGR{MRaybePBEsSEd on
amongst tyaQhimake efdhtiRPREDA%imeslots to be allocated for each communication within the

network, the central unit 20 may initiate a configuration process aimed at determining the

number of repetitions necessary for delivering a communication to and/or from any of the
other nodes in the network. In accordance with one, non-limiting, exemplary embodiment
of the present invention, as part of the configuration process, the central unit 20 may serially
transmit to each of the nodes 15 within the network a communication, to which the node
may be requested to respond by transmitting back to the central unit 20 an acknowledge
message. The central unit 20 may either instruct (through the communication) each of the

nodes 15 to include in the acknowledge communication the timeslot number during which



- 13 - such that when a frame ends the communication management module 110 allocates, either
immediately, or after a predetermined amount of time, the next frame. The communication
management module 110 may be configured to include a certain pause between subsequent frames,
for example, in order to allow the receiving node to process the received communication and to
generate a response (in case it is necessary) to thejgammunication. The length of the pause
in-between frames may be predefined. The length of the pause in-between frames may be dynamically
adjusted, fitic eccanmplm dyitiefeantrhkewih @0l ibaitesponsecreativad/oeidee afttheadtiedy nodes 15 is
incoherent qrinteliglble on i ca56 such an edensions requesisd b one efifie nodes, iy
accordanc® with 1arther emibodithents GPhE present invention, the communication management
module 1l knay kedgdaphedioiedibaate @ fracae ahlytinhke spomsie toia 2erthincese nipiforkexavple,
following the, receipt of.a communigation. in accordance with, vet futher smbadiments,of e present
invention, the Tmmuhication Mmanagemen module 110 may be a pfegl{lcl) alocate aframe only in
response tubkeqreneifrhofatbe oemuadicaitd?0fnoy thecantial onibBE. ofhispsiytbiachelghseedoh

example, ip some anaster/slave networks Whlerein tp cent{(al uqitdZO the maste{i) is the initiaH)r of all
. rFme an ma§{ repeal the C(il’Bl’Illl’l’ll auon u %Ean Nnow € mmunication dl% I'%CCIVC .
communications within-the'network 10, and each of the other nodes 15'Is configured to transmit a

communicattidre enhséquespimse th@cdmmunicatiorlites givact fsammhbeceaptalednfo2@ach thdecase, the
communicatiph management magule of.the ‘%feaTtﬁ%hh%tsre%%%%‘%h%av&ﬁod'i%%"ee”E@?{&‘i' ‘{{1%%{8{%‘. from all
the other communication management modules in the network, and may be capable of allocating a
communication dfathe nodependentlydandinetvarly nnmdsperseietia comsmatication teedivedlat the
central Unif, ., [ ASEOIIAAGE W Yshfurther pbadments. ohhe Orep Nk RYe B Nons
communication management module 110 may be adapted fo allocate less I(%r more? an a complete
sub framerfecesaaiyus kilos afcbarh themiadtiolfstwithinneingtworth, thercex@amhplef f8k communications
from the central unit to (one of) the other nodes, only some portion of a complete frame may be
allocated. In anotferasgaerdpiec thatBosnatmbielimagtb obdaptpionaliotans Sarvlie distimes ddr

communICAUANSDEHYRSN 6}5‘!‘%&%@@9&%1&%%&9&%{5%‘%{% Ing cammang,and contel ipjk20), for

example, in order to endble the copies of the controller 110 to update one another with various

operati_onaﬂf(:lf.!an‘:}@Iail‘iilj?/!@)(i1 ﬁrn@mmﬂt@l Q@%@tbp@r}aﬂmﬁﬁl@aﬁa{, %W@(M@ﬁﬁ&@@@dﬁd@%ﬁ%@me
embodimen(s,of tig RIAFER¥ENIARAUENS N REDIGR dEAMSE S DE AN UGN Masageent

modules 110 may be - 14 - configured to allow more than one communication to be transmitted and/or
repeated iRt k& egk@mple of a command and control network may be a slave/master network,

wherein the central command and control unit is the master and each of the other nodes is
slave. Typically, in a distributed network, the command and control unit will be responsible
for managing the operation of the other nodes and may communicate with the nodes for
purposes of providing the nodes with operational instructions and/or to retrieve from the
node or from a device attached to a node operational data and parameters, as well as for

other purposes.

In accordance with some embodiments of the present invention, the central unit 20
may be a specific predetermined and fixed node within the network 10. However, some
embodiments of the present invention are not limited in this respect, and rather, in
accordance with some embodiments of the present invention, the central unit 20 may be a
dynamic network entity which may reside with two or more (e.g. each) of the nodes at
different periods of time. In accordance with these embodiments of the present invention,

the function of the central unit may be passed on amongst two or more of the nodes 15.

In accordance with some embodiments of the present invention, the communication

management module 110 may be adapted to allocate frames routinely one after the other,



It should be noted that one or more components of the apparatus 100 for managing communications
within the distributed network, may be implemented as part of the central unit and may be associated
with more than one communication module 15, while retaining its functionality. Thus, it should be
further noted, that throughout the specification and the claims, any reference made to a central
apparatus for managing communications within a digtributed network or to a central component of
such apparatus may be replaceable with a plurality of copies of the same apparatus or of the same
componerdscivhicih vdside druok ateloper atvwalyundcipien hoaeaginradenadilin the déiesock anter
vice-versa. éstrrfention d abovg1 tfollo.vvilag the altloc%attion %a frar;nfe including a redefi?r}ed number
of timeslotS Tor & certain’ commiu Li%a%g’ﬁm(b %CI%IE%I}, %elc%?hmﬁrrl]iec%tiéﬁmrﬁanaaeﬁ]en "HEAUE 110
may be furiteingelapie thtalelenfifureathbecamfigurichtiomchatiudec 8Mato pplad teexetm tabeppaina
communicf'al'g?nn at pne or more aof theéirpet%lot?l thtgeframe. allocate efotgthat comwﬁnigagég)vr\e&block

mpic, 1n IECeIvin TOCESS

of
T S [0) a orae O
230). In actordance with Sdme embodiments'of the presen* invention, each communication

managemeommodigaibi Gundaly eredatpte ddspoosdiGureativei comruessaagion meduen30uccapied thereto,
to transmit.a new communication. at the first timeslot of the fr allocated for.that communication.

I acoordahte H TN Cood oA o H e pe R B TR P e
module 11ktwayrbéadeptedtobeodfigumectily cahustedhidati crx angdeleb3Otloo uptechthergt@Qoifepeat a
communicalian, at 90 ArMpre of e, imesiafs,of e fiame allgeated for ascpmpunieation following
the initial transmission of the communication. Th accordance with further embodiments of the present
invention, sathaoaniensmoat sequearademeetah deule det Olmanc biel adtapted forthnfigubedheents
communicgyig module 30.cqulef Neeio. 9. (epeat A communioatianip he.end glie frame. In
accordance withfurther embodiments of the present mvef%tlon, each communication ma%agement
module 110]nvate beladaptedytoncesfigure tthe cotam @vigetioor ercduiéectelpledineretetoipepéat a
communicafian i predeierminee imgsiol ol e rame ligeaied e communigaion,e 15 -
module 30 coup‘lledct ereto to repeat a communication at one or more of tHe timeslots of the frame
allocated forrthatwontion mvatiganehiethedidés bds ootk withaphesl nodellwbith arigimateonilyein
Comm“.”'cxaetég{)‘ Rk WRIDEL LS ApSPENG IR RRE NG OHIGLROGEE 2! %%?9%9%%? ﬁ{'é%so'[ne
embodiments of the present invention, in case a communication is received at oné of the nodés (not
the node Vibichxarglnateddine oustar(shicatimt) dikiny beoartdhe tamesibtindt €@ oiermastation the
managemehmadledi il il ARER.MAAP AdaRIGIR GenTaye e sommunlsaionmpse 30
coupled thereto to repeat the received communication at one or more timeslots of the frame
subsequerptdiheakseiptsfitia commumicdiononty agcospansselavitiafumhsreatibo dineerid Hbthe
present inygnligh, e SORMHNIGRANMADAGEMERIMAGHIEAIL.MaY headRRIthIC.canfiap he
communication module 30 coupled thereto to repeat a communication up-to a predetermined timeslot
or until an 2Adivatiohais recdilistetiaceht Boatiom ricanor ws refhenteehbyunietiien coamagamication
module, offgrthan iy g commupication medule famwbicl) e campunicalion wasiseiad.
Reference i1s now additionally made to FIG."2B, which is a flow chart fllustration of some aspects of the
method ofinsiepagiisgtbofarduritatibnhis vaspimse distritsunselnEaiionkrdacassbat Hiscecit Boine
embodiments of the present invention. In accordance with some embodiments of the present
invention, a comminkE9sdaRsay Bithedsivdyrahe conbisisernthupicalionnifseile18vcatodeidhed with a

certain nods (o740l QNSNS RRMRYNSIRNGS [AESNEAPAIAGETTHISAIRY Mgy, the

communication management module 110 associated with the receiving node 15 and coupled to or
otherwise SR5BIHRSHIARRL ForaNoHY Kol sRAGOH N ‘36%%’%@‘3&88&&5%3@@@%}%

whether theye grenamdimaiots AvalaRIRIUIRPRAIRY IS wemyeation ANAGhRI Vol sxample,

as part of determining whether there are any timeslots available for rei)eatina the communication, the

communicefiBRIAaAagEHeRt Rscdlpeteto Ihayoyese paw lRnemertHelisn herdipSddeeived
before a predetarminge.timesiotaf thentiame Allacatedientinb CRMHKNRRALON stV wie

communication module 30 may not be not allowed to repeat the communication (for example, after the
last times|8téortenanhe b otitealfomihe’@onifiupTaatRify. in order to enable the copies of the

controller 110 to update one another with various operational data and/or in order to collect
operational data, for example. In accordance with some embodiments of the present

invention, during the service frames the communication management modules 110 may be



In accordance with some embodiments of the present invention, in case it is determined that the
communication was received beyond a predetermined timeslot, and that there are no available
timeslots for repeating the communication, the communication - 16 - management module 110 may
switch the communication module 30 coupled thereto to a standby mode until the end of the frame
(block 260). In accordance with some embodimentg of the present invention, while in the standby
mode, the communication module 30 may remain passive or inactive and may only receive
communicatidingubzing pllopagmiedhhncughctienmaiivatiod @ be tidoweved andlocosgeatee withifurther
embodimettplts oft thekpresent invention, if at block 250 it is determined that there are one or more
timeslots or at'feast & predefined number of timeslots available for repeating the communication, for
example, in the cgsg wharg (e communication was reesiveq befre 2 §£%a%?§ef6§"%8 “5'91%%{8% the
communication management module 110 may configure the communication module 30 co pfed
thereto to repenttiecom mithicaticrdatohetat neorekbsegbe nnphaesiotsd(biogk 270hd cavcdrdance

with some em %%qgmsp%eogs%%%ig{@éaﬁ%ﬂ@xs&“%n%%fctp&ﬁ i&{tméjﬁggé%st?' NS0 D8 aining
communlcatlon, the communication management modu e may e a apte to SWItC?] the
communicHsidnnaioohalet BOlbospieshthadebe forthiistesfiedy thaiddi®lgbk280Y. dpeadonitazmerditth some

embomme%l&?rﬁi,tﬁﬁﬁff&%? JOYeRtion, duing P e ISteINg P odsy, E%CQHP%{H?C%?%B%@C?WW

module 110 may temporarily store the communication in a memory 130 operatively ¢ to the
communicdisonbrrieshageneshiomoduleiitd. ormseniplé siklaeppainsenaiths ornbeatjodintieats of the

present inygligfy 4PORIECEVIY &R IMHAIRA AN Ak ASIRIDBNGIBALNRie AHE Aaliable, imeslots
for repeatiﬁ%gﬂt%ég(’:omrghn%ation, t%e crgﬁmuﬁl%a%n managemen mo%le 110 mgy conf?guare the
communicaportivediedtcddashsd sieto o réheacthierkaminiedcation at the next timeslot, and at the
timeslot immediately following the transmission of the repeated communication, the controller may

switch the commuscafaH Red weos tHellietanm gt sdecar cacebral draaowinkfukitke e cpristsdiingdnts of
the present,ipRitigp. the.SRMMERICAIONMANAGAMERIRAUIBIER May PegenfighiadirMmaintain the

communication module 30 coupled thereto in the listening mode for the duration of at least two
timeslots fBIRAESH ERE waAslnissbmay e dmrindantsd. BycadlawIRg eoramamGaiing comdanication

module 303 59%@@%@&81{2{11%9&@ R9-8hifRS RGNV Umeslosfelloning dht daRsinisRioppkthe

communication, the next repeating communication module 30 may have at least one "clean" timeslot

for repeatingogcednirinicamar HeEINHRIRGK ) - dcspitnes HE B sE haddaemieths the

listening mpde the; cORA¥NIGAERNIRAIE 3 Sy isiR dnFe RRSHIAES19bNE SO yBigatiPn P ther
than by the unit from which it received the communication. If - 17 -
configure the communication module 30 coupled thereto, to transmit a new communication

at the first timeslot of the frame allocated for that communication.

In accordance with further embodiments of the present invention, each
communication management module 110 may be adapted to configure the communication
module 30 coupled thereto to repeat a communication at one or more of the timeslots of the
frame allocated for that communication following the initial transmission of the
communication. In accordance with further embodiments of the present invention, each
communication management module 110 may be adapted to configure the communication
module 30 coupled thereto to repeat a communication up-to the end of the frame. In
accordance with further embodiments of the present invention, each communication
management module 110 may be adapted to configure the communication module coupled
thereto to repeat a communication up-to a predetermined timeslot of the frame allocated for

the communication.

In accordance with yet further embodiments of the present invention, each

communication management module 110 may be adapted to configure the communication



while it is in the listening mode, the (next) repeating module does not receive an indication that the
communication was repeated by one or more of the other communication modules (other than the
communication module from which it received the communication) it may repeat the communication
after the listening mode ends and it may repeat this procedure up to the end of the frame. This way the
communication management module 110 may imprgve the chances of the transmission being
propagated, as will be explained below. In accordance with some embodiments of the present
invention, wbdelth#)comphadibaton tnoghete 3@aminithe distaningnm odendizeof ohertinridatioof the
management modple 110w cpapetalion wits e cammunication module 30 cappled iherslo, may be
adapted to li5ten to communications eing propagated over the Ntk to del}ec repeate
transmissiorigiodtik tho monumnicdtietiofb lack B&QY:r Th & repeaisddramdnuissionshmayhbe nodisative of the
communication heing sgelved andrepeated byipne or more, ghihe offier nodes 15, I agegrdance with
some embBdMents of the preser?tlmven ion, in cask the communications managemenf moddfe 110
determinesctieatdt atconenotinicatiodesvasotape atadt byhactothéginadé (bleidnmhenlisteonglonoge), the

communication management module.may be adapted to switch the communication module 30 coupled
thereto 1o ghb MIbHLES o0 (o RS B e 6 £ R RS B Venton,
each comitouricafiguren dmagementmeadote Tik@lnkay30e adgbtdd teipciude irpha nistadate (ed
elsewhere) gf, sqeh.commynisation anD,sougsponding tohe node 45 from which i, compunication
is about to be transmitted: In’accordance with further embodiments of the presentrlnvé)ntlon, whenever
a communioationngagorived icardamenunibafiothanociuled8inthes coitheu pication imandgemeset module
110 attached to, (hat gommuynication modiie. %]ﬂgf’;“%% bﬁecé’g‘%f}%g&{%g E%Iﬁ?t%{@iﬁg fomaiieh;pede the
communication Is réceived. Inaccordance with further embgdiments of the present invention, the
communicaticiulmafagepledtthroculeol fdpenay bercondigeatechtositahpiied actommadicatisomadule 30
coupled thergto ta th by.mode, only if,the gommunications management module determines
that the co%qr?h}u r%%atl%dr?é\%ggnregear(tg'e%glg?/&;n{gt efh node Tdﬁﬁ%ﬁat lcénlis}xé%r%ingéﬁ%gég dgt%er% t%?%hﬁa the node
from whiclveherconeatiomicatiodulgasatberivbanin bie dirstoptavenicatien isnabaévediaimat whech the
communicg(gil%lmﬁ&@&eéﬁdré%- gg;her communication module, the communication management
module 110 may return to block é 0 and determine whether there are any timeslots available for
repeating the comgaunicatiqn once adaithAlyAsgartaeR S fusiherempediments afdhaiBresent
invention, the communication management module 110 may return to block 250 also in case that the
only indicatfrecisaadpeatdy ratkedisdiompisng communieitions iwiboeivde rbwed aeiddekidin which
the commupleaiaRasPSBECL ARG kR PlaFtnnRACAIRRER YN B MR GRRRAIRERISAhthe
present invention, each communication management module 110 may be adapted to add or to inject
to each tretBReidEisH Aficilhs daeacHldtifentertariocemanNpoHtifoMiatiba Aereioed smpssiom
informatio,pglHgingi ARt 1ssatte pling Aodhtinenti of She HRRSPIindsRIIMKNIcation
module or to the node from which the communication is transmitted. The data relating to the
transmittingP BERGATEEYIBT IeRIdedebi NSy HiBycaHan @ eddR. dherfo worHmcHICAIBANESRE ment
modules ofihig,RoRs WhichaLe IndeeRINL A UAtlARRMISSIRG JSLJRIPTIIEHUGH COmmBLication

module or node transmitted the communication. In accordance with further embodiments of the

present inVeHtdhE fRecEGRthAHERIRISA R ayient (Crivavibeladrpird, hedetsiytretinel keddsglitional
data to a cgmmynigatigpthatiganiended frnbging dransmitiad.pythecermnssdniqajion mesulewith

which it is associated.  In accordance with some embodiments of the present invention, one or
more time8ts AaylpigsahéngesiheHietinBeie caismanticatiBlsstrarsiilaels bioonecheiBanththe

repeated tiaRsMiaRIRAAL the eommunicRinNRARiaaier AlRRRINEINRLS (aeaRRIRAlihgnode
from which the communication was received at the transmitting node). Therefore, before each

repetition 6PIRBEHAIHRMIEATIEITCINed R UM RISHsIS MR emsiRtAbtRdrame plleyaseddangtad to
determine whetheidhess, iastl! Rsefident-ornhes QtimesiRisavwiakls fasirepeaiingthived

communication again (block 270) and/or for switching the communication module 30 to the listening
mode agai'ﬁl(fﬂb Z@Q}_mumcatlon (for example, after the last timeslot of the frame allocated for the

communication).

In accordance with some embodiments of the present invention, in case it is
determined that the communication was received beyond a predetermined timeslot, and that

there are no available timeslots for repeating the communication, the communication



In accordance with some embodiments of the present invention, if it is determined at block 290, that
there is not a sufficient number of timeslots available to repeat the communication once again, the
communication management module 110 may switch the communication module 30 coupled thereto
to the standby mode until the end of the frame (block 260). If, however, it is determined that there is
still some number (including one) of timeslots availglgle for repeating the communication, the
communication management module 110 may be adapted to instruct the communication module 30
coupled thexeigrtonent norkpedtl henapwithi gt aroagainicandnf ieldds3a soffidiehtianeound af
timeslots available, may switch the communication m e.30 to the listening mode in following the
raneriss T e ST S0 e Sty oo e A S R a T S e
present invéntiomrifsahbiackn2b, itwhidie tar mhin achilday therde|stize sedfioianticatinbeneduimadlobayavailable
for repeating, the communication, byt not for syiiching the communication.module, 30,49 the istening
module, the ComMUAICATON managemenatymo%fe i may be aoaapt%d {0 RATURTEAE Communication
module 30tlcongtiedrth&deto to repeat the communication and may switch the communication module
30 to the standby mode following the repeating of the communication without switching the
communication mbaweve tio thes distemiagitbdertheacotreldincawith yiet fondbent emvisodimeiftsiof the
present ingegioBs e GommURIGAPTPARALCIEN T 9yl b RMAYReAdAPIEq SR lhg Jtening
mode for a variety of other reasons and in accordance with further criteria an f%r only some of the
communicatiobenoflilesgpforaiibbthder apptanhg ithcesponsmicntomda@veragpletoimdhe edsall. In
accordancg yih sgme EmRAUITERt o\Wae PESADLINVAIION. Ip SRMALARAR:E Ve 0aYan A1,
indication is received at block 290 that the communication was repeated while the communication
module waeimmbailistoninyarigdaldhe vodwsuhichtiary manhgeaimahe rrodolemadinrambdudentiyured to
return to SRR HIRORLNEIR AR ST Rl ARG IeSIfis L cRRALD e
communication again. Some embodiments of the present invention relating to such cases, were
discussed AbvEwittrgteate mddtaidma¢miedinsidefticaxamplengerdpeamdte irthesmissiondrecase the
only indicaigp ol <heaied SARRMISRIeN. ale e ALRRGOR b, A EAMMURIEATFD Magule from
which the communication was received. In accordance with some embodiments of the present
invention, #dapteshtrofieitel theegnbatidegited eodiainiQinakelebientinitatdistensag ieeddiseéetkg mode
for a duratiag, WhiGBERHESRADAR BN ALBIRERHIDSHGES [RUoWing caRl RIS iRMRIRRE titon of
a communication. It should be noted that in accordance with some embodiments of the present
invention, thedby {haitisgrwsiersslots Darmereis paedite fblasmpf tseporarlinisation the
managemegtmadidas,h0f t JRI0Pn soBpucRIPes R IDsIRehnRFRS AR RaRIbMDA! the

communication was repeated and letting that other unit to verify that a third unit has repeated its
transmissigpdule 110. For example, in accordance with some embodiments of the present invention,

upon receiving a communication and determining that there are available timeslots for
repeating the communication, the communication management module 110 may configure
the communication module 30 coupled thereto to repeat the communication at the next
timeslot, and at the timeslot immediately following the transmission of the repeated
communication, the controller may switch the communication module to the listening mode.
In accordance with further embodiments of the present invention, the communication
management module 110 may be configured to maintain the communication module 30
coupled thereto in the listening mode for the duration of at least two timeslots following the
transmission of a communication. By maintaining a transmitting communication module 30
in the listening mode during at least the two timeslots following the transmission of the
communication, the next repeating communication module 30 may have at least one "clean"
timeslot for repeating the communication, after which it may also switch to the listening
mode. While in the listening mode the communication module 30 may listen for repetitions

of the communication other than by the unit from which it received the communication. If



- 20 - In accordance with some embodiments of the present invention, in some cases, at a given
point in time, at a given point in time, two or more pending communications may exist within the
network. Since, in accordance with some embodiments of the present invention, during any frame only
the communication for which the frame was allocated is allowed, a priority may be required in order to
determine the order by which frames are to be alloggted for the two or more pending communications.
Thus, in accordance with some embodiments of the present invention, whenever a communication
managemeriikn iididln 106 liketaoig thadq tewcomrupoicatipmislckedted adtthetiodeard mdithtiohich it is
associatedt th%hcommunication mana emet&t module 110 may be c;[)nnfigcured to check Wit|a tpe other
. at the communication gaf rgl%te be/'I (%HC or _more¢, o € % e{ ommunication II'IlO uics ,.
communlcalﬁlon management module with e network, whether there are any other pending
communicatibaisthemgheticugnfmuthieatient fracog: froacedrdancesativahte ribodiméntiohihe prasent
invention, the co&qmunication managemen .modules 110 and thg Qodes at Whi%h a pen ing

. relpl)eat ) %omml{mca% on arter ﬁe {sterrm mogde enq%an 1t may regeaﬁ this g cedur }.’lﬁ) L.
communication exist may together or collectively decide on the priority’and allocate the communication
frames accordingénditghduldfbzennotéblithatayn decordanoaivdtiofurtsngenizodimedtdeof] tie present
invention other metﬁloq?é)r techmgu?s may be uls)ed to determir&e the.f,f'gl)wttionl wh(ilcg may occur in

ve the frans a1 elo

1mMpro nces o S$s101 ,b€1n opagated, as wi € €X ne .
some embOdimMents of the present INVERtion, Wherei two of more pending communications are

compete over a rt%‘&&%m&&*”l%ﬁﬂogof EnfdSIIGHIONGH FROVS, (G CORIHRIFRtoR; agagement
modules 110 may be configured to check for competing pending communications in-between frames,
and a specifimseniceframedndy B8 afioratdd thsteivmhdneivwehercammenddied alsoeesirent

accordance it Offer GbAUIMENTS QSR eSERLIAYERMINAEAFR.ofNE SRmIMHDiGRTian fraagement
e allowe 0oa

modules 110 may be a to Initiate a communication only in response communication
received frslapteddntistamip 2@ nmaoewidarcecinighporiza gatisooliieretiic ofeiveo rdeetetdateeniate dhe

central unifs,CommURICfoR MANAAEMERL OIS A LOomaYHe 6o Q&Hﬁe‘?r%ﬁs?ﬁﬁ\é‘ﬂ% mynications

with only one node at any point in time. In accordance with some embodiments of the present
invention, Bali¢rdvenehuhicetimmiraiersi pracoegreessoind e seeifid periow of tinvee Infdbecrdignce with

further empoAIMeRISOT G, RISRENTMKEHRL. IS IMASIAIS JPaNDEEQUR! IR QNG ANGNE Ak the

duration of each timeslot may be equal to a predefined fraction of the length of a frame. In accordance
with somecombotiierinesongie gemsehmipddatidd), daecomes dt iveomanadgaten totmeatedo may

be adapted 10 MUK, IAM ARG SR e BRI ﬁ%%fﬁ%ﬁﬁi@ﬂtﬂﬁ?ﬂ{%%\éﬂmﬁ@diﬁ@?nﬂﬁtwork

operation parameters or in accordance with other - 21 - criteria. Also, in acCordance with further
embodimebfsratrrs preswHehtemeaonnnealieaiinbenestulmadisesmedutseeia éachefipndmaydgde
modified fr@qggj{%(yg time, as will be discussed in greater detail hereinbelow.

According to some embodiments of the present invention, each communication
management module 110 may be adapted to include in the metadata (or elsewhere) of each
communication an ID corresponding to the node 15 from which the communication is about
to be transmitted. In accordance with further embodiments of the present invention,
whenever a communication is received by a communication module 30, the communication
management module 110 attached to that communication module 30 may be configured to
determine from which node the communication is received. In accordance with further
embodiments of the present invention, the communication management module 110 may be
configured to switch the communication module 30 coupled thereto to the standby mode,
only if the communications management module 110 determines that the communication
was repeated by another node (during the listening mode) other than the node from which

the communication was received in the first place.

In accordance with some embodiments of the present invention, if at block 290

during the time that the communication module is kept in the listening mode, no indication



In accordance with some embodiments of the present invention, the apparatus 100 may further include
a memory (a storage medium, for example) 130. In accordance with some embodiments of the present
invention, whenever a communication is received, the communication management module 110 may
be adapted to forward the received data to the memory 130 for temporary storage. Next, in case the
communication management module 110 determings that the received transmission is to be repeated,
the management module 110 may retrieve the data from the memory 130 and may cause the
communicaticredived ullea8fhto coansimnii diidodataattheastdrb pfaachbsequent ticesiot oidateanieother
predetermined paint during the supsequeniimesial In ascardance wilh fugher embediments of the
present invention. I case & certain noge 1 generates a communication and WIShes to transmit the
communicetéon oventhenmstoerkvilablatfarfrapeetcanheo tdoecumentiy @ bacateghior locreotdacation (for
example. singeri netiprls In i middie.of & ame which was sliacaied o, another commpinication)
the communication managemen% mo uﬁé)]ﬁf)nmayebe adap e(?%rl%emporariffllsl%o%e%e communication
in the memafyra30raintil eofbdonke 250 deoalocatethioribedymmiichicatiofia repdlafe tenmseis shaw
additionallymade (o £l &y showing allopk diaoram liystration ofa distributed neuork in which the
apparatus in accordance with'some embodiments ot the present invention is m%'lemenlted.%s part of
some embedaivedtmahthBrgretemt invantodgitbe widtriontedmbtwonke B0 O SHwwmdseft Grvén@md in which
the apparatus in accordance with some embodi of the present.invention may be implemented,
i o Rt R R AR R S e
purposes, inagesstine betowstrdasnigsions i theidine ctigw fndan den(ationonellof themetweidknnodes
320A-3200 4o the central nade, SA0: i noulbenorad hawever, tat the presantinyention isnot
limited to the managément of communication in any one part%u?ar glrectlor?/, and may be used to
manage, formxampig]aommiwhicationshfromdth &eentrhlahode 8dmapiithe retamritadodés
320A-320Q a1 frrél’&%iﬁ‘%%”&%eégn%‘ﬁ‘%&ﬁhe&% %ﬁ’i’é&*t“&‘n”%ﬁogﬁ%v 8K noded ma9ramBRIcatign npdule
coupled thereto to alfocate a communiation frame for each communiCAtion within the network and to
repeat the ccommoivigatio manageenontmuorduddstioé tivmestists wiitiearameadatipnif ghth & dnitiaistiansmission
of the co ication, | 0 ith yet further ogdi t esent invention, each
node's 3&%%%@%3%@ cér%%n%ﬁ?&%%% r%%n%rﬁgﬁomorggﬂg%nﬁg eél%rd%"g%% ﬁ%%cggfé)lguﬁri the
communicativmdarseulw itb upledtiahesatootbrirems mif athevwpssmmunication.atthiee fostitinnesiobof the
frame allo f icati ' [ - il .
commenie b o B R O At e o
allocate a fsantenftpdd@dramg fivzstiomted dtyisho doenramseniitednfieshnl q ettfovikiddié 828 aniddvhich is
addressed to the central command and control node 310, according to some embodiments of the
present invention ID@eecadfrasaeHis beda Siveedatcids thé domphieisicatbYenivile SROAQMBPRansmit
the new coppppication aithefirskimesiahetabamealacaied hydbsieem Bl pication madagement

modules. We will further assume that, for various reasons (for example, physical distance, local
interferendepetsy, WHasedmARNIEEfor IR HEHOBIDACHEy hat 1w distenrsiichtssfinapie Stinbtion
directly (infhis Ga5% {SGPIME2BAANEAVIPWIRIR 31 d HPWRV LI AREIAARES Wil RmE
embodiments of the present invention, one or more of the other nodes, for example, nodes which are
closer to_tll?é_f%’u ?@éhﬁd@tﬁf%%ﬁlwww%t%ﬁé@eww@mueﬁa%gmytréé&%e thlsO
communicafigr,dQlxhdatiatirgRHIROS AR WE: fERek 38AUME ARALHRG GABMINGALBranamited by
node 320A is received by nodes 320C and 320D. In accordance with some embodiments of the

present inf@htrRsatie Eemnorineatiot tRasaehlskAdaLie dpe fuhs b HENS SRR RYBESBZDC and

320D mayReiaRNEg wheH-f takse ;Hgdgq@my{ymmpdules of nodes 320C and 320D to repeat the
received communication at one or more timeslots of the frame allocated for that communication. In

accordance with ggrieceraRRmantshdhadeaarhiksntiepraleina rrmivHNiEatiandaegHigswithin
the network may be bit synchronized, and thus nodes 320C and 320D may transmit the repeated

communicdi8IPStirstAn iy GatfutaMos IS By irah sutRbrthel commioticattii e NetiRik 88es may

cause the gaiinaataniRSpREa MRoughimrRatvark3hchivss, HReemmniaatian dayhe
eventually reach one or more nodes which are able to directly communicate with the destination node

310, and STREETHBICEHILE) Mol d) foYalY ﬁl&@%miﬂlﬁéeﬁ‘ e pRed R Eo M s (RBEming

thatthe  (block 260). If, however, it is determined that there is still some number (including one) of

timeslots available for repeating the communication, the communication management

module 110 may be adapted to instruct the communication module 30 coupled thereto to



- 23 - communication is received before a certain timeslot), these node(s) may also repeat the
communication and cause the communication to be received at the destination node, in this case at
the command and control unit 310. In the embodiments described above, each communication
module within the network, which received a communication during a certain frame, may be configured
to repeat the communication at one or more subseggent timeslots allocated for that communication. In
accordance with these embodiments of the present invention, in addition to the node which initiated
the commupeatidr, eaamohideinodesinhich e deiwed theutticientnication duiimgslbe fiaanatddpcated

for that communlcati(l)r][hrga}élobe configured to JﬁBe?(S tpoe { onl?gunlcatlonogft: ea%h tl%ﬁslot foll%vglng the

. ay_ Switc mmunication, mo nin again owing t
receipt of tlﬁleycommunlcatlon, or examelle, antlthe end of the frame. TYSed6rdance With these

embodimetnis sof ifséo preStirtdomentidnativaripylveR2fions of the communication may be transmitted at
each timeslot of the frame, one by each node which previously received a transmission, causing both
an increase in thelmagitdaisanalth dattheot thizodigrealtino§ theeppise s i{tlestippiclatdoitk 236 &
deterioratign d@}g}&%e%at%%f( |G YPICARIESHIN dRg 40 8@%&%%‘1‘&3 %@E{ﬁ‘%ﬁ%”féf”r@g%%@%tﬂé‘ .
accordance with some embodiments of the present invention, in order to improve the sigrial amplitude
and qualitgemthentaties buffesifgrsorricdiessristivendiffraictit nn eaeh bsf 3Rdcthn imtenoagiorwdule,

man agem?#;t Baaules D% be. Adanied % SaNlaYs ﬁgnﬁgﬁa;ﬂg{%i&%i%%gg fie 88%81%%&%@0 o

modify eacn transmission or repe ition In @ manner to estructive diffraction within
network. Vanduls fétheiglessthmegide uepehtthrechioatinecdestrasdveadifivattioheiseindingi¢aitanot limited

to, indepe 0 SNy adiysing.o ifyi : it each
repeated c%)g(ridr%fg n?(?;tti(gar?gy %ﬁ@mﬁ%ﬁ%ﬁg%%ﬁ Fe %g gfaoll?égg té@gg hfég?(?ﬁg} %O%LH rﬁ% rﬂ%%ﬁ
managemewtitahoeizl| g Icconmunigiipasimdntiofe datoydissatoedingde dJonsecendbockinveithsyst the

present inygnfion, fQloWing.A B%Rﬁé‘ s@f’i‘}"eiﬁ?ﬂéﬁﬁi&ﬂ ﬁi]leacBH{H{Hﬁi@Ll‘Eﬁ}hoﬂraﬁb gg%%m&ﬁﬁg‘?ﬁ

management module 110 may be configured to switch the communication ule 30 coupled thereto
to a listeningyrisdedanieihtpwhiphihenles some oridationanodaly 80 ethreprdspaspriskiveaseatdanseaddition

to the othey peRci ABHIPRIR I9.0mIMBlRTSRIORALIS IHENIngMads: R giNEg

transmitting communication module in the passive state may allow a receiving communication module
to repeat thelyohiespaisatioremhovtiberigirtendpted. by transmissions from the transmitting

communication module. - 24 - _ . o
In accordance with some embodiments of the present invention, in some cases, even

though an indication is received at block 290 that the communication was repeated while
the communication module was in the listening mode, the communication management
module 110 may be configured to return to block 250 and to determine whether there are
sufficient available timeslots to repeat the communication again. Some embodiments of the
present invention relating to such cases, were discussed above with greater detail and may
include, for example, a repeated transmission in case the only indication of a repeated
transmission relates to a repetition by the communication module from which the

communication was received.

In accordance with some embodiments of the present invention, the controller 110
may be adapted to maintain the communication module in listening mode for a duration,
which corresponds to two or more timeslots following each transmission or repetition of a
communication. It should be noted that in accordance with some embodiments of the
present invention, that by waiting two timeslots or more it is possible for each of the
communication management modules 100 to listen for communications from the other
nodes and to verify that the communication was repeated and letting that other unit to verify

that a third unit has repeated its transmission.



According to some embodiments of the present invention, following the initial transmission of the
communication, the communication module of node 320A may be configured to repeat the
communication up-to the end of the frame (or at a predetermined number of timeslots) or until an
indication is received that the communication was repeated by another communication module, for
example, by the communication modules associateghwith nodes 320C and 320D. In case the
communication module of node 320A is configured to repeat a communication until it is repeated by
another communidatioconianitdeyoincersel eimbodimbaationtis neestre dn thetcomim samcatiasesnadule
associated with nod 329A may be.confi ur?d tcz.stoptre eatingrthe cgmmunication. i In accordance
with furthet emblelimeénts of tie hresehtinvention, Ghce the commiinication Is received at bdes 320C
and 320D ettiet coitimutheatietworbd Siesgssocatedavith wades@ROCahddaabnsmaythe posnkigured to
repeat the,communication at.one ot mare Himesiots bseduent i e receips of the gommupication. In
accordance Wl% gbme embodiments of the present invention, the Communication moduias associated
with nodesBe@&1ang3R0Y may txerequifigdiiechtdetepeditthmicenimunicationvatiahpfedete arined
number ofyimgglofs (rsto e snd ol the liame) or untl and indigation is recelved that tne,
communication was repea ecf by another communication module. owever, in accordance with further
embodimentdoditinerps e tid nuesticninthe commieicatio m notuesiassotiaedagetnano desB2OC and
320D may g ‘&8{%“9;”{1?# Et"n%%”é'é‘%%ﬁ%%? fing the commuypicatian (Kthe pniy indigation of;g rgpeated
communication refates o the communication modufe from which theé communication was received, or
in this casé&df ¢tbmionhyjidnadicaticmagéatesttontikleohi thumgabio mentdutedass obiate dwilthiihrodehG20A.

In accordanceih.same embodiments.of heipresentinvenian.dhe tumer gliimeslals ingluded
within each communication frame may be determined In accor&’anc’e with the minimal number of
repetitionspaadessarytontelisaca cormmpeticgtidiefrahe anyxof thenmpdds withimdheceewithk tma
destination e, |1 ASAANCE TR same,cRedimantz.af e presentdny et he diasiination
node for purposes of dpeterm?nlng the number of fimeslots included within each communication frame
may be a pardésulamhode opendiog-paniouiac aioge cfavt erayniples thery aromédl eetilvi ke aidewor khé-or
example,tél- tinayi e ma n control.unit, i i eé ngmber of
timeslots t %Ogﬁic%e%ﬂv%%%n t?%%ﬁ%ﬁ?ﬁ%ﬁ%@frﬂaﬁgﬁngizé%ﬁgggrgﬁﬁggﬁﬁ%%o? rg;lgr(lic({-;-fl %itﬁlthe
minimal nuevioed afcrepetitibnthae cedsalyntn dedilySreapresemh imication dtbar areyhofitie teohiwgueithin - 25

- the netwoy %Eh‘u’s%Ei"f]ICﬁ&grﬁﬁﬂe‘:%”&'ugﬂlﬁnor\yﬂ?cffeﬁﬁ%ﬁg&?ﬁ%Eﬁ%%ﬁ%%ﬁmeoPtﬁﬁ%_r nodes

within the network, In w case, the number of timeslots communication
frame mayphws ¢ taneitiod.i v aocordaece widicthendiirdroainmunsatiohsepetitnps tneves sarsttameliver a

communicgliog, A, AR A1E ARYRSHIN the newerkiaan ohihe AeL0adee il iha petwork

The discussions below relate to a scenario wherein the number of timeslots’to be included within each
communicaxgrbéraomé gigdterelinek fior soourdiarcpondtin ghe mimiriahhems bebofwepefitions ragessary to

deliver a cg &W&%@%Jéoﬂbl%@yn‘?{f\?e ezt R ARVALHA e LommaARg.and,sontigl unit

However it should be npted that, as entloned above, the present invention is not Iimlteql in' this
respect. It aovidabecraatilphpparabrdonpiscobtiordinessns kilk imting, saadhoaf theneuifintmecation

embodiments, LN RUESANIIOYSDUAN JSCHEREC NG ANIRREE IR MRS ANUMERIgRB 0.6 jncluded

within each communication f(ame is to be eterm!ned in accordance vyith the minima number of
repetitionscaeuBsBieafifn detrised itommantetionitrdh Engcepianpdaathwithinnabediawns i thany of

the other %Q&%Wi%@n%?%‘é’%émral unit's communication management module 110 may be

configured to allow for communications with only one node at any point in time.

In accordance with some embodiments of the present invention, each
communication frame may correspond to a specific period of time. In accordance with
further embodiments of the present invention, the timeslots may be equal to one another,
and the duration of each timeslot may be equal to a predefined fraction of the length of a
frame. In accordance with some embodiments of the present invention, the communication
management module 110 may be adapted to modify from time to time the length of each

frame in accordance with various network operation parameters or in accordance with other



In accordance with some embodiments of the present invention, as mentioned above, each frame may
include a predetermined number of timeslots. As part of some embodiments of the present invention,
the initial number of timeslots to be included in each communication frame may be determined during
the initialization of the network, as will be described in greater detail below. As will be further described
below, as part of further embodiments of the presentjinvention, the initial number of timeslots to be
included in each frame may be dynamically adjusted during the operation of the network.
Referencecistatay Alacldiadd&sdmoiwith igiaftowattaxdiihaatsatiothop e radessmiode thenmunitig:the initial
number of timeslots to be included in . a communication frame, as. part of some embodiments qf the
oresent VMo A L P B R e T R e SRR e L
frame mayibegindrydenilfigirempeash of the communication management modules within the network
to allocate a frame including a provisional number (n) of timeslots Nt, (block 510). The provisional
number (n) of timdslatsMdatodwithchoderidmecdimizmef thaypiseeptadetatmingble appamtys HO0for
example, progr i c t ication ma nj W%tlu W

Fowever, BT e M R
embodimetmofethbqoiasans iol/ditionssde provisionalimensiver (nyahtimesiaionolbecasoddnéebe
substantia l, for ex I ' rt [ icient br N ly.a small
number ofgéﬁﬁﬁggﬁﬁ%%n%g&%%g %N%O%{éﬂ iéc?lgzé% ?S%éﬁ%ﬁ%%%&%%en ugrcn%gg%%n aqoe} ggmeslots
is too smathto mitowithd Mirfienaempotaey ofowsgetithberd . nacessariheo walivenz gopmmuanegtionfrom any
of the nod o§ﬂiQ'Qgﬁedgﬁlﬁ\%‘?ﬁgst?g%}eﬁﬁé?%&%% ﬁﬁi%t!ﬁ'nu{l'tz&%% QE§¥§%%’)QEQ%BS Shdipeslots
to be included number will be gradually incremented until it is large enough for the communication to
reach its desdnitidh0 mayopieevhdlsodaidroatiohmearay diFie andnodylessedhsoedigureicttiecentral
unit, for example. MAYINSHGHANAELNE OPARS B.AenprAeACommLRFALoR a0dlp dlocaiea
communication frame for the transmission of the communication’(block 520). The node may transmit
the commuenidatiomiacthepoeritralunig fohexsrhpiauerid Hmedessady thecostansanivationfwitgbe
repeated (Byshe; SRuiee ARde, by AR AEsROre AkheRihsh Aodeskalans.et mersAlhe M,
timeslots included in the frame (block 530). At the end of the frame allocated for the communication,
the destinafiénwiskis rivayt s ehle e damaepaiing wikitibe thedworknOnietio fiwas reawivedat the
destination fodg, dufing-{og Allosatatliams.Aiere.akibe NinEmes!aEAl A0S framehikiarkaz40)- For
convenience purposes we assume that the destination node is the central unit. ~ In accordance with
some embidditReidF thies préeetiedni@atiohar feguteniined 4hpleerR BWDIgHSOMaeoasasitation
was not reggived 4 i desinatignacdedupage aliocated bAMEHRLAGE Af the NintiiRpslags of the
frame), the provisional number of timeslots fo be included in each frame Nt, may be incrémented by a
predetermitéd hinabectoms allenaics) feiidls geatNgnicgon.1) (block 550), and each of the
communication management modules within the network may be configﬂured to include in each frame

the increased protsieisacadhiiey afdivtabseiclogds). Brbevaas Rk dagiamiitiaHon

managemepi,rapduireitin e netmatk iheoptiaried If inclidadrepah tamedhedosreasesr
provisional number of timeslots, blocks 520-560 may be repeated over and over again, until a

communicBfoM et dBRFEH A thinydemsatich N Rartely Ot EBPRAMSH Auhs PipeHIBRa @ rame. If
it is deternmipedathleckdWshas toakomMmyFrRationwemeeRiMadalfha destinatiannede durng the

allocated frame, a predefined number of buffer timeslots may be added to the number (n+1) of

timeslots ifOMRE FESRIUDERY Mhikh MeeBiRYGRIRIGRN LS reRlvansderbatidude @ enyal m)]
(block 570)oaech eacth@fdNSlurality of network nodes 320A-320G. For convenience purposes, we

describe below transmissions in the direction from one (or more) of the network nodes
320A-320G to the central node 310. It should be noted however, that the present invention
is not limited to the management of communication in any one particular direction, and may
be used to manage, for example, communications from the central node 310 to any of the

network nodes 320A-320G or from any node to any other node within the network.

In accordance with some embodiments of the present invention, each node's 310

and 320A-320G communication management module may be adapted to configure the



- 27 - communication management modules within the network may be configured to include in each
frame the number (n+1) of timeslots in the frame during which the communication was received plus
the predefined number (m) of buffer timeslots (block 580). Reference is now made to FIG. 6, which
is a flowchart illustration of a process of dynamically adjusting the number of timeslots to be included
in a communication frame, as part of some embodinrents of the present invention. Initially, a request
may be received at one of the communication management modules to allocate a frame so that, for
example, thermomicariicatinoduiodubadpératively couplésticethe cammuiidaatan fimarkadememthmodule

may transmit al %%rinm%rﬁmalt&%rﬁ qver ép\g nﬁ,\tw%rl?o(block %Q)C In response tg theerggu%srt a féﬁéne

comprisedC8¥na preglaetﬁne number ](In+m0)r of imesls se‘?\tlts, mgﬁﬁlgllng SR e RO ercznc)f
functional timeslats biftstendranps e fidfimenhgurinban{tia) ofr e tiore sébtsdbtsymaynbatadiocdted (block

620). Nextél Ctpgr gg)mmu%g‘:atlgr% rptggrbe transmitted 1o its d?stlnzﬁ[\_tlon f% I?X"é‘{l@ﬁ'%’o t0.a g?gtgal unit, and

) ce W € embodiments ] esent. 1nve,
if necessary in oraer to eI}Jver e communlca&lon ?O ITTS d%stlna 10N, tlllqe communication may pe

repeated a®0ass?ied above@tansonmorgeoidine tirnéslotsidls imcludeptad the franfég(intoak&30).

The communication mana em?nt modu %t the qesl;[ination node, which is, in tpis cafc,q the central
. commufmcatl%n é) ule coup eret}gl) O transmit e% néw _communication he firs
unit, may be configured to determine‘whether the communication was received, and in parficular

whether thenaesominiicatiomevadoraceied e kngthenfratmwhich was allocated for the communication
(block 640). The central unit may be, in this case a master unit and each of the other nodes within the
network may be staveitiparainits pinpssethevaentidl] assitnbeidgtathsastennmaicdormtrohosigemenications

within the hy3K 39 AR GRNTIgUIE, 9 iAo ha Rosinkal ASRTMUIERIORflam,p,certein

node during a certain frame. In accordance with some embodiments of the present invention, in case a
communiceRiomwasationrdeeivead be thansaritesl rnin dgringkheofledd Allwthueki dbrslad digmsedunication,

the Centraltﬁ’é]-gqul@ﬂ %%@%‘I‘%(ﬁ@taﬂl?é&{f%%‘afef%'ﬂﬁ,“Q%rﬂmg%oE%éh‘étér%oﬁi]ﬁ’ﬁﬁﬁt@t8NH§§ L.ypber (for
example, by one) and blocks 610-640 may be repeated. In accordance with some embodiments of the
present inveriitienbl6¥ies 61188 rhay becrepdaratdntilthiécovimunideaiomisredeivétat ey central

unit during the fame AlleGeted (anL e SOMMANIGRIG s Aféslot of a frame allocated by the

communication management modules. We will further assume that, for various reasons (for
example, physical distance, local interference, etc,), the communication from node 320A
may not be able reach its final destination directly (in this case, the command and control
node 310). However, in accordance with some embodiments of the present invention, one or
more of the other nodes, for example, nodes which are closer to the source node or nodes
which are not affected by the obstruction, may receive the communication. For illustration
purposes we further assume that the communication transmitted by node 320A is received
by nodes 320C and 320D. In accordance with some embodiments of the present invention,
the communication management module of each of the receiving nodes 320C and 320D
may be configured to cause the communication modules of nodes 320C and 320D to repeat
the received communication at one or more timeslots of the frame allocated for that

communication.

In accordance with some embodiments of the present invention, all the
communication modules within the network may be bit synchronized, and thus nodes 320C
and 320D may transmit the repeated communication substantially simultaneously. By
repeating the communication the network nodes may cause the communication to spread
through the network 300. Thus, the communication may eventually reach one or more
nodes which are able to directly communicate with the destination node 310, and since that

(these) node(s) is (are) also configured to repeat the communication (assuming that the



communication, the communication management module, for example, of the central unit, may
determine whether all the functional timeslots were used to deliver the communication to the central
unit (block 660), as was discussed above as part of some embodiments of the present invention. In
accordance with some embodiments of the present invention, if it is determined that less than all the
functional timeslots were used to deliver the commupication to the central unit, the number of
functional timeslots Nfts may be reduced in accordance with the number of redundant functional
timeslots (sethfiaitativy) iblecki GO hefhe commainicatiesiananagemedt@)oduale dshepentidbunit may
configure each of the communicatign mana emetnt odules vvlth('p t[ht?1 ﬁtV\{ork to allocate from that
point onwards r?unf‘fat e ntumiser ot tmésiots |1§1%ae§< g usté%‘jefrvgmgs ifclU |hlbatt]h a jueStléld Atmber of
functional tume state Nétamandl andlocordanae vditll.some embodiments, of the present invention, if
however at block 660 it is the determined that all the functional timeslots were used to deliver the
communication tolthéheentrdodnitctive devonedication. ntanbgermenumodivie m(ldelfcem'ttbjmurtiillemay be
configured r W 0 t e huffer timeslot to

communlca%?c‘;%o{ﬁg |§2lg§%tf}r%§%:{})%d|£ %lé@%{g%egcgﬁﬁggumt %}(I:Eré@% ﬁ{1$(1$’a(:c:oréjl %H Wlth Gurther
embodimentsaf the pcegenunm;mrorﬂttr@lcommmatmlbmmgememlm@d@lle@mdefoentmltunlt may
be configuieh 0 ARIBITIN Nk AHITCLAANG L BRIRAMERIONE MeTRURRI0 AT Mfidition
communication to its destination e communication Is receive estination urlng one of the
buffer timesiots: modecwidelndeitidthds tmecombudiersion, ofatie prabentadeentibichifriseized thenication
managemeph AR IRURINER Nk ane e AU PUIEHIRSION WEle Leedadelyapie
communication to its destinat e number of functional timeslots may be| crement
accordancenwith threcommieistitedetich timesiotSallssving hstivencihedommemicativinatios Gestination
(Set Nfts tg.ndaty THEAAUTUAYIGRYRR Hhﬁ‘ﬂé‘ 'Q@é&ﬁb%‘ég'%?ﬂ e %eé}Hﬂé&lﬁléﬁEé%Pﬁ{%“g}é"s%rﬁaCh of
the communication management modules within the networ to aI ocate from that point ards (until
the numbenvfiinesio s erotitiditistaby ﬂmgnn@@mr@qhéqm@ﬁmumm@eﬁla)flmmiﬂbﬁéthﬁneslots
Nfts. I @GROIRNGe U0 QIS AMPRFIMGILS LR RISSEIRYRIPR, [ds dsipimingdhat all the
functional timeslots wére used to deliver the communication to the central unit'and that no buffer
timeslots Wertheisadge ddivandhavedityminibatioignal its dexnpapleacthehsu iibwabfrasnbsietsiNts may
remain unghaNGedi(RlotkRPh1cad @ less RALSPIAAMGHNA SRME &PARMRNE Of JhexRrESRN:
invention, for the subsequent communications, the number of timeslots selected above (whether
adjusted okln@ftwnéapb@ Wridhusiestieire thleoftansataliciie dsem xRN icaftls (MMpERIMBer of
mesiots ta AR AR e hieleduirer WIHB RSILAIN R AL l0yanpbave
been illustr described herein, many modifications, substitutions, changes, and equivalents will
now occurc@MAvEecakine diangemantt RodHEeive, ke bedapiaérstoeeniteittthéhgpprnosicrins are

intended to,6aygr allpuchmediicatinds ANcheRangem ARSIl WIERH ERE A HESRILE A e iYieHon.

destructive diffraction within the network. Various techniques may be used to reduce the
destructive diffraction, including but not limited to, independently and randomly (or pseudo
randomly) adjusting or modifying the amplitude of each repeated communication by the

communication module coupled to each of the communication management modules 110.

Also as mentioned above, according to some embodiments of the present invention,
following a repeated transmission of a communication, the communication management
module 110 may be configured to switch the communication module 30 coupled thereto to a
listening mode, during which, the communication module 30 is kept in a passive state. In
addition to the other benefits attributable to the implementation of the listening mode,
maintaining the transmitting communication module in the passive state may allow a
receiving communication module to repeat the communication without being interrupted by

transmissions from the transmitting communication module.



-30 - CLAIMS: 1. A distributed communication network comprising: a set of wireless communication
nodes including a subset of repeating nodes, wherein each of said nodes in said set is adapted to
communicate using a frame based protocol including multiple time slots; each of said repeating nodes
comprises: a communication module adapted to receive and to retransmit a communication
transmitted by another node, such that during a singhe. communication frame said communication
module is adapted to retransmit a transmission originating from only a selected transmission source,
and the selected tAarsmiiagian soureecattandjasfromf frhmeriadnaniejention, following the initial

transmission of the communication, the communication module of node 320A may be
configured to repeat the communication up-to the end of the frame (or at a predetermined
number of timeslots) or until an indication is received that the communication was repeated
by another communication module, for example, by the communication modules associated
with nodes 320C and 320D. In case the communication module of node 320A is configured
to repeat a communication until it is repeated by another communication module, once such
an indication is received, the communication module associated with node 320A may be

configured to stop repeating the communication.

In accordance with further embodiments of the present invention, once the
communication is received at nodes 320C and 320D, the communication modules
associated with nodes 320C and 320D may be configured to repeat the communication at
one or more timeslots subsequent to the receipt of the communication. In accordance with
some embodiments of the present invention, the communication modules associated with
nodes 320C and 320D may be configured to repeat the communication at a predetermined
number of timeslots (or up-to the end of the frame) or until and indication is received that
the communication was repeated by another communication module. However, in
accordance with further embodiments of the present invention, the communication modules
associated with nodes 320C and 320D may be configured to continue repeating the
communication if the only indication of a repeated communication relates to the
communication module from which the communication was received, or in this case, if the

only indication relates to the communication module associated with node 320A.

In accordance with some embodiments of the present invention, the number of
timeslots included within each communication frame may be determined in accordance with
the minimal number of repetitions necessary to deliver a communication from any of the
nodes within the network to a destination node. In accordance with some embodiments of
the present invention, the destination node for purposes of determining the number of
timeslots included within each communication frame may be a particular node or a non-
particular node, for example, any node within the network. For example, the destination
node may be a command and control unit, in which case, the number of timeslots to be
included within a communication frame may be determined in accordance with the minimal

number of repetitions necessary to deliver a communication from any of the nodes within



a synchronization module adapted to synchronize timing on said communication module such that all
the repeating nodes have synchronized timing; and wherein upon receiving a communication from a
selected source during a given frame and timeslot, directly or through a repeating node, said
communication module is adapted to allocate two or more subsequent timeslots of the given frame for
retransmission of the communication, such that at_legst two repeating nodes receiving the same
communication during a timeslot of the given frame will repeat the received transmission during at
least two atleendimeddats hkthengivaid feauah e ori2rol hith Strilbhitedt comtiounicatiom aetwatkyact diding to

claim 1, wherein sach of o ormore sepeating ipdes regelving the same eqmminigation dyring a
timeslot of the glvensframe wi concurrentfy repea fi&received transmission uring &t'18a8t Gne other
timeslot ofvivdigiveanlraonemiBhidheolistribatechgobentsntcation netvaockrdescs dnightahelammmimutherein at

a subsequent Bomrpunicgpon frame, a n?d% from amon%ic,t the subset of re efs\ﬁgleg n%des i§ha source
num %1‘ oI repetu IOI{LS nece%%rl{% Cl1VEer a commmunication . hom ﬁn (9) no etq W1 1lil
of a subsequent communication an ctions as a source node within the’communication network,

and the natle netvabrunciignedasoshsouode snedbid tingeayandvious communication frame functions as
the repeating node during the subsequent communication frame. 4. The distributed communication
network accordindte clrirnsSionhérdinvtine dientsslotseniahio eactezothenuwmiakdiont frameelatsetedheal in

length to ‘%ﬁ%lﬁ‘@eo&*}?ﬁlﬂﬂdeg&cQ&Hﬁﬁ&é‘i’éa“t@rﬁeﬁcﬁ%% Eféf%r%ﬁl%ﬁt%rg&igdg&%ﬁ%f?ftﬁ@erlx%}%gl ofan.
entire communication frame. 5. The distributed communication network according to claim 1, wherein,
upon receivimeper cnenenisatorcetsatilg dst dehiey af saivhphwzilinyioh repeating elodesnedesresihective
communicgflonpogile s Adapicehin PARSTIAS SARMABIEANRNR AL6r RO maainis.l the
frame that are subsequent to the timeslot at which the communication was received at the repeating
node. mentioned above, the present invention is not limited in this respect. It would be readily
apparent to those of ordinary skill in the art how to modify the embodiments of the present
invention discussed below in case the number of timeslots to be included within each
communication frame is to be determined in accordance with the minimal number of

repetitions necessary to deliver a communication from any of the nodes within the network

to any of the other nodes within the network.

In accordance with some embodiments of the present invention, as mentioned
above, each frame may include a predetermined number of timeslots. As part of some
embodiments of the present invention, the initial number of timeslots to be included in each
communication frame may be determined during the initialization of the network, as will be
described in greater detail below. As will be further described below, as part of further
embodiments of the present invention, the initial number of timeslots to be included in each

frame may be dynamically adjusted during the operation of the network.

Reference is now made to FIG. 5, which is a flowchart illustration of a process of
determining the initial number of timeslots to be included in a communication frame, as part
of some embodiments of the present invention. The process of determining the initial
number of timeslots to be included in each frame may begin by configuring each of the
communication management modules within the network to allocate a frame including a
provisional number (n) of timeslots Ny (block 510). The provisional number (n) of timeslots
N to be included in each frame, may be predetermined, and may be, for example,
programmed into each of the communication management units within the network.

However, the present invention is not limited in this respect. In accordance with further



-31- 6. The distributed communication network according to claim 5, wherein the communication
module of at least one of the said subset of repeating nodes is adapted to configure the respective
communication module to retransmit the communication received at the respective repeating node up
to the end of the frame allocated for the communication. 7. The distributed communication network
according to claim 5, wherein the communication nggule of at least one of said subset of repeating
nodes is adapted to configure the respective communication module to retransmit a communication up
to a predetanbidedetimm eglohoprastihaimidicatiohéSpesesuadiahtiebee pe cfvieniegdeatinghroadedhat the

communicationbwas retran [nitted y.are eatipg node othcar tl}an the.(riepeatiﬁg node from \{vhich the
. ag € substantia Sgl for.€ %mLR €5 twWo, 1n or C{. (0] %I'OVI €, an criIcien E)I'O CO 1-{1 .
communication was received. *Brhe distibiRed communiction Aetvorkaccor Ing to claim 1, wherein

at one or moxe ndges sfinadichsutieet aff repaatng nodesdtde Pespeatiive cisomsmichtion mbdute is

adapted to alter.the amplitude of each repetition of the communication. 9. The distributed .
communicNo KA TSt g RIS B S orsa & R M RS ER aam, noces,
the respeativesanynierichtion amaoiunheus cd@ptdcbto rydofnilyeatteddh evatnplitbe efreakhtoeghetition of

the communicatiog. 1 .TheO(iiilsltr.ip%%d communf'cati network r‘llgtcotrdijnegito cl(? %,mvs()téerei at at

i
C ma and contr ovisional numoer.or mes nclude 1
least one of the pI}uraIill y o repeé]tlmg nddes, the communication modufe 1s a ap ed 10 Switch to a

listening mederfaliolingratraresmissionloftaisefegitiomaod ghefoortimumioatiomication to reach its

destination.

Once the communication management modules are configured, the central unit, for
example, may instruct one of the nodes to generate a communication and to allocate a
communication frame for the transmission of the communication (block 520). The node
may transmit the communication to the central unit, for example, and if necessary, the
communication may be repeated (by the source node or by one or more of the other nodes)
at one or more of the Ny timeslots included in the frame (block 530). At the end of the
frame allocated for the communication, the destination node may be checked to determine
whether the communication was received at the destination node during the allocated frame
(at one of the Ni timeslots of the frame) (block 540). For convenience purposes we assume

that the destination node is the central unit.

In accordance with some embodiments of the present invention, if it is determined
at block 540 that the communication was not received at the destination node during the
allocated frame (at one of the Ni timeslots of the frame), the provisional number of
timeslots to be included in each frame Ny may be incremented by a predetermined number
(one or more), such that N = (n + 1) (block 550), and each of the communication
management modules within the network may be configured to include in each frame the
increased provisional number of timeslots (block 560). Once each of the communication
management modules within the network is configured to include in each frame the
increased provisional number of timeslots, blocks 520-560 may be repeated over and over
again, until a communication is received at the destination node (e.g., the central unit)
during the allocated frame. If it is determined at block 540 that the communication was
received at the destination node during the allocated frame, a predefined number of buffer
timeslots may be added to the number (n+1) of timeslots in the frame during which the

communication was received, such that N = [(n + 1) + m)] (block 570), and each of the



11. The distributed communication network according to claim 10, wherein at said at least one of the
subset of repeating nodes, the respective communication module is maintained in the listening mode
for a predetermined number of timeslots. 12. The distributed communication network according to
claim 11, wherein at said at least one of the subset of repeating nodes, the respective communication
module is maintained in the listening mode for a dupation spanning at least two timeslots. 13. The
distributed communication network according to claim 12, wherein at said at least one of the subset of
repeating noglesyiihatiespestive cemmmusdaationithodtile ir@dapted yobrepadigheedamincinidaiion an
additional timﬁ pnIIX it case tlg]at Wme tpte corl‘nrtnunit%at'%on m%dule was iﬂt e listenin ng.odew no
indication W4Ss received at the r rslpe |vengleeﬁe0a ih%] node that the communication was transmitted by
yet anothererepedtigsnbderatbénddanihpea (epedibndgfaadaedstns hick §8)communication was
received. 14. The distributed communication network according to claim 13, wherein at said at least
one of the subsetRé¢fiapeatingnosdesidsaic EEmtuwitation midodwlchistatlagreddo sivitghaeess stindby
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which the perhaiuicationbedsnedeive thopieseaism tieatsurrémtiithe slotipiktentyapeaqededined

timeslot. one of the communication management modules to allocate a frame so that, for example,
the communication module operatively coupled to the communication management module
may transmit a communication over the network (block 610). In response to the request, a
frame comprised of a predefined number (n+m) of timeslots Ny, including a selected
number (n) of functional timeslots Ngs and a predefined number (m) of buffer timeslots Ny,
may be allocated (block 620). Next, the communication may be transmitted to its
destination, for example, to a central unit, and if necessary in order to deliver the
communication to its destination, the communication may be repeated as described above at

one or more of the timeslots N included in the frame (block 630).

The communication management module at the destination node, which is, in this
case, the central unit, may be configured to determine whether the communication was
received, and in particular whether the communication was received during the frame which
was allocated for the communication (block 640). The central unit may be, in this case a
master unit and each of the other nodes within the network may be slave type units. Thus,
the central unit, being a master, may control communications within the network and may
be configured to anticipate the receipt of a communication from a certain node during a
certain frame. In accordance with some embodiments of the present invention, in case a
communication was not received at the central unit during the frame allocated for the
communication, the central unit may increment the number of functional timeslots Ngs by a
predetermined number (for example, by one) and blocks 610-640 may be repeated. In
accordance with some embodiments of the present invention, blocks 610-650 may be
repeated until the communication is received at the central unit during the frame allocated

for the communication.

In accordance with some embodiments of the present invention, in case the

communication is received at the central unit during the frame allocated for that



15. The distributed communication network according to claim 11, wherein said at least one of the
subset of repeating nodes further comprises a storage medium, and wherein the communication
module of said at least one of the subset of repeating nodes is adapted to temporarily store a
communication it transmitted while it is maintained in the listening mode. 16. The distributed
communication network according to claim 1, wherei.at at least one of the subset of repeating nodes,
the communication module is adapted to include in each communication frame a selected number of
functional ti@nﬁslm&aﬂmhatbeedﬁﬁnmmmmmmmﬁmnﬂnmm VehickaatpltheCdrcteding tinieslots of

the frame., L. Fhe distribuien.communication netwerk accerding (o claii, 16, uherein af sgid at least
one of the su%s ofnrepea INg No es “the communicaton moaudie |s & aptedff% Select the filmber of

functional timbslatsttal mindLekid 0  ashwes imunicatidn frans e imt adcanda roebadtintivesrafrtieer of

repetitions deter{mnv%d tii%nbelﬁ %téged:i to deglt\ﬁegoa}n comr QJ&%%? \/lein tpe%e%etvrxll\%rlg&g nltsi stlnatlon
18. The diStibuted EBMMUNICALOR Network accor ocfalm 17 far rcomprising: a central

communicatterminédthdias tlessdabtimatitin dfethﬁmonmmnlnmmmintsorwme ssadcetmodeliand thberein at
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according to o claim ﬁereln AtSaid at least one of Sai urall bse repea Ing noges, said

the communmatmmcammu lmaisaxctiapted mx)dd]ustmémmmlnbencmfuﬂcttonallnmﬁlﬁt@mo llhatwpxbuded in

each communlcgtlo(n f{en&e in case th numge{sof time Iot uﬁgﬁggd for deI| erin 1't mngédelcatlon

€ numper, of, time nex €S us
from the respective repeating node to the cen tral Unit ¢ an es “Fhe dit trubut d comrhunlcatlon

network ammnbmg)fdmiaumrmgtlmh@msri\&t said at least one of the subset of repeating nodes, the

communication deléICe: |§,d% dﬂ%o Iﬂgs‘g‘#ﬁ?&%ﬁ%ﬁer offf Ctl?gl |rpne,%l 8ﬁ0 1k}ehlnclu%ed in each

communication frame in Case one or more o er tlme are used to deliver the
communichliok fp6th iths réspédtiveiregetiimgihdtie fontsldwtmammts were used to deliver the

communication to the central unit, the communication management module of the central
unit may be configured to determine whether one or more of the buffer timeslots were used
to deliver the communication to its destination, in this case, the central unit (block 680). In
accordance with further embodiments of the present invention, the communication
management module of the central unit may be configured to determine that a buffer (one or
more) timeslots were used to deliver the communication to its destination if the
communication is received at the destination during one of the buffer timeslots. In
accordance with some embodiments of the present invention, if the communication
management module determines that one or more of the buffer timeslots were used to
deliver the communication to its destination, the number of functional timeslots may be
incremented in accordance with the number of the buffer timeslots used to deliver the
communication to its destination (Set Ngs to n+x). The communication management module
of the central unit may configure each of the communication management modules within
the network to allocate from that point onwards (until the number of timeslots is next

adjusted) frames including the modified number of functional timeslots N.

In accordance with some embodiments of the present invention, if it is determined
that all the functional timeslots were used to deliver the communication to the central unit
and that no buffer timeslots were used to deliver the communication to its destination, the

number of timeslots N may remain unchanged (block 695).



- 33 - 21. A method of managing communications within a distributed communication network,
comprising: communicating, using a frame based protocol including multiple time slots, among a set of
wireless communication nodes, said set including a subset of repeating nodes; receiving and
retransmitting a communication transmitted by another node, such that during a single communication
frame a transmission originating from only a selecteg transmission source is retransmitted and the
selected transmission source changes from frame to frame; synchronizing frame timing such that all
said repeating nodieadravéasyacrirbnized timhmgimmtsabﬁmiilpgsm orveaiens bsaguertistiquestots of
the given frame fO{Cra1 }(r)%gsmésglll%lnbof comit lélrye zélgt% uch lkhage?h Ieaat tv¥o ofrslz{l(i)% %ﬁtlng
nodes recelvmgl{ﬂe LA CoMmURation uring a |meslo o¥et e given frame will repea feceived
transmissiorlddeithgnathke &sinieval bitwee difioe slats @hthengtugorfsamig], thean ndeaiviigraesbmsnw bication

from a Sel%%?uocllg %Jﬂ’%%c% in eaiglavjlrllsgﬁme and timeslot, directly or through a repeating node.

While certain features of the invention have been illustrated and described herein,
many modifications, substitutions, changes, and equivalents will now occur to those skilled
in the art. It is, therefore, to be understood that the appended claims are intended to cover all

such modifications and changes as fall within the true spirit of the invention.



22. The method according to claim 21, further comprising transmitting a new communication at the first
timeslot of the frame allocated for the communication. 23. The method according to claim 22, wherein
retransmitting comprises repeating the communication through each one of the subset of repeating
nodes at one or more timeslots subsequent to receipt of the communication. 24. The method
according to claim 23, wherein retransmitting furtherzgomprises repeating the communication through
at least one of the subset of repeating nodes up to the end of the frame allocated for the
communicatidAIMS: The method according to claim 23, wherein retransmitting further comprises

repeating the communication UBMQB&E@%%%&%&Q%&H :set .of repeating nodes up to the end of

the frame allocated for the communication or until an indication is received that the communication
was repeated by ahtherHEdess SHEPIREATY AR GEAERAMIREH thEREHIPR BRREaIBRCTAS AsReived at
the respective node. 36 sdihevnethod:adcerdingiiptetain g mvhesednueipan Sraitkinghfedtheteomprises
on at least one of the supsaet of rtﬁpelag%% nloges, altering the amplitude of each repetition

. . . 1mncliuding multiple ta S101S; . . . .
communication with respect fo anypprewous communication transmitted by the same repeating node
during the current fige saigyepeating nodes comprises:

a communication module adapted to receive and to retransmit a communication
transmitted by another node, such that during a single communication frame said
communication module is adapted to retransmit a transmission originating from
only a selected transmission source, and the selected transmission source changes
from frame to frame;

a synchronization module adapted to synchronize timing on said communication
module such that all the repeating nodes have synchronized timing; and

wherein upon receiving a communication from a selected source during a given frame and
timeslot, directly or through a repeating node, said communication module is adapted
to allocate two or more subsequent timeslots of the given frame for retransmission of
the communication, such that at least two repeating nodes receiving the same
communication during a timeslot of the given frame will repeat the received

transmission during at least two other timeslots of the given frame.

2. The distributed communication network according to claim 1, wherein each of two or
more repeating nodes receiving the same communication during a timeslot of the given frame will

concurrently repeat the received transmission during at least one other timeslot of the given frame.

3. The distributed communication network according to claim 1, wherein at a subsequent
communication frame, a node from amongst the subset of repeating nodes is a source of a
subsequent communication and functions as a source node within the communication network, and
the node which functioned as a source node during a previous communication frame functions as

the repeating node during the subsequent communication frame.

4. The distributed communication network according to claim 3, wherein the timeslots within
each communication frame are equal in length to one another and each timeslot corresponds to a

predetermined fraction of the length of an entire communication frame.

5. The distributed communication network according to claim 1, wherein, upon receiving a
communication at at least one of said plurality of repeating nodes, the respective communication
module is adapted to retransmit the communication at one or more timeslots of the frame that are

subsequent to the timeslot at which the communication was received at the repeating node.



27. The method according to claim 23, further comprising switching at least one of the subset of
repeating nodes to a listening mode following a transmission of a repetition communication by the
respective repeating node. 28. The method according to claim 27, wherein switching further
comprises maintaining said at least one of the subset of repeating nodes in the listening mode for a
predetermined number of timeslots following a transgnission of a repetition of a communication by the
respective repeating node. 29. The method according to claim 28, wherein maintaining comprises
maintainingtsaid aflleadtohetaf thensulisedof repeating rndoesaritha hstemirgniiededunmgaabieast two

timeslots folloying & HapsMissignel aeasitios FOmMHNIGALoN by e [EIRAAINR IRPRAPAG;fRode.

30. The method according to claim 29, wherein retransmitting further comprises repeating the
communicatiRTHARAGATSRRIYE Iestapenihse LNBEBIcaroR hesstity AR RATHaSSRFFERR AN Y node is
in the listeniggmpgendosilyhinfeaseanaindication dsnmaaivedbthat the communication was transmitted by
another communication node, other than by a communication node from which the communication
was received at thélregetthntphocem@incarine rpiethidicheroedingi g doielainyiRrciwHeredmeomenugticating

further inclul%&ﬂ@:mgaammbaﬁ%ﬁcpgqt&a@pby\&fégéﬁﬂmgﬁsaseqsc Eipes deeiartad-numberef
functional timeslots and a selected number of buffer timeslots which are to be the concluding timeslots

of the frame O BP VA TS S L ST HNGTS BISTAPIHHI SR CohrrOr R ARFS RCYE 8 electing
the numberiofifunotionatdtimes lotthtodseerioledaatdingacic draniwnicatiomiratime wractondancalwith the

number of rﬁgg?&%@ﬁ&%&?ﬂ&%ﬁﬁ%&% UG IRASEN A RATHDLOHEANAC AR e OGtyork to its

destination. e method according to claim 32, wherein communicating further includes adjusting

the number®f funchgnaistivestoteimbaiachideshinRacheammunication fkasenincagedhamswmber of
timeslots requA'red or.deli ering a commun'catign within the network to its dde%tinat(ijon 8han es.
nodes of said subset O repeatlng nodes, the respectlve communication module 1S a apf.e to arter

the amplitude of each repetition of the communication.

9. The distributed communication network according to claim 8, wherein at at least one of
the subset of repeating nodes, the respective communication module is adapted to randomly alter

the amplitude of each repetition of the communication.

10. The distributed communication network according to claim 1, wherein at at least one of
the plurality of repeating nodes, the communication module is adapted to switch to a listening

mode following a transmission of a repetition of the communication.

11. The distributed communication network according to claim 10, wherein at said at least one
of the subset of repeating nodes, the respective communication module is maintained in the

listening mode for a predetermined number of timeslots.

12. The distributed communication network according to claim 11, wherein at said at least one
of the subset of repeating nodes, the respective communication module is maintained in the

listening mode for a duration spanning at least two timeslots.

13. The distributed communication network according to claim 12, wherein at said at least one
of the subset of repeating nodes, the respective communication module is adapted to repeat the
communication an additional time only in case that while the communication module was in the
listening mode, no indication was received at the respective repeating node that the communication
was transmitted by yet another repeating node, other than by a repeating node from which the

communication was received.

14. The distributed communication network according to claim 13, wherein at said at least one
of the subset of repeating nodes, said communication module is adapted to switch to a standby

mode in case an indication is received that a communication transmitted by the respective



34. The method according to claim 21, wherein a total number of the at least two other timeslots is
equal to a total remaining number of timeslots of the given frame, and the two or more repeating nodes
will repeat the received transmission for the remaining number of timeslots.
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repeating node was transmitted by yet another repeating node, other than by a repeating node from
which the communication was received, or in case the current timeslot is later than a predefined

timeslot.

15. The distributed communication network according to claim 11, wherein said at least one of
the subset of repeating nodes further comprises a storage medium, and wherein the communication
module of said at least one of the subset of repeating nodes is adapted to temporarily store a

communication it transmitted while it is maintained in the listening mode.

16. The distributed communication network according to claim 1, wherein at at least one of
the subset of repeating nodes, the communication module is adapted to include in each
communication frame a selected number of functional timeslots and a predefined number of buffer

timeslots which are the concluding timeslots of the frame.

17. The distributed communication network according to claim 16, wherein at said at least one
of the subset of repeating nodes, the communication module is adapted to select the number of
functional timeslots to be included in each communication frame in accordance with the number of
repetitions determined to be required to deliver a communication within the network to its

destination.

18. The distributed communication network according to claim 17, further comprising: a
central communication unit that is the destination of the communication from the source node; and
wherein at said at least one of the subset of repeating nodes, the communication module is adapted
to select the number of functional timeslots to be included in each communication frame in
accordance with the number of repetitions determined to be required to deliver the communication

from the respective repeating node to the central communication unit.

19. The distributed communication network according to claim 18, wherein at said at least one
of said plurality the subset of repeating nodes, said the communication module is adapted to adjust
the number of functional timeslots to be included in each communication frame in case the number
of timeslots required for delivering the communication from the respective repeating node to the

central unit changes.

20. The distributed communication network according to claim 19, wherein at said at least one
of the subset of repeating nodes, the communication module is adapted to adjust the number of
functional timeslots to be included in each communication frame in case one or more of the buffer
timeslots are used to deliver the communication from the respective repeating node to its

destination.
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21. A method of managing communications within a distributed communication network,
comprising:
communicating, using a frame based protocol including multiple time slots, among a set of
wireless communication nodes, said set including a subset of repeating nodes;
receiving and retransmitting a communication transmitted by another node, such that
during a single communication frame a transmission originating from only a selected
transmission source is retransmitted and the selected transmission source changes from
frame to frame;
synchronizing frame timing such that all said repeating nodes have synchronized timing;
and
allocating two or more subsequent timeslots of the given frame for retransmission of the
communication, such that at least two of said repeating nodes receiving the same
communication during a timeslot of the given frame will repeat the received
transmission during at least two other timeslots of the given frame, upon receiving a
communication from a selected source during a given frame and timeslot, directly or

through a repeating node.

22. The method according to claim 21, further comprising transmitting a new communication

at the first timeslot of the frame allocated for the communication.

23. The method according to claim 22, wherein retransmitting comprises repeating the
communication through each one of the subset of repeating nodes at one or more timeslots

subsequent to receipt of the communication.

24. The method according to claim 23, wherein retransmitting further comprises repeating the
communication through at least one of the subset of repeating nodes up to the end of the frame

allocated for the communication.

25. The method according to claim 23, wherein retransmitting further comprises repeating the
communication through at least one of the subset of repeating nodes up to the end of the frame
allocated for the communication or until an indication is received that the communication was
repeated by another node, other than by the node from which the communication was received at

the respective node.

26. The method according to claim 23, wherein retransmitting further comprises on at least
one of the subset of repeating nodes, altering the amplitude of each repetition communication with
respect to any previous communication transmitted by the same repeating node during the current

frame.
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27. The method according to claim 23, further comprising switching at least one of the subset
of repeating nodes to a listening mode following a transmission of a repetition communication by

the respective repeating node.

28. The method according to claim 27, wherein switching further comprises maintaining said
at least one of the subset of repeating nodes in the listening mode for a predetermined number of
timeslots following a transmission of a repetition of a communication by the respective repeating

node.

29. The method according to claim 28, wherein maintaining comprises maintaining said at
least one of the subset of repeating nodes in the listening mode during at least two timeslots

following a transmission of a repetition communication by the respective repeating mode.

30. The method according to claim 29, wherein retransmitting further comprises repeating the
communication through said at least one of the subset of repeating nodes, while said repeating
node is in the listening mode, only in case no indication is received that the communication was
transmitted by another communication node, other than by a communication node from which the

communication was received at the repeating node.

31. The method according to claim 21, wherein communicating further includes using a frame
based protocol wherein a frame comprises a selected number of functional timeslots and a selected

number of buffer timeslots which are to be the concluding timeslots of the frame.

32. The method according to claim 31, wherein communicating further includes selecting the
number of functional timeslots to be included in each communication frame in accordance with the
number of repetitions determined to be required to deliver a communication within the network to

its destination.

33. The method according to claim 32, wherein communicating further includes adjusting the
number of functional timeslots to be included in each communication frame, in case the number of

timeslots required for delivering a communication within the network to its destination, changes.

34, The method according to claim 21, wherein a total number of the at least two other
timeslots is equal to a total remaining number of timeslots of the given frame, and the two or more

repeating nodes will repeat the received transmission for the remaining number of timeslots.



