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FIELD OF THE INVENTION

[002] 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

[003] 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.

[004] 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.
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met hod and devi ce es robust an
coupled|tess wommmcatiahi modulsi bejonghattoviheydistibxpenaétwerk. The
comftnication management module may be adapted to allocate for a communication
within the network a communication frame comprised of a predetermined number of
timeslots. The communication management module may configure the communication
module coupled thereto to repeat the communication at one or more of the timeslots of
the frame allocated for the communication. The timeslots may, for example, be equal in
length and may each correspond to a predetermined fraction or portion of the length of a
full 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.

[011] 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
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[ 14] According to sonme enbodi nents of the invention,
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number of functional timeslots to be included in a communication frame in case the
number of timeslots required for delivering the communication to the central unit
changes. The communication management module may be adapted to adjust the number
of functional timeslots to be included in a communication frame in case one or more of

the buffer timeslots are used to deliver the communication to its destination.

[017] Further embodiments of the present invention relate to a method of managing
communications within a distributed network. According to some embodiments of the
present invention, the method of managing communication within the distributed
network may include bit synchronizing a first communication module within the
distributed network with a second communication module within the distributed
network, allocating a communication frame comprised of a predetermined number of
timeslots for a communication that is to be transmitted by the first communication
module over the network, and configuring the second communication module to repeat

the communication at one or more timeslots of the communication frame allocated for
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[021] FIG. 2A is a flowchart illustration of a method of managing communications



BRI EF DESCRI PTION OF THE DRAWNGS [19] In order to
understand the invention and to see howit may be
carried out in practice, a preferred enbodi nent wl|
now be described, by way of non-limting exanple only,
with reference to the acconpanying draw ngs, in which:
[20] FIG 1 which is a block/diagramillustration of a
node bel onging to a distributed comruni cati on network,
within chdistributedeseteorko nmuatc amibnaen with deoies. emnblodimeapaft dteupresent
. for, managi ng communi cations within a distributed
YO k, i n accordance vvith sone enbodi ments of the
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sonme enbodi nen e present I nventi
the present invention; and

[023] FIG. 3 is block diagram illustration of a simplified model of distributed network
10 corriiﬁﬁsed of a plurality of nodes, each includihg an ‘apparatus for managing
communications ‘within the distributed network, according to some embodiments of the

invention;

[024] 'FAIG. 4 is a block diagréni illustration of a distributed network in which the
apparatus in accordance with some embodiments of the present invention is

‘ ‘implemented;_‘ N

[025] . FIG. 5 is aflowchart 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

[026] 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.

[027] 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.



[22] FIG 26 is a flow chart illustration of sone
aspects of the nethod of nanagi ng comuni cati ons
within a distributed network, in accordance with sone
enbodi nents of the present invention; and [23] FIG 3
Is block diagramillustration of a sinplified nodel of
di stributed network 10 corrp‘r$sed of a plurality of
nodes, each including an apparatus for managi ng
conmuni cations within the distributed network,
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[028)v éﬁnlbssrspecitié’a'lﬂy sltzttedl\bﬂhlervhee .appppaetfesn theafollbwing discussions,
[ [ ustrat.ion, elepents shown

it P 1 o oS e EBion, BT AARS s Such s
, ,"pﬁ)‘é@isﬁlg"':@éorﬁpiﬁfﬁ@" e'icafchl%tlﬁg'"e%’ce%ﬁm‘?g" Sgéfﬁ'ﬂé?fngb heass1ﬁmng or

el ements may be exaggerated relative fo €l ene
the dke,ctedari toythe IagfrlQIh emd/on/vpmcesscsa of |ad@mqnht@tpq1r@mptmnng system, or

enence. nurrer e.at ﬁz 3%@ fi ures
st oe(rl ne tro, onic cogg%u 18% 618}4%?, tg g% or g (ga a represented
as physical, such as electronic, quantities Wlthm 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.

[029] 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-ROMSs, 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.

[030] 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



- 8 - DETAILED DESCRI PTION OF THE I NVENTION [27] In

the follow ng detail ed description, nunmerous specific
details are set forth in order to provide a thorough
under st andi ng of the invention. However, it will be
understood by those skilled in the art that the

present invention nmay be pr&cticed w thout these

specific details. In other instances, well-known

stro@tieofds a paree durtbese systemsneillt sppeead fiont the desctipien belbw. In

een descri bed i.n detail.so as not ohscure.th
dQJfiG SROAPENE PERE PIESB] I auaIs 5ok AestBRr] pribyaiegce to any
amA$n t k
Pa‘?f{cﬁ?é%%ﬁr R L QWL vilisty 3 amming
langhagsaswayrie used! fozimpgementrhesteathings of reopwsationy'ss described

'conmputing”, "calculati ng "det erm ni ng"
H’eneratl ng , "assigning" or the l'ike, refer to the

and/.or proc 0 r co utin
108f] Refkndiie 1S pairitods ELer biE B Rpodk e B atia of a node
bel@ﬁﬁh@ ubal 8isBHQT cdhRNSLAIIR Haldri, SPRiSE 8Ad18dks a5 communication

srcal, such as electronic, quant ities within the
m@@i;mllldl amg@@?@t@rfbsmng eemamditims vatoe aégstmbut@i network, in

ot he sim | ar ted as si-cal
oo idiir (TG ok icRopsiatBBY, 57 o et BNGR o Asogart of some
etrib@@lln“ﬁetnﬁi Sf e pRésesy 1n$¢tﬁibnj\/fvﬁﬂﬂ1aﬁ1bwln(ﬁie@ veifen a distributed network
ansni ssion or display devices.  [29] Enbodi nents of

(nctt ﬁbowl)e @ém @W@ AORBRS AaDart Ak MAYenalyaa R sopERRIqagPn module 30
e 8Bl T G 180 O ShaBBifh B ool miBRR A0 T part of
somt amdmdmaps |oa€ agha peseadr iaberpionp dse canmuouicetiors elodalei Mehlyay be

vated or.recon ured b 0 ter program stor
uifiEed, e B micale. Ve e sy Benb U Gt B8 ety The
coﬂnﬁnﬂlc%ﬁ&ﬁ’ %&fuw sadab! 1R SIRAARE E@ﬂﬂé&’fﬂo i %B?ﬁﬁms b4t miafaging
not limted to, any type of di'sk including Tl oppy
thed |cemmun@£ptnpn amOdulskt()O @o=rdivig, tcmgm@t ewboginicotsl oflitBk spresent
ries ndon1 ess
imfeBftR ) T FesCrEE TP PSP aRHEBra L S5 BRrGP ARepfiPrseach copy
of (HePRPMBtus ¢HE@ @ﬁefg‘ eabd teﬁrt@&ﬁﬁa'tr@l ac’ﬁﬁe RERGtsEMRB | Ppefa€iofl of the
only nmenories magneti c Or optlcal cards, or
compryninaHeR myféme of0 ﬁ@@l%d éhﬂr@tab a8 Widk bstdsserikgd in greater detail
n 0
helt%in%%fow Fﬁ iécglﬁie K ém%gg)art %@?% 5 t?onr é% gog{éé‘egmg%&eﬁg of the
ime@hso, alyeSamfawﬁstoe thanegieg theafommmﬁcatmhenmhﬂé Y00 mhpbedescribed

0, an partl cuI ar conputer or ofher par at us. Varl ous
r%tra géeh sommumication, H@SHMW%Btmths mEGYks However, it
sh(ﬂﬁ& oJed Qﬂﬁ@mﬂeahthﬁp Qcéo?éﬁﬁ%'tﬂ OfurthEr %hf?)o?iﬁ’ﬁen't of 8ife ﬁ’ﬁx@dﬁon the

convenient to construct nore specialized appar at us
appavatpe féronandgiey thesionmuinetibo dnodhife 1 e siay dd attached only to some

of the communication modules within the network and not necessarily to all of which.

here

[032] 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



- 9 - structure for a variety of these systens wl|

appear fromthe description below In addition,

enbodi ments of the present invention are not described

with reference to any particul ar progranm ng | anguage.

It will be appreciated that a variety of progranm ng

| anguages may be used to inﬁ@enent t he teachi ngs of

the inventions as described herein. [31] Reference is
30rvath eneblof the dthed colymudicationinsodaldsivaittkin dheadjstaitmited network (block

il lustration of a de pelonging to a distribute ..
21 it 2 a8 Samas b i ot QAT EraBe ISt s wrlin e disyributed
nefRAK| Br 3REMAR, APBALAINIS séfé ofMRASIMGusRdI Rogalel §ftfudes the
wthin a distributed network, in accordance with sone

comfvoiberienmanaempel modslent 10, ibe syndmonizeiopamodale E¥himay be

e et s of the present. invenil t Wo...or .nor e .
s R0 {TFEPARE Y SR fation BBl b "BuClupf bGpmuniation
mothlecWhich énélage thkScdnsmpitatiodl mammgymefiCinddelea 10. For example, in

communi ¢ation nodul e 30 and a copy of the apparatus

- acepndnnee WitenENgi P oS erfRihe Ricset iiratipe. sl cpmy of the apparatus
108 &H&%@h@%@hﬁlgﬁ%&@@ anggﬁlggbg't ﬁéﬁﬂ%& Werein B synchronize the

-

co nication "no Ized to co ni cate
comittunicatien anodube S0o€ouphel tichets witidelse iothel henmatnication modules

.The c ni cation nodul e 30 may be operatively coupl ed
Wﬁggr@ﬁﬁﬁgﬁggwg?ﬂgwﬂﬁr managi ng t he conmuni cation nodul e
100_accordi ng tqQ sone enbodi nents of the present

[03Hv & epaswdance Vet Brrthan embodiRnSotie whelsaniFatins morulerg0 may

be PARBSEMin | PHERLLO n?a?ﬁ‘tgincﬁrgybi? fsl}gﬁaﬁox?ﬂ&ﬁhan' $hel jcation _
be adapted to contr some aspetts o e operation o

mddhies ciinfzome atri db) witdlin ére30ommupicetion metvedrk, &'sr wixhinple, - the

be described, in eater detajl _hereinhel ow. For ..
sy o e | LR B v ferthedele et gipcaHon Bhg communication
fraffERR GiHEES Pﬁed@ﬁnéd‘ﬁuhﬂéf%%i‘aﬁfés. I EcBRRAEAKMD ahbther example, the

managi ng the communication nodul e 100 may be descri bed

syrebranedatign ampdlh el 0t ;ag alesh ulbreduroutiaelyoat prsdefined3me intervals

i thin the net K. wever, J1t.should be appreciated
ek e 3F a1 e T RGO B e B A BT At Fghevent
ocd s faPpafpld) svic@tvaranagd cfket b&wee e tofdiiAdhtivaehddales grows -

100 may be attached only to sonme of the conmunication

beyandup esedrtarmingd; Hiaeshaldao Merignd syishroieestion ampthpds gr 4gghniques
. A ! . ¢
ko 4] 60 preskatoon Yot 8 OCUARG B Ml BB EsS ROBBIERE R i the

syrcheqmzation aaddud 1 Do and mayrby utitieddisietha sgochruimizatidn @odule 120 to
nagenent nodul e 110 and synchroni zati on noduyl e

SY*@&rgwgf@Feﬁe@mlgnmam@%ngq | §° thgregq gvitha the  other

comffuhitatidn ambda¥e Riktin | thb Ugdehalid ARd Ob thalRhiROthe® bommunication
managi ng conmuni cations wthin a distributed network,

mdduleacaion dsubstantialish syochroramdsb diate ninsluding) Hert pnasbmited to, the
invention. In accqrdanc i sone. epbodi ts of the

iR, OF b GHEDIE HEOGy ity B SR 126yt the

cothuaianée dnfodufey NC hixQRitZRAal NApeASMYANI gat isQRCHIBY YAt -of the
10 - 30 with each of the other communi cation nodul es

copymupicatiemErodiles erenidiag theeme erbpdimsats F1tby peaseniiinyensipn shall
I t f t her, communi cati on nodul es within
bepﬁgaﬁFéﬁggﬁﬁ:%%Q%éﬁ%BW%F(?%r exanpl e, in case only

(O earBRS g atie: SrbgaRies P (e Bresett invention, the
comRataaoh ZAahtnid UhR 40 178Y nhe %éa&tdﬁﬂefloto _ ﬂqocate for a

synchroni ze_t he communi cati on nodule 30 only w _
comrwsicationmivithiva theometvotki| €0 whicommuni¢ative fiame comprised of a

MR Ry AT DBRSRE bR hE < Abforoid'tp FURR Sbottnents of

i nvention, each copy of the apparatus 100 may utilize
the synchroni zati on nodul e 120 i ncluded therein to
synchroni ze the comuni cati on nodul e 30 coupl ed
thereto with the other comunicati on nodules within
the distributed network.




[33] In accordance with further enbodi nents, the
synchroni zati on nodul e 120 may be utilized in a manner
to maintain the bit synchronization of the
conmuni cati on nodules 30 (some or all) within the
conmuni cati on network. For exanple, the
synchroni zati on nodul e 120-dhy be utilized before each
al l ocation of a conmunication frame or after a
thepmeeretfann the cnmnﬂunncalibnfrmemaganeﬂt modokorldangyebavadapted to allocate a

anot her. ex the synchroni zati gn nodul e 120 may be
copPTSEaR L BAPr (oY B SREPRLE o LTS Tty By be
codigRey efo anIGHE N HRcbrC Icb@unRRBh  Gleidls| Ein' $espBlt @F other
when ever a certain event occurs, for exanple,
cowmumésadion fypes.me of f set bet ween the conmuni cati on

nodul es grows beyond a predeterm ned threshol d.
[08&]r iThes caymohicatid abdmagenedthosguler 11 @chay dhee Suktharwaddpted to

the present or. et to e n the future may be .
cop PSR Kl ictsn BOARE B ouan dhERGG aborb & Caatyplgption at
. -onBQr Whdrk o7 eEhddotd Bpa%@WamaéatfbpfhaﬁeMﬁnﬂc%ﬁoﬁ leock 230), as

synchroni ze the comuni cati on nodul e 30 coupled

witliperdssasibatl tith gtenter detad beloyrminceendanee withiades embpﬂxmpnts of the
Lo rk an to mai.nt the copmuni cati.o
prdspf, PR 208, BN RN S SR Riadtlh AP Rrminea
aniv@ht of Mhed T tiklesloadast beevfuAf inalknad) tsbad! MotePGld may
125 operatively coupled to each of the comuni cation
cowemné@ agerdeteamied aﬁsas@e@ gr prtippef thedength o 24wl gpmprunication
o 0
B kot AR SHRRRRTH, ndeCp BB the commumication
matiubss 39seithin thegi‘miabeﬂed detvairk 1§mrnehrnnjlzedl onth eaflBddd dlhof the other -
accor dance nme s of t r.esent
coR Y GHHER G MoKHiE SOHG HECAT BT Bimit DRERAIRG of stshdpoated
fraf®, ad %11959 drQash kiffeale of @ichafreﬁﬂé“’ﬂﬁy S@E&&Brdﬁhie'&l‘ tﬂr&u‘@ﬁout the
nefwork 10 a communi cation framé conprised
nepyazkiet er mi ned nunmber of timeslots- (bl ock 220)
According to further enbodi nents of the invention,
[036le Rederomuei is atoivo madartaddGedt whixhuisea bldekndiyerbe Aliatptea of a

te icatign franme only_ for certai.n
Spg s Tiogt! OB ROMEIK B Oy B OE Grp HGie @ gdes, cach
111d1ﬁﬂlh§ AR rhtppéltaﬁﬁ Mfof HTHSIE %hﬁl’ﬂnﬁ&h@ﬁg vithh BRSBRE{buRM network,
ot hef communi cation typés. [35] The communication
acmﬁhlag doreoroe amdodienenisiofrthg itvention. tE@h ramladtSe\dlthm the network 10

ure the ca n ti on nodul | ed thereto
mao e e SesheaT O o BePeBite PO Jof BBpSine, wbirgigeations
within ahd heterial |ReBtedel 19 wilhad (1RORFBHE Eﬁdyoﬁls& bh&Q6de at least a
230), as wil] be described |nﬁ%reater detail below. In
comanmicatiog aaaiier3 & ene thenanparafms ios menaging comewaietions within the

'ne’c&b‘fﬁ ﬁgb;ﬂ{hy ﬁtﬁé{%rﬁ%[?‘]%ﬂug)?et tSQhé bt u{l&Xﬁ&fB{ ﬁﬁﬁoﬁ)d Aé’part of

somq leﬁibodllmdnes;l gtel*cohﬁnmﬁeatmnqhdsthﬂesaemnawe any p&smlydqmnaor yet
redet e ed fraction_ or portjon of the_ length of a
to E’Elqu’é ec%lmrs ﬁraflﬁ%?@r(sf AT el &SW@@HW%UH%MC or devices

e bham 4
T T e
indizectly.aand abhblefof réweiving eom:rmm:’matid)mfrd)mreanb atiltlees othiet hodes 15,

he,.di stri but ed. networ t he begi nni.n
cith ST O Pl adeer g0 Somecaumeptsas pb Hedressatigvention

eaéH g&ﬁ% SRtheP ApAXAGR QU ZRY Bk %5 Iﬁatﬁﬁg@ ]bMRI 4 ects of the
eference I's now made to FIG which is a 8

Op@matagm afribie|cousmumagaition noddude 30 epipldd féadretmasedlesglﬁbed throughout the
li trlbuted network 10 conprised of a plurality of

Sp%é E— ‘each including an apparatus for managi ng
comuni cations within the distributed network,
according to sone enbodi nents of the invention. Each
node 15 within the network 10 may include or be
associ ated with the apparatus 100 for managi ng
connunlcatlons mnthln the netmork Each node 15 mnthln

" o o I o, oy o o -




- 12 - [37] In accordance with sone enbodi nents of
the present invention, the distributed network 10 nay
include a central unit 20. The central unit 20 may
i nclude a comuni cati on nodul e 30 and a copy of the
apparatus 100 for managi ng conmuni cations within the
network according to sone etdodi nents of the pr esent
i nvention. According to sone enbodi nents of the
[03f]e de atcdrdarentwitnsonichembedimeats afrthe pRSentayvdmtion, the distributed
configured to nage and conirol_sone aspec of the
nefR ol GFYOf RN BriraranygRette T EgABLR0 mAsgielde a
comBhin®Gtioflahdifeomot hgd okheppy Ogﬁsthé5a%ﬂ:a%tusexﬁfm| ®r iBRaging
central unit 20 and the other nodes 15, may be
comppmiagtioed withih thehagtwdtk reaprdiog rfal soowecraw%memsd@ﬁ thg present

. e 15 is.allowed to,cenmuni e onlv.in response.t )

inVi8n * RelotaRe 10 U6iHe bOBSHIMA FHE R ilBnfiiD B SSh unie 20

ma3ClsD E st dMot R asepetnd daREbITBsthe agicctst dfethplopsekibn of the other
invention, the central unit 20 na%%gontrol t he

nodesRandoaey bautikizedrte collpat Hpta from threathernodged #-ngoneramle, the

cel?cpagl rlﬂﬁtl 0! o® %are bhef nﬁa&”fﬁ 1InQy ablel SN GIICX $0f tﬁ%’c cid}ﬁlg normal
ot her nodes to commini cat€ at”-any given tine. [t

opshtioh dmbde, natedet hatisi dlloweddsscdheubibat odhle hetregpokse to a

10 and _.each aof iﬂf no%g; 15 withjn éhe net wor Kk, .
COPHUIGIAY ToREVeLntea Ninicfrsy MY, 2Yn dBcBiAiOse whith some
endBABn AP AU RN SeRht t HSADAE nfrllieo Rentbf GRAT quh?a@ tBntrol the

operate in-accordance with other operation nodes, for
comymmpdation graffieritinio heretivork durthg nameberfargfionanodminreodienner to

etc., and that duri such ot he eration no ot her
UG PR BRb P 2R i B B Bl Aol motea
that Rals FossibROthan YheOhetivbAS €0 M &Bclo bf #hy hodes Aty withf¥ethe network,
. nodes, the network may operate in accordance with the
incduchpg dBenranirdarnib 70y mags Inveceqrdenser with spsnps sebodimspgs of the
- WLER T t 0 t e
ol 8 SO0 90 SAERAP A PSR R ok o,
examplend syichroadatio modenadondiiguutioh hovde] dte., smhihaeduring such other

20 .during the normal  operatjon nodé na e dr essed
opgratian s pihier REREIUPECAPR FHISS (Y ﬁ@émﬁ%gﬂ%@faﬁaﬁﬁw@ that
dudBl ahyirdrhBEseeBOd RakSnLhny BeheP ERRAL tHenlYe%%\}Bfkoﬁray hopgate in

f
whil e the network 1s in normal operation node, eac
acqondancodeith e warhdicomnhmicatibpnonles 10hick xehareli digpusded above with

entrﬁl unit 20 npg be .configured to transmt a

refaSHER e PP SOUPISHESHE work 10 only in response to
previ ous conmmuni catjon prqviding for sych a response .

(OSSP (OrFOmECET SRSUPY ff LMPERHE Rontoh 3 ogifgpunication

froff M SR hiit! AR UufRY fhe ﬁQﬁnaﬁW&ﬁn_ 1B8e GeBt b&ladiibded to a

15 may transmt a communicati uring the frame
spegifio oaded Sfwithinhthe neowenlniAcsoidirg td yetfisphecichbodmetds of the .
i nst.ructin at,. node to provide the.central unif wt
e PR R o B e e S SR E
withid@ tieemdtivadk 10N {dxcAidingt the c8@$d] iuddt 109 IndOBe coigukt ol @MBmit a
data_from storage or naé ot herwi se obtain or generate
comnmpagtne @venthe neyork ARsmly in hespeasspins erpdeRs pemplyaication
=13 - ntral_ unj 4 fir [ .ot of .
rgidite Tof FRLE setPite CitaRbulon EeBlalRRE S sfffef wnit 20 and
addyessed 46 et hedeotie exanplegihaRphtdal ahittI3em Py €5@Alit a communication
i nvention, the central unit 20 ggg i ncl ude additi ona

(dwinecte fiagnelioceed {5 thals@umpnisstion & eypedibnpdg, FHueting that
t.4 Ol ' .
o1 BioF R 2 oplBF ot IR, PAAGE B Uhdrysretufi she communication

from the central unit 15, the destination node may retrieve data from storage or may

otherwise obtain or generate a response, and may transmit the response back to the



[39] In accordance wth sonme enbodi nents of the

present invention, the central unit 20 nay be adapted

to determne the length of a frame that is to be

all ocated for a conmunication within the network. In

‘accordance with further enbodi nents of the present

i nvention, the central unitlday be adapted to

deternmi ne the nunber of timeslots to be included in a
cetitrad it 20| 20 dlzet Bt fimeslot afenfilame elhddated for theiraspohse communication.

network. I.n accordance wiih sone enbodi ments of .the
A 0 (RFE T GITRES SLLY RFGR: (V305 0p S RBRlptitl 20 may

indl€dedRidptisHan @iré iy RHABE sofBhark tTRAAKIE $hd &en@] 1u€ OIS dohtfol the
a frame, in accordance with the nunber of repetitions

othes sedesarynity 15 deto cplestlgtadtern i etherandden ot wnitsrld/ or
froma node in the network. [40] In accordance with
[03%mdn endswdinee with wine ¢nebqalimews tof ithevemsdnd mveasorp ad capftral unit

det erm ni ng .t he, nunber .of. tineslots to.be.all ocated
20(1555 2% ORI Do 6 e oo oo 1 19 By apated for a
combivnicdBoRByithiAithd aéivodk.C IR fdcBbtiAkdeORitR RRRS Serdbd®Bdledt of the -
determ ni ng the nunber of repetitions required for
prejeint ipeentieg, Becontal Mnd apdobe adspteddosleterming the nwaber1® timeslots
to et gfcﬁld%@ e1%1 ne %{ek ?%OEQ%dC o?falt %?rrn%{dn?%%n?ﬁ QGnR g Ynep\gork. In
used t0 determ ne the nunber oOf repetitions required
acdondar@e wittegdnigerab@Idents o€ el ¥8sen® irde i@ the lcefra it may be
the, other nodes in the network. In, accordance with

adggfed tohdfemmipg (hegpmbe ofsimeslpteipdoringtided &t a dgney i agsqedance
p } o ;

il e oS pBlchs SLech Py PN | OnRUARESS: tohlor from

a nodeesthe¢metwdrki n t he network a conmmuni cation, to which
the node may be requested to respond by transmtting

[04G]c Kn tapcodddan@ewithadoneneinbadin@tsacR Miwvpedgs RPSIRAGE.as part of
The, ¢entral unit 20 may either instruct (through the

deteyninipg the mypher of tmesots fe bslosated fprpajcpmynacationwighin the
i cati t ' ] ot ' i ..

A s e

ther sgmbered{ repetiiars equitddeforaldiseriag iaveinymuanicition to and/or from a

ddpti.on the central unit 20 may determ ne at i ch,
nofl hesyiBit e HoeSeind B GEPE FiERPORE deki Dt ge eteine the
nuRBEFYN PRI MGSirddeRe YRRl 4 BSmARRichBbn Whdd/@0frohN any of
case, for whatever reason, the central unit 20 does
thengther aodesy én de aetorooknl dageccontmmoe vt ooe dan-limifingh exemplary
equent. franme, .the.central upi,t 20.may.increase . the
e REA S od RS AVRRHER Heufir 1 ks RAEBRAEOE RERRG 1B Contra
uniteP@amay heer@iymitniseat itdned¢ht bf B8 AdenoVd egiglein the network a
communi cation is received at the - 14 - subsequent
compyycatippfoteh thededa maypeireqyssisdds sespend b trarsmigiingcback to
o B A B e om0 2D G Pl mstruct
(thadught the comdespication)reepcld eff eheimodestiat toninchde iaf the acknowledge

repetitions I.s necessary, to allow the central unit to
copgHiCH eF Wﬁom%@upﬁg Wibele e pmiRep etopgam the central
ml{ﬂ%%ca%d GRG0k (iRRE altSnBORES SRTY ali@itith M 63 9&6 20 may

he nodes 15 to conmmunicate with the cent unit 20.
defermaine|at vadclotivesloeofvihe rsubsequemnivanié ferndcknowletipe communication

resent, inyention, t distribute etwork 10 may be, .
e GRS S e ot A Rt AR QOPOe Cential it 20
do&e h¥P deeivBNarL %Sk EedRE EneRiiiBMRtbrA AGkEO Md ShbsBEINP Hame, the

]ggg i ncl ude any network including a plurality of nodes
CE

d@itadlenhayiindiease deneurabercafitimaerliota inrledsdt iniackh fame and may
repichf e S TR Ricaf ol ehitortvieds® ) continitieh "lscteAdved at the

sl ave/ 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
conmmand and control unit will be responsible for
managi ng the operation of the other nodes and may

o o, o o r o




[43] In accordance wth sonme enbodi nents of the

present invention, the conmmuni cation managenent nodul e

110 may be adapted to allocate frames routinely one

after the other, such that when a frane ends the

communi cati on managenent nodul e 110 all ocates, either

i mredi ately, or after a preé@ternined anount of tine,

the next frame. The comruni cati on nmanagenment nodul e
sulistQuemdyfrdnee diont itlgyimede t16. | Bhisugdecass aeayt de neprateslefor each node

.net ween subsequent franes, for exanple, in order t
wifffh o RENREEf 01 g HBGES: GeRrbCbaE. ehereb B Vi acknowledge
cofHRIASA AR ANthel KRG R 1AL dSeFRRBONER ihintbe? Qﬁereﬁt)étitions is
is necessary) to the communication. The |ength of the
negrssask th allbet the exentralamitstonepmrbenipate deith padh. ofTthe nodesyt h and/or
of th se i n-hetween fr may., b nami |y .
il plyd et 2Gednd T 2oty BT Bl SRR i pmappmicate
witlf tha cérgagponikeor ecei ved from one of the other nodes 15
is incoherent or unintelligible or in case such an

[0£K! eRSLRdAree WA S&HhE8mBYdiRRBtsTf thE'Prdd@daaventiOn, the distributed -
accordance with further enbodi nents of the present

netwpyk il may behércexampls, @ay ikinl ahaayermeand askegnérol netweak. An
e ad ed t l'] ocat frame only in,r on o .

oxBEpROAPA Shairpny 4B Ao e, PR tn 0o, 350 3B fork Spfhogine =

plealigofinedds 38ocidted Rith @lcaid @ominidnd @l chutfdli@be (for example, the

enbodi nents of the present invention, the
ceRBHiI 2021 PoROTHRAIERRMPIfeiA eonmendrayd sentee) aystvek may be a

slalvQlnfste? %%rﬁ, &B%gﬁ R0k ¥tk cBﬁﬁ%ﬁ%ﬁ?tchﬁwgﬁ%tg B‘glgtfer and

a communication fromthe centra
eatthef tha ther hodeseix alupe.e Typinalyg e andistibuttd hatwerkhahevosksand and
wher ei.n e central ynit 20 (the master)_.js the
copfici il 51 PSSl R EREIGES APRRIS Phie qehSfopesiasd may
coRRAmRAtN vath HRendeBabr PARRSes! 8f ipPo@iRE ! @ENRded Yith operational

_transmt a conmunication only in response to a
instatiensi gad/oofp retevey &dnf themmedee ordram &l deviee a@ched fo a node

t hi.s se, the communi cat, on. agenment nodul e of the
opedfiond] A3 nfl sy SR aGH 43 Lah 1 Par RO SN | qur at i on
d.possibly a.different conbi nation of conponent .
1044}5 A8 BFrite i Lo R G e OGSt corpal unie
20NBAYBE K.spahific EBf?éﬁe’Eé?mﬁfé@ ahh gixefl UL 9GaLA B Rtwork 10. However,

cormuni cation frame independently (and not only in .
some spbndignants ef the preserit deention prsowit Visdtedtin thieraspent.raal rather, in

unit). .[44] | n aceordan with yet further .
ac i i s S REERPLERE ekl st % centra unit 20 may be
a GAEMhEdLIONtIRRGGIENRAY 1statd withihGbmerf the danted gt Gach) of
allocate less (or nore) than a full frame for various
thadadgs a9 nesrmove Eemioan 8odq forAnathenat ¢ifereat Reriods pf time.
exanpl e, for communications fromthe central unit to :
[043nén ofgcordamcot With soues emboetimentheohdhei preseift anvention, the

conplet.e frame may be, al ated. | ot her exanmple, .
cof RGP S PEFertatt oy, A Bl e P PPl e By wgsinely
oné e 3hé Qthes OFUBANTHaAWHASa BRinseeitdst e QimmBfiatRRdfSndsement

(including with the command and control wunit 20), for
mashlanbl allqeatesy either ipmedialilye of plerc piedeteppingdh amount of time, the

| . . i 1 .
ne§RhS T ochhtuhiPaRiip BRen Bt AGRAL YFo HAPBE Shnilllh to incluce
a cepaihgausyisdtweat subséquenteficangy, €or dxampl; of cRlB® aMokwhths eetRiving

nbodi nents of the present jnvention, during the | o
104% fQ, PRASCTS, RABSCH YRS CHHmHFaton; AW ResrAgER A ICPORTS @ case it is
. od 1
e o (ARG, e (T Rh PR T 80cen fame may be
pradaBnerkt Wbe kengt d6ihelgauschimdbedwben frameg ntalydte dymemdvallgeadgsted,
conponents of the apparatus 100 for nmanagi ng

communi cations within the distributed netwrk, may be

centrally inplemented and may be part of the centra

unit. In accordance with this optional inplenentation

the conponents of the apparatus 100 may interact with

o -




- 16 - nodul es 15 associated with the central unit
substantially as described above with reference to
enbodi ments of the invention wherein the conponents of
apparatus 100 and their functionality are integrated
as part of or directly associated with the
conmmuni cation nodul e 15. Actdrdingly, it shoul d be
appreci ated that as part of sonme enbodi nents of the
fori exvmptei, by tieaestralf urtitzo) id anmpnnsmsca'vmw fpomfone of ttenehdrtpdes 15

an appar at r man conmmunl cat l.ons in the
is RopRr B S DL " Hor o Urhgn CEIRPIaN 15 Moyt bR ouh Of the
nolQ! emaaRlRdarRe Raht fiffhePlebbddnens! Gt it Wodelt dnvention, the

central command and control unit, and simlarly
commmc@tnmg ntaajagamnqm énocbm)bbﬂ mepit be adaptadetoi allosatei o frame only in

resggx}]ste tf(»’) ;lcte S nFtO 2(? nts a %ﬁovfgﬁg:ﬁél 1%@9’1' t ﬁ%coxggumcatmn In

acébrddncé thegbt a’@ldh@%nﬂﬁfdimﬁfts of thet fiesent &ﬁ/eﬁﬁ@rg Qh@b@ﬁmumca’uon
with a plural I]t% of functional units

magaeRm endubn 1 Hoaw e %daptﬁdﬁOta%JQCﬁémfsme onfy g} reagonse to the
bl t r
LGP ARREe Sk A 1520 SRR Ope ol MM sampe
in s@n¢ aiasterslavainéte@tliso mh(:mimtﬂe @aﬁal, urtih20 @mmtemhisnhm initiator
na enment nodul'e 11 rth

of Ceaa B A pe A HuBS S9oh SR o hffepedss 15 is

coﬁ&ﬁ&p%a&m@nﬁpﬁwm&ﬁ& 8hlyan ?e?ﬁné@tﬁea &frm‘hﬁﬁca’uon received
tineslots of the frame aIIocated or that

frogothauentalt wndh2Q.b o this 2&@) thel sonzpencdinceandgemesiomedule of the

odi ts of th i nventi
oo SE T bl Ry A iR MR B g bsSBE e iftepsns gorplnation
of 66ipdrutsehirithe WSO BRI @ o Bethhgerdéht udul 3 dn tHeHetwork, and
to transmt a new comuni cation at the first t| mes| ot

mayfbe papablefeallocaiing e sgmmpmicatian fEerinderendenthy (andgygt only in
resk@ns%‘% Qrcgﬂlﬂﬁﬁl%gtlgﬁ récléfvteﬁg th@ badi 'Hﬁﬂ%: of the present

nv en I'on, ~each conmuni ca I'on nmanagefrent nodul e 110

' be ad d e
10 18 PR B FRD L S BTT BE boal Bgp. e
cofEfi@icafiod Rnddonitas hidaledll iy b aﬁFtealtb an@éa@sdleﬁsxror tload) than

communi cation following the init transm ssi gn of
- a fplh dragerfan itk ikands afpogapmicrtinne wWithinthe wetwak. For example, for

r%%?ﬁjéamt o thd B ﬁﬁ]? B n{)délgvo?ﬁ%ffg)% I‘ql%g 8137{35[081(? ]%ogtwn of

conmmuni cat’i on managenen
a @onfléty draend hﬁydﬁmﬂlmatedt |Iam1wdtémleaa1&@1eg duptedrdleel &b enay be

to t a conmmupi cation up-tQ the end of ‘the frane.
adgnfecs bl iagais TR HOPER fORCOTEREBEATRER PESEN ¢HE % P ppdes 15

(inL:RM t\;\/ﬂﬁ] the SR GRL! ARt o5 A8e gﬁﬂﬁplgoﬁil%rger]% Qnable the

adapted to configure the conmmuni cation nodul e
copiesu pf ehie t:bmrcdleo 1t16 toepadtand/ar owneing cuadatcm vath- canfiguration data

edet er m ned.timesl| ot fr t ed th
i Tk P P lec] BRTed o an by o ERHR e ot PR some
en&@@i‘ﬁ{@n{@?@ﬂ theOfreédn® iV AEEM durlheeihk| s‘éwaee ﬁﬁﬂles thel éommunication

management modules 110 may be configured to allow more than one communication to

be transmitted and/or repeated within the network.

[045] It should be noted that one or more components of the apparatus 100 for
managing communications within the distributed network, may be centrally
implemented and may be part of the central unit. In accordance with this optional

implementation the components of the apparatus 100 may interact with communication



comuni cati on managenent nodule 110 may be adapted to

configure the communi cati on nodul e 30 coupl ed thereto

to repeat a communi cation at one or nore of the

timeslots of the frame all ocated for that

comuni cation, whether it is associated with the node

whi ch originated the communil@€ati on or whether it is

associated with one of the other nodes. In accordance
maodulds 5 rmesoeirixold withnthe odnttah emiir @betahtiallyv entdesoribetlnabove with

ase co ni cati I.s received .at, one of the podes
reiefgee o, sm%%alem %fﬂf% APYTIVAP SHRYHE o ANERPRSNS Bhjpparatus 100
and Uﬂlbﬁlgﬁﬁcﬁ&{ali§1 Drd 1ARSIALG ab hEarf YIMBINIAEREMP hissociated with the
managenent nodul e 110 of that” node may be "adapted to
copwnnicgtipe madulecBrman¢ardinglya inthduldebedtppeesigied that hepat of some
t.o .repeat .the.received co nication at one qor npore.
erftRARIGHEY Bf 35 iEnHpd fente E B, SRePPnE, a0 g Sinstopity of an
apbdtetu goiMhahapdid 0fmmiuRicAEER dathiethe debvdrltr 4sh@iscribed herein may
embodi nents of the present invention, the

- cerfgpivumpleneni. fenrrgaiian es pytof @ inposaeiafiopevithumprndigl eynmand
and QARG IACIRAMY B &Riihe R H?Eifé{ &nﬁ&g&t%ﬂﬁ'o%‘#hé DSERIR, some
to repeat a communt cat1 on up-to a preaeterm ned

of themeshmnents andor furmbiohaitty edtal @ntera cemteadi coatndrldadndt doatrol unit

co nication s repeated by another co icatio .
m ‘a%ét,ﬂ%meﬂ épd }ﬁ?mﬂaﬁf F 0&%‘?9?%%‘?@6_%&‘3?36‘?&1 W8 Rupfibt functionsl
uniB (&), dREnERPMIAI LSO NGRS thecRhvid. [49] Reference

is now additionally nmade to FIG 2B, which is a flow

arg, | 1.an f

(080 s InchdBLA Bl (llon SR EARREh O e 25 A8 ppcdefined
nuinben of dinkshte foi tihcestaie comnahicatinoh S(bhafckt 220)p thes eommunication

i nvention. In cor danc ith so enbodj nents of the, .
ma&ﬁ%%ﬂlﬁﬂ%ﬁﬁ@ﬁﬁ&%%ﬁre&?ﬁgﬁ tﬁagprgé%ga gegmgpication
mHukES ¢ GBI t63EHAP a EBEHBiAR0R ISR ke Wtk tneslots of

certain node 15 (block 240). Once the comunication iIs

the dewievallpcigyd tihe thes reoomhwracation (pbabkl 230)1 hle accordance with some

0 ni cat jon managenent nodul e 110. associ ated wi.th
entRAICR, iR b PRRE Hekin, Rah PudisRE00 Blasindl wodule 110
meBSe0iaple€ t Vorifibutd@iec@aRhiHi Qi of GREBIN SREmPledmeiéts tBansmit

may be adapted to determ ne whether there are any
a ke SoBMRUNEGAEPR aBt ethe o firste piaagsiohgof Hbe c famgniallaedtesh for that

co&ﬁh@ﬁ #6p0) - For exanple, as part of determ ning
ether there are any tineslots avail able for

peatin he co iecatio the co nication. .
14T el T 1R o Wit faoebhdnvention, each
cof@iimbatiet hafagsent eaRiduRd DB Ohgy aber egk&r Mon&dnfigure the

timeslot of the franme allocated for that A
copgmmngiienmodhle 34rqoaplogiherato tp KepeabhpRIAERICHEM #hydg|os more of

o S 0 HARHEY o RIS EGSATR 0
trapsreissioh of e ndmounidatiog.ade dctordanddewsh finnled dnhteddithbigts of the

communi cation _was recei ved beyond a certain tineslot,
PrasgRt By etone S e GURRIUAICAHRN MA0RSATRRIY OGRS L9 Maihhe efanted to
r i - = e : ;
o O R AR Rto o rel et Rl el up
to Xh® endyofsthe tftame. helnc acooudrnca twitn futicu | eant@3@imentpl cfdthe present
. thereto to a standby node until the end of the frane
ine iR 69 TG D B Ao 10 R Petsiaptes da pfigure
thd WolnABmida@bn f fdfBle ESuAGE GBIC & Wepddt SORnERRAELTRNLS-t0 a
of the present invention, while in the standby node,

predeterminedtiniesiat pHihe framd dlogaedfiyr the parmmupizstidive or
i nactive and may only receive comuni cati ons bei ng

[048]o ha gatwedartchr with hyet hiarthet embédif@nts pHile baentemyention, each
accordance with further enbodi nents of the present
invention, if at block 250 it is determ ned that there
are one or nore tineslots or at |east a predefined
nunber of timeslots available for repeating the
communi cation, for exanple, in the case where the

I

o - . 5 o o o o o



[52] In accordance with sone enbodi nents of the

present invention, during the |istening node, the

comuni cati on managenent nodule 110 may tenporarily

store the comunication in a nenory 130 operatively

coupl ed to the comuni cati on_managenment nodul e 110.

For exanple, in accor dance-Wth some enbodi ments of

the present invention, upon receiving a comrunication
commaindetion nimmnagendrat mdielee bie mapi babkdaptédrewl atamfipore the

repeati.n the, c |on t he ormunlcatlon

o R Ran e Ol hern kel € OB S oA ape; o8 nore of
théTHeHEk B3O B8 URRS all RL foritRatl ERSAINIEARNS WAL GAlsl ABociated

at the next tinmeslot, and at the ti mesl of i mredi ately

withothe avaide gvlmqlileortgﬂaﬁﬁ@iﬁh@moann@ﬂcatm orefestitea dt is associated with one
of UM ﬂr?o%‘t 5 Oy ad¢ g?c}a%&?t i l er e gaiyodsnnents ogEGhe Hrﬁsent invention, in

conmunt catl on o stentn

casCC egrlangiatvnt i rdceivieh @f o@d‘f@ﬂﬂb ﬁeﬁﬁsﬁ(n@tf thé hedepwhisR Ptiginated the
i nvention, the comuni cation managenent nodule 110 nay
coppgnunicatign) dustgsa riaEdineslpithn mHDEHeatos inmeemenigpodile 110

of Eﬁag Wh&e 1%9 50 Hcﬁ)elfp%éi t()l?:%hﬁ &e'tﬁ‘e ¢ l1+10t gﬂ#rﬁﬁﬁhﬁ@gs cf)ﬁlﬂed thereto

duration o 'east two ti1ne
to repeaisthe swietred ebmanmdrmioniat ahé onmoRytinedlots aif then@arae subsequent

transm communi catiop nodule 30.in.t i nin
HRERR oh Y EoTBUSE e [ ORaRES P E cRpGmeng of the
préséﬁ‘tnﬁ%ﬁt%rp p[h@fcoﬁlﬂﬁnﬂ&%ﬁ rkh&@é{gbﬁ’l@nt H&@ul@ento hﬁ\?eﬁé 'aﬂﬂoted to

communi cation nodul e 30 may have at | east one "clean”

configrrs Ithst conunurriegiioatredyle A courtedithiersée fooiepent |ar¢pm1umaéx¢n up-
etitj.on by the.co ati.on modul.e from whic
to A Sa R UBPaRY oL O BT8R RRE i thE Pl ation
waBOfgpedied Ayl aivtherdedBmalicheRe ah@hld, Neth&OotMNbE & kMmivnication
r@iﬁal so switch to'the listening node. [053] Wiile in
mq

fromvdneihe seaauniation was Asetitlon nodul e 30 nay
listen for repetitions of the comunication by other
[04mR eféreraciipnovadditiesallyRoade tod IR Bowhichfis a ﬂdwmﬁyhlmsgratlon .

of rsgggg%éﬂegtgso gltlg rodo% a?llagg’l%fgl (%rr]nmngrglgalltleo%s ithin a distributed -
network, in accordance with some embodiments of the present invention. In accordance
with some embodiments of the present invention, a communication may be received at a
certain communication module 30 associated with a certain node 15 (block 240). Once
the communication is received by the communication module, the communication
management module 110 associated with the receiving node 15 and coupled to or
otherwise associated with the receiving communication module 30 may be adapted to
determine whether there are any timeslots available for repeating the communication
(block 250). For example, as part of determining whether there are any timeslots
available for repeating the communication, the communication management module
110 may determine whether the communication was received before a predetermined
timeslot of the frame allocated for that communication, after which, the communication

module 30 may not be not allowed to repeat the communication.

[050] In accordance with some embodiments of the present invention, in case it is
determined that the communication was received beyond a certain timeslot, for

example, beyond a predetermined timeslot, and that there are no available timeslots for



nodule in a listening node may be configured to

di sregard repetitions by the unit or node from which
it received the communication. If while it is in the
i stening node, the (next) repeating nodul e does not
receive an indication that the conmunication was

repeated by one or nore of -tl8e ot her conmuni cati on

nodul es (other than the communi cation nodul e from

repdatiog the conepehivabnt the communicatmni mm)agémemtayoduh@ ¢80 ntageswitch

conmmuni cat.i on t he I ten n end 't
tf SBHEneR Broftein €0ed il N8 A G Fboe AR s, SHghof the
fran@e EblEEkeen) mothé icomsRicalbn B fot 388 r%éatedvm& n% th%@t frame. In
appreci ated, that accordlgg to sonme enbodi nents of the

ackqrdenrei wilh, Somﬂ gmb@@@@g@ thei prssa dnvamdioghahdesndhe standby

ccessfull topagat ed, as
mdgl? (b, BORELARAAh, ARG 0 EER Rt b BhREB0 TR s AR gy ontv
recifEoshinmahisativis bbigg @rcq&gﬁued tivegh themetwitk 116, t he
conmuni cation nodule 30 is in the |istening node, the
[OB YMHRVSRE, |18 AcdrRaAGE WaM fubRedlbokilBents Bf 8RQR&%kA! in98ntion, if at
with the comunication nodul e 30 coupled thereto, may
blesk 230a¥ e deterninedsthahthees aisramarar gaete diaeskogs pigat least a predefined

u{}l; %ﬁ g?nﬁllgiggo@\é%l atbp?hforf] ?%o\égﬁrlrfﬁ %1% tclgglﬁx%%%ﬁa{lgﬁ et?g %?ampllﬁ, Jn the case

wheep etht e doinfrainioatics i was reayivee befdiccal iprededdrmiil®l timeslot, the
conmyni cati on being recejved and repeated by aqne, or
CORBREIGHIOR AT EHBRT Hersde 1E) maK Caulemine o uRCaigRemodule 30
& t '
T a0t B e AR WM ) o PuBERnt Bfesiots (lock
270 eIrc eenondenca wiithrsonmesembgpbinest dijtha peséerinvention aterirageating

A3 - B2 SORIFHSHE e et

swiltleH Whee cHImEU R GOmbhgE esfo%&@mﬁh%@&%%a&}ﬁ% n{data QSI"&ck 280).
260 -20 - [55] According to sone enbodi nents

Accpuling ée spmei| m@iﬁs ofatbh 1oemtion) dwt mmnnmn@tgemmnagement

| ude
mn{&?e efoslé Wﬁ g?g apt% eaC c%q ! o?{lmglgﬂ%g or{aﬁlo%ilge 3690ougled ?hereto to

thec Qikte@BROMAIE th&dtal&ﬂy I’hﬂtée ehbh frégutition] 65 attB@atively, according to
communi cation is ahout to he transmitted. In
furece grpkatemenis < theieYratioBnihsdeeramuRiceion manpgegisahmodule 110

' M e v b
mioE HunAEd (SIERBKEY A RAIRIBLESLIAN, tlel SEBI BRp o) botore
switolfing ¢o thkQisteniraiahede. t o t hat  conmuni cati on nDduIe 30
may be configured to determ ne from which node the
[082ImT nicceddadu® vsthr & ¥Rlodinienac 6D PSenM fnRerltiont [@afing the
enpodi nents of the present invention, the
listegingumodea theotpuramedinginanigamret mq@ﬂﬁ&w E@Yé@ﬁf)@r@m}’eﬂom the
€, C 0 upl egl .t
copSitol khy AR CRld UheRRULT iR R P B Bication
mavagayeranddubo di].O eFdrlékadqﬂe;rlmanaﬁ'detmﬂhﬁ)me embodlments of the

conmuni cati on was r.epeat ed anot her nqQde (duri e
PSP} BPRGHoWep SEFEE, hAPTIMETIous AnoRrGeie: Hat here are
avAINEINe AbisORr WaRafiRE BleV&fnhbnitior, &ﬁé&or%ﬁﬁl%atlor{ ﬁﬁhagement

I n accordance wth sonme enbodi ment$ of e present
madwleeht( way coifigure Hieqwknrg@gcationi modile 80 t:ompied theteto berepeat the

connunlcat nmodul.e i.s kept ip the |isteni no
FRTRS ot Mo FRReresSe il hibecBRsins i dfefiionty e
traﬁﬁﬁﬁﬁbﬁd obY tHRN GbhtedC GOMHESdtIRAN RAWbSAIroNdIe may switch the
conmuni cati on nmenagenent nodul e 110 may return to

copmygicaign madgledetts Hsteringimadae in aveordange withrfyrther embodiments
t i_lable f ting the co

of GhEEPShR AP Be S SBRROT Upt RS e BB B 20 ey be
the present invention, the conmunication managenent
nmodul e 110 may return to bl ock 250 also in case that
the only indication of a repeated transm ssion of the
conmuni cation is received fromthe node from which the
connunlcatlon was recelved in the flrst place In

o a1 e

o o - o Y T L



- 21 - associated. [57] In accordance with sone

enbodi nents of the present invention, one or nore

ti meslots nmay pass between the tine a comunication is

transmtted by one node and the repeated transm ssion

of the conmunication is detected at another node (for

exanpl e, at the node from wi9h the comunication was

received at the transmtting node). For this and ot her
confgseddo maaivirdihegonmmwdcation mhadlilerBOtceuplkd tieeto in the listening

' ti ... bef h titi t he ..
R i e RO ¥ 0 STHSLAYE s BT e fPHg B herdidmBistion of o
cof@urEatRAA PR niAntdidi B msiikeh P Sbont8hiBatich fddlle 80 in the

.sufficient number of tineslots avail able for repeating
listeneng oradandwing ohleagiathe sl GoteseRofollovdngthe eransmission of the

Lt chi e c ni.cation module 30, to,the |jstenin
oL, WneR ML L B IR el 3hdfeng st 188 one
"cleanfUtiged|b0 foray peting dB teEimuaicd86€ finfe@rupett Beh rbfi@ftidn by the

is stil] a sufficient nunber of tinmeslots avail able

copgRurieationt Megulen&or Rt daet icommBgiiaHOR agesd rensbied.  After the
i at e nredef | t | i
re@t’%ﬁ%% REmAL RS Al d e ¢ H:Ilﬁ)g%ﬁc? léhe 1%&%%@%%‘0 lﬁﬂ%? aﬁéaesgvrtch to

ni cati-on nanagement gure
th¢ bstempgkenen. [58] I n accordance with sone
enbodi nents of the present invention, if it is |
[068) ewnlledd the Kdtatke 29e thBatorhMeniatich RMduR 30 may listen for .
sufficient nunber of tineslots avail able to repeat the
repedivionh PE e coRrHEeation by pther kempymisAioR Rqdglesndiva gerprpose of -

A SERTRY 5, D S L0 R Mmricaton

‘medvde fir arstepiigomiod® 68 . bel danfigomwavier disrepard sephtitionsrbpeable unit or
that th js stil]l nmh i ncl udi. f

nopf Foul BEich it e erOmT ROl TR B Eaierianmode, the

(nd:P rGRATMN intful © BoSBRARALEE L aﬁqH%alcaiolﬁﬁlamye 9&3&%&5@&1 was

to instruct the conmunication nodule 30 couple
repagtadeby one assoworatcddihe hethemicomnuni¢asipeamotiles (other than the

inication.again, .and if there is a suff.icjent
colRRNTR pRS HIS v i akseiy el SotdiFetin) ¥ may repeat the
cof @RI oA taifleN th¥0 fttnen g3 o dePeddi @ndl i Sthey kdp@at Mk ra@Auft up to the
following the transm ssion of the conmunication (block

- endgfyhe fipmg)or|up e piedelinsd tinesiotrafithe dramentioupwe esappreciated,
th% %c&ﬁﬁ%‘é@%dﬁg%/ g@h&ﬁﬂl’em’fsfofathe ?r#\.%ﬁﬁoés Qi k;ﬁéec?:‘ssolfnay improve the

eterm| ere s a sufficrent nu

chanoee sf thesraaviaissohbeinaucdesyfelly propagdried, as mill be erplamed below.
but not for switching the communication nodule 30 to

e.listening module, th omuni ¢at i on mapagenent )
O3 GR eTBaf B sy BtpoRE TR O ot EiF enion, while the
coRMTRIAIBA th oW1 BIUL 8n 30 HRURLE IndREMEL CofuAR 3RS Hapdzement
therewith to repeat the comunication and may sw tch

madyde tifninupoapgration withithe eoBounisatipre medaledifyconpled thereto, may be
adé%clfmj:# gw: lﬂsgm{ E(g c@%ﬁﬁ%ﬁ#aglgpg E) }n%epl%%aga er:H %%rl %Pe \Illmettw%%l('ltto detect

|
repeated transmissions of the communication (block 290). The repeated transmissions

may be indicative of the communication being received and repeated by one or more of
the other nodes 15. In accordance with some embodiments of the present invention, in
case the communications management module 110 determines that the communication
was repeated by another node (during the listening mode), the communication
management module may be adapted to switch the communication module 30 coupled
thereto to the standby mode (block 260).



- ?2 - nodule 30 to the listening node. hi accordance
with yet further enbodi nents of the present invention,
t he conmuni cati on managenent nodul e 110 may be adapt ed
to skip the listening node for a variety of other

reasons and in accordance with further criteria and

for only sone of the commun2@ati on nodul es or for al

of themand only in response to sone events or to with

[05f] Aeonoeotg nsonme evbotiments ofikhe. preﬁe&@]nmhtiam;caacld aommunication

W th sone ments of t r nve
meain il SandtlEa B TR o et o BHeERE e Sl g ligere) of
ead Q@@ 8cAtial dnhaDc apmeschatny orioWﬁfe rrﬁﬂ%atled f¥ph | @hich the
the communi cation nodule was in the |istening node,
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the ipord oygteR. el SOIELH \?gi"i‘ é%lr%"et‘Ye%eéhat kiifigunication

mddereado,t hie Cosmilintatib® N nAgdidMendo ﬁﬁ)demaommeeﬂt@h@& to that
t he present i nvention relating to such cases,
commypiraLen mesByR W maygbeaprficad & |deém@mr?a>fr0ph avha@lb node the
l- peat Ly
comf} gn%?{iﬁg r%se r?c%nreﬁ ) ?&8Ic{aﬁér aksngvin%ﬁssﬁsﬁﬂl 0%11 E&npé@&ehg CoffheYpresent
inveefiet, ithe mnmhmnmdaeon amm.ematt [ masduhad U0 endyr bencmdnﬁgdred tee switch

conmmuni cat.i on receiv accordance, W
theg sﬂemélﬁ«tfeamréﬁ%@ 34 ﬁeupg?deélé%?w. i it Stsmdby paode, only if the
comBRblcAlib mbhde é}Hérht Qﬁo&’tﬂéﬁtlgdd&@mﬁﬁ&mﬁt Wh& t’t%mmumca‘uon was

conmuni cat i on nD ule in listening node, for-
repgatied thiy camoitieic cnhd@ cﬁdure@pfbn distenimgt mode) rothayrtbar thvem detfsom which

fol | owi.ng. each r repetltlon of a
the COmmHE ag{ Ofonas rFfel ‘?ﬁfotllﬂ%@e ]%étﬁ 8f%d that in accordance
some, enbodi nents o e ent inventian,
10 o PRI E g S S aodeRB g e Pretent SR i iF i block 290

duﬁﬁ'§ o ftuﬂeh fhaf ANTURL A QR BNEEASES tkegp Gy |t§e:S hégﬁln% Omode, no
[isten for communi cations fromthe other nodes,

indésesiop ligrdceiyed shat dbo nanmodieatieamdas wpeaed by anhther t:cimamumcatlon
meg o, P PisdSn b REEn B et aapy 8y e q Rgek 250 and

detdfthine RSt pBakede iah§ tiniRbSdThwslablR. for [(Ogdatifl the communication
accordance wi th sone enbodi nents of the present

ongemegaR o, agerdraRe s Bthenempodinyesits bithe presert imwention, the
Iﬁjﬁﬁn aticl bfanRoe éIRQn RRITHY GAY LAl Eodid 5 aith bPE&e that the

I nce, accordance wth sone
onbrmlndﬂammn b6 aabpdael @m&ﬂmorﬂ sivide tdoﬁmnmﬂwuongs aseivied afian the

ni ormunl cation for which franme vvas
oy b Bish e APPEREHcatign mla}sorﬁ?weé hiielithglase 1o accordance

- withSShthe ERibbAinR gsef)f tt gl% %UB 1€ Q0 08I m Mt dthmanagement
0 ted 3“#

ranes are to of the two or nore pen
modolemi) cztyi benadaplthdlsf.o add axctoomgtzhde cach hlraﬁsmmswn various data

enbodi nents of the ent i nti on ever a
rel SO EAES B o S BER Om BH f Sarossiel Supeeian ingluding, but
noCIRIRIML aﬁt'a%lahﬁ%fd@l@ti&e%uai oftthe taRHSi iy MWnkuNiBhdh rhbdule or
is aSSOCIated e conmuni cati on nanagenent nodul e

to theyneste Gowmf W@mhe@etcmmmmtmn ig gransmitted. The data relatmg to the

transmitting communication module (or node) may enable each of the communication

management modules of the nodes which are in receipt of the transmission, to
determine which communication module or node transmitted the communication. In
accordance with further embodiments of the present invention, the communication
management module 110 may be configured to add additional data to a communication

that is intended for being transmitted by the communication module with which it is



wi th the other conmunication managenent nodul e 110

within the network, whether there are any other

pendi ng comuni cati ons conpeting for the next frane.

In accordance with one enbodi nent of the present

i nvention, the comuni cati on managenent nodul es 110

and the nodes at which a peRdi-ng comuni cation exi st

may together or collectively decide on the priority,
asbamatekanpl e, in accordance with a predefined priority

schenme and al | ocate the communi cation franes
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w8t Lt GRRRRIGe kTR 68N GRCERZSLKERal R ishing he
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nugtheop dinckding  ofie)t dfetipeslseravailahle rfor oepeatiag the communication, the

communi.cation fra rrespond to a.specjfic o
cof BT G8 mitRem ol EIRETE Rielo o i PREN s Gomepnication
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to one another, and the duration_of each tineslot may
ang &f thergds a seilisiont emerntnd dinfesigis 3veiabde, mmeswiselyths commyinication

] ' i ment. h -
A% 0 SEERLUSRSE bl AOORSIP AR Ok i
(bIbt028@)y be adapted to nodify fromtinme to tine the
| ength of each franme in accordance with various

[0581t IR kkcop@eka tWidfubhé et difers of the Fe&RATADERION it block 250
other criteria. Also, in accordance with further

it isdstsaminsAlkat dpere heoa suffigient prales e timpglots availabletfer repeating the
| . i i nG d i f .
ARGt BOF 8 Sl Mt MR ol i BB, 0 e listoning

m@lbgtike cotminication eranagdrostt medidd 110 n5Clhy d@dit®l W fntruct the
some , enbodi nents_of the present invention, the

CORUNIICHING MOetlaRI0 roorpledr theiet i eassoaiad r freyeavity & ggreat the
co st P SHAY Bl 1 oo BRARGE RINHIesd do TL Randby mode
folloming rthe a¢peeting ©f be eometinicetien edathounswéthiay the communication
managenent nodul e 110. may be adapted to forward the
received data to the nenory 130 for tenporary storage.
Next, in case the comrunication managenment nodul e 110
determ nes that the received transmssion is to be
repeat ed, the managenent nodule 110 may retrieve the
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[66] In accordance wth some enbodi nents of the

present invention, each node's 310 and 320A- 320G

comuni cati on nmanagenent nodul e may be adapted to

configure the - 25 - comunication nodul e coupl ed

thereto to all ocate a conmuni cation frame for each

comuni cation within the nedork and to repeat the

conmuni cation at one or nore of the tinmeslots of the
méduderd 0 fto ltheolistering hevdieni Ini eakotlpaueswith yeofurther emdodiments of the

nicatign. In accordance with r .
DT s e reopHRR o8 ra Ao Br ol AL Mot e demtg o skip
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T L I N

wihdilesiethbresarb eifidédtosaileblef hedlhte t6 opandi thatdofumi@fion again.
320A may transm t the new comrunication at the first
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connunlcatlon f om oq} 320A cannat reach jts fina
CORWRHIRLOR GHpiler BT PPIgh (e CAMEIRIEIEON 1908 TeSEHYREING anc
trol node 310). However, in accordance with s

[Oéﬁ; daiasendancs lelﬂh €0Tp¢ @%‘?ﬁilme‘rwseﬁf therpressme lraéenﬁw éh@ controller
, e
1P 15 b SR e i S TR, HOMAL iR1ShEfode for 2
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sone enbodi ments of the present i nventi on
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recei.vi.n 3 d 0D ma e conf :
coRicHRE: BYmRe o oS el g8 secs it gcyerisy
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tinmeslots of the frane al | ocated for that
to yeinthatedhird Huit hpssgpegted Hg ensaussian. wi t h sone

enbodi nents of the present invention, two or nore (for
[062]ant @comlhnge with séree @m’mdmn@ast dfthe posahidsvertion] in solre cases,
nchron enbodi nment

at e giVel Bl 1 Afier i BY TR B ERE contiminiSighns 28y BRS Ripin the

nefldrk! Se1ce Oiidedrdatde QB HE @fﬁbaulhiah@ offigs 2;5&@56&@ id<eAfiéh, during
bit- synchronlzed Thus, nodes 320C and 320D may

any rfamespalyt the coapemendion o theofame b&aSaﬂlqcaterlyls allowed, a
prl%hw%cthgﬂgg%b Slye Te ird "R {l?]rncg de{%%mcn% Bidef gy %mhhl@rames are to

cause
be allocated for the two or more pending communications. Thus, in accordance with

O

some embodiments of the present invention, whenever a communication management
module 110 detects that a new communication is created at the node 15 with which it is

associated, the communication management module 110 may be configured to check



- 26 - communi cation to spread through the network
300. Thus, the communication may eventually reach one
or nore nodes which are able to directly comrunicate
with the destination node 310, and since that (these)
node(s) is (are) also configured to repeat the
communi cati on, these node(s 3nay al so repeat the
communi cation and cause the conmunication to be
witle tles obdr aemmbnicatéat imaatgenment oa@luld h1Q hithicc dsenatvotky evhether
command and control unit 310,.. It should he
th%{%p?rgc?rgt SHer (RERANg - CTPURsationss SH’Qp%tﬁ%g?rnél?ﬁ geg figpg.  In
actétd@mdel @ih dnBOgEbstEnehE FOfe et §iBehBREathe® communication
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communi cati on nodul e within the network; which .
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more subsequent ti | ocate
Ascogmtioried abo e thel conanuocatancmamigemettuasdulesrbbitlinag ive sonfigured
t he .pr.esent invention, in -.additiaon to the node )
to e it Feihet Bl TR oA BISRN, InbrHory DEmES Hoge specific
setVideC FrafrRCRLY et hIECatAMTBI Mhi§ 8drdon  Qvieder, L e nehBF®ed above, in
al | ocated for that communication may be configured to
aceqrpenge (With cotherurirebadimantat ofathe tpresest oinveulfidrowieady of the

e I ecej 0 i.catio or aml until . .
co RGPl OF 1O 90 OB 8 1 FRlfs o Ohricaon
onBmhoaspeait so afcoltunidAivaAtcdivadeftbinNcer@ral GARN20I C 3 h&€ddrdance

,glay be trapsmtted by each of several network nodes at
with ome  embpdimprts phthe)presegt dnventine, theoeentiehmlits, cpymunication
BASEBRI5HIL R BEEYLOUBILES) Uaf, e RO IO, siven
permaigsiph at@yapuintduo dlvietty comntindeate gvaalthd metworke Iplaac@dance with a

the typical result)..[070 t uld be appreciated . .
mﬁg}?bw&%,ﬁlf?%ﬁf nighiy Qle]ctalﬁﬁﬁdﬁ?reéxf PBRsOIeGiPREifignage ingiven
pefrhid8loR Bl PRES BN RGuRERH @7 Er the d&edrk lhge%)) %”a%tl% 1enr respect

diffraction which nay | ead to deterioration
of epmmunicationsofiiringrp aovwl dasation whersomehidnihedietreorksis operating

. resent Jinvention, i rder to inprove the signal

in {85 RS bt R 85 moRBF ¥, o s pipgowed to

trafl@sit rdeeionecdiohs et tHeNneteAEN aPithd Bans GBI RhTEE HRNnodes may
managenent, nodul es may be adapted to configure the o

CORFHIMARC &titlo Pngoarfiterc sugypr dvithethet eentigl st yithaweth receiving

. Lo i . o i o

P SRTLERLANL b [ERGEh kb Htofing i BAGloh By lteh fimat fec

froprethlerenud smitay be used to reduce the destructive
diffraction, including but not Iimted to,

[063]depeadterdahye Okitle 0RRE aéhy&liteaR A0 theaRERBY ifRihtion, each
pseudo random y) adjusting or nodifying the anplitude
cogmuniggen Eame sTLGATESPshie dspeeitie netindofh timst i lormceardanice with

ﬁn‘ﬁrr%g 5%nglgodﬁrger§$%? @t ﬂl@&ﬁ: q%?iioﬁ,atdileo Bl d8 %%gr%%?lnlge 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 criteria. Also, in accordance with further embodiments of the



110. [71] Al'so as nentioned above, according to sone
enbodi nents of the present invention, followng a
repeated transm ssion of a conmunication, the
conmuni cati on managenent nodul e 110 may be confi gured
to switch the comuni cati on_nodul e 30 coupl ed thereto
to a listening node, duri ng%vhi ch, the conmunicati on
nodul e 30 is kept in a passive state In addition to

prashgt imvbgionh dmefiinherneitimesied iablonded wm eiclhr Bspeabajt be thedified

I npl enentatio he listening nmpde, rnaintaining the
frop, B Piterdy R Cstorh SO B A et i ve. ot at o
all ow_a receiving comuni cat nodul e to, repeat
[0¢He I GRTAIFTCRITIBNSIRE ARG dimsigO ﬁl%@eﬁfﬁ?& ety the apparatus
10@ S RS ﬁ@ﬁ?ef z’% fglg}g?)ge% gs&?x%@%%ﬁ%h@g nbfglgé%}h%ﬂé E}BP ﬂ-haccordance
wiﬂnr ss@nt erndmeits mof flel presemtginvistioni whedever ansonmsnication is

of the communi.cation, the co ion o of nhode
rocish. They oD B G THEEP o GRBGHL® A0 TCB AHAEIRE 1 forvatd the
redéfreti0 dhtae 1 He Ghetb® f138Mor @m afyo storageP’ eNBker 1l RS the

timeslot, with or wthout silent node puases) of until

communingtiomnageecment modikedd Otdstermirtes thas ﬂmnwmd teanswassion is to
t.ed b not her cati Xa
ve SRS e ARy TSR SRR By SRy 130

 and 204y amieaﬁé)laomhfmnibaﬁ@n @l BOWB1 Raishmdntheodhsd at ee start of a
node 320A is confi gured to repeat ,a connnunication

- subgggyqnt j Ymesdoty (50 ak @BY pYthem dressteredisduRPBhtdUsRE nihguebsequent
tinfR3ff) SHOR B ANAR s SSRERLHE B ule\oGATHRLAGE if Base a

cersdinmode & aehargtes heommmmicktioatandnyiskesdo nmylsmmthe; borhmuaication

oG BB AFIEREL Do oy BB OF SUBRTHAIOKgIRES0T Fmmunication (for

x J%Uﬁhé‘@ﬁ ifRfhel Whick GV cabd RO %&h@rz&ﬁnﬁﬁﬁczﬁ?&[}s é.lﬁ%ntly in
omruni cati on nodul es associ ated with nodes 320C and

effsczbl Dhﬁwpnmmun@ubn gmmaemgntr wpduale t1femep e adiapiatito rtemporarﬂy
stoQl nor e. tlmssl ts subse nt tt he rcec t.,of fe the
8 S Bmp Fish g, e RnORE Ty el e Bl b et for
combBfRmpyagsent i nvention, the conmuni cati on nodul es
associ ated wi th nodes 320C and 320D may be confi gured
[OGE? %@ﬁ‘@ﬂcet ﬁen&@ﬂmam&ﬁuz%aaé 8 plrge det sfdwing I‘l‘ﬂ’(ﬂgke[:hagra.m
tinmeslots up-to the end of t efrarre) or until
illustrdtiomof @adlr»tuhutc@ netvesk visdwhinlitthe hppacgnsrimaerardanae waﬁl some

el R Bt R SRR B L8 o B ol o
thd presdttt ligventibl&h€ @[Bfﬂﬂﬁité‘cﬁhé%rlﬂ@d@l |sﬁ§wﬁl3§ 006 at eghdwint Which the
nodes 320C and 320D may be configured to cont| nue

appaspEatin n@c@ﬂénc@om*?bmo@ﬁt caYpofmenite obths, Prasemtc BIVEpromay be
1m?m gm%pgea; i O%QWA Sﬁhfa‘? 'illogg g # Gfd LR CHTRARbEAIRE 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.

[066] 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



comuni cation was received, or in this case, if the

only indication relates to the comuni cati on nodul e

associ ated with node 320A. [74] In accordance with

sonme enbodi nents of the present invention, the nunber

of tinmeslots included within_each comrunication frane

may be deternmined in accorddfce with the ninimal

nunber of repetitions necessary to deliver a
copmmmmigstiontmodnlé rcouplaahyhenétottbealhxodiesa mnnhlumdahm Mietneofdc each

to a. d stin accor dance with so
colfpihh R tin MR R oA gag i pore of
thdAARsIHRr offHE BRERSONbwHR BE %ﬂhln@aﬂsﬁﬁsswfmhe @bmmunication. In
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aceadancp avith gt farthaisadodimentnohthg a:vmsenuma@ntmdeachfmde s 310 and
] [ e jor | k For , exa,
32K o BB A DSt Tl SO By Fpntifife he
coltitinglicatian @moduﬂ@cd’uplﬁdethelefo b e el éomlﬁuﬂeatid’ﬂﬁmwiﬂél transmits a
within a communi cation franme nay be determned in
newcOBHRHedionaf et tineslotal thafitae aliecated fax the comgunication.
necessary to deliver a conmmunication fromany of the
[0&dld &@r dilustietion aupepssainig yilbassume thas dbs comminisatiore management
0 un
mcgig%et e %%aﬁh%g ﬁB‘H%E‘glé‘QHd SQ(?A 3%bG 15 ﬁéfrlﬁ 0& %}oc%te & frame
. fot Aeom@tunixrakion Ithht\li:h it€ be Qﬁtﬁﬁmttehffr(ﬁﬂ meerorRinode I’BQBACEI}‘BI Wwhich is
3@@ Hclud d wwthin a co nlcatlon frame may
adgfepssinih e feniiat Rl indh comE nnpsle el 10n Lﬁ?ﬁ@idlr%ﬁ to some
el | |
et e e AES i ifrchfofic OB, aTAS R SBh' fibesfefBor the
comrhmication,amdai3R A mayheansetitvwbe kewrcofmmomiaatior at the dirstahgeslot of

BB B e SR b SR B A .
WRFBANadstific HAD €61 %n&ks”?e%h&lss(ﬁp eREnpIBC bHAGCh Widthd}, local

each comunication frame is determ ned i n accor dance
intgyferenecn gtepi Hierremopumdsion difor aqskst 320 Aosmmeticachsity final destination

. i r..a co nlcatlo from ny o nades. (or fro
aisily HfTinR ERETHE SRR i TRBY nBie 510, B FerEl, afdMance
w1ﬂpmii&m embodineafitsfahe Yrdsknt 1h|%‘.’tﬂiéﬁr ohd oshRw of iR dtRdratbdes, for

that, as nentioned above, the resent i nvention i s not
exqIple; BRAles vhigh areclasgiior the spurge ep@e pienqdsaavhish aippat affected by
[
the, BosldiEh, tre Abf! Boie S cdiimbfiai. REVUhQuIRAL fboses we
fusltier @wsune tt)a’sﬁletcbﬁ]mum}moncmfankmﬂ‘&dlbqtlmdb (32DA ib hedeiv@de by nodes
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mayi beneonligueedhiot camsk ther co&moumaatmr madmiem ofieodss ?@Oﬁhqmd)BZOD to

R g B % e B0 B 5 el Mot o

ﬂu&BMQHEhQﬁnoﬁS menti oned - 29 - above each franme may
include a predeterm ned nunber of timeslots. As part

[064] ?Q%ccﬁﬁmg'm%&nmelﬁ%@nﬂ&ﬁss 8Ptnd E%ﬁ"ﬁ\%ntiBH,eWO or more
initial nunber of tineslots to be Inclu eé I n eac

(fOcl: orvamnpies zll) oot theanmnnmylcbeold em@hlﬂnsnmthﬂuthengemmc may be bit

iti.alj z on t he networ Kk Il be.d rihed in
e 2t g et RE W TvensEh et BE 6! BIES asfumed
thd@ ellofe @iditatRh heddlbewiiPad ARRba o El’tley&hﬁﬁ%a Thus,
invention, the initial nunmber of tinmeslots to be

nog¢sc PE@Edand: 3R0Eh mewransayt e dppeatid abhymunijation esuibstantially
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[77] Reference is now nmade to FIG 5, which is a

flowchart illustration of a process of determ ning the

nunber of tinmeslots to be included in a conmunication

frame, as part of sonme enbodi nents of the present

i nvention. The process of determ ning the nunber of

timeslots to be included i mZach frane may begi n by

configuring each of the comuni cati on nanagenent
campautieasioni tohspread éhrmeghvtirekndterosd Bo6G.at B, ftheacmnmunication may

i ncl udi n rovi si on of .finmeslots
xRl ;b Bt es AT s T kel GPhetibs with the
ddMifatiod rd@e 30/ dHd@shce ThA %Qse? n88&s) HePBlso configured fo repeat the
predeterntneJ and may or exanpl e, programed
conRwnieation, dhesehaods§muay calsd aepaatithy exvemuunieation mdt leawse the

e present |nve tion
oGRS e YR O SCRERE hode HER e B Riaprmand and
coafrbbahit®n0.s Itoshotildebepappseivied, Mv:a Rct@Bing!tb @oRk @ibvdRRAGIts of the
. hunber (n) of tineslots to be used may, be .
XESDaRPaT PRY deetonfiswist e xenpl @ compphicationregeaived fom another
nogE Qtﬁhﬂg aaﬁaﬁteftk L mBIREARR is d{é %Sge?deuﬁ By % gﬁﬂﬂulneslot of the
nber “of repetitions-1s neede I Sscusse
frabneb and. comntunécafipn wicsived abyandrihe tinfes)ot afe rtot mE‘Bd: psated
too small to allow the mnimal nunber of repetitions™
[066F dasthe \enttoditanty descaibed abony, @ath 0dmifu@itatty n@fduld@ithin the
nod s hin the network to the command_and contro
nEGHoRK; TRFAVeds? enTRmuRGRttEy dsTgtd Grataiprame.gngbe configured to
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adfiiom; fos fiFy B den e Ht%eiaﬁeegow Pl saci e 84S’ which
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allocated for the transm ssion of the comruni cation
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[OB@O)It wioald 6o BEadieee BoPdvdOBRS tWe of sfidBohahichietseedifciding
a.central unit within the network being configured and
intthng and PSSR A500be éth@qtetOdt?ﬁmﬁtweadl?ftww og.m@h] @nay lead to
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mmay bg [ né(tt)enen Ig%algy&a pr e%hglltogr m rltlgz@d“ﬁ%% (hé ongl}lt“)?ilfy each
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managenent nodul es mnthln the network may be updated
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i nvention, the connunlcatlon nDduIes may be updated
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[81] Reference is now nmade to FIG 6, which is a

flowchart illustration of a process of dynamcally

updating the nunber of tinmeslots to be included in a

communi cation frame, as part of sone enbodi nents of

the present invention. Initially, a request may be

received at one of the conmddicati on managenent

nodul es to allocate a frane so that, for exanple, the
11®ormuni cati on nodul e operatively coupled to the

communi cati on managenent nodule may transmt a
[OZOhmAllso cat nmintionelr abdve, Retomding (bkovk @dhdimemts of the present

. respon tqQ the request, a franme conprised of a

1n}3ern§\3g,f fqi]@aw% ﬁﬂ@?eatqq _,Iﬁa)nswss%qnn%fsql §o@munipption,nghe commumcatlon
I n t

ek O IEIndrly LIRS ol 30

cotpled shat® Mot Sistenang rhedealduungt\eldclﬁ bﬂhecdonﬁﬁﬁm)lcatlbhnhodule 30 is

£ conmuni cati.on e.tr dto
ke RAEVO AL R SN Fethe g e DERsiEs HeripHeR abapiyvith respect o
thé) ﬁﬁ?@ﬁl@ﬁﬁéﬂbﬂ of Hféeﬁstén%gjﬁbﬂél %alhﬁ?mﬁ% PRELRARAGHHAR chRnidndcation
destination, the conmunication may be repeated as
mefhde i1 e dastier Balamayraloot 2 msekying careunicatis wpdulhits repeat the
Q 30
col BT PO BT el B L hemorhE8hu ot ramsmitting
coft@igicationGhodide). i N th| s case, the central uni t, may be
configured to determ ne whether the comuni cati on was
[0 2C ehotoetiing il sbrfle BAbbAiEINAT ofVRE PNt RS RRIII)IRRh] % initial
was received during the frame which was all ocat ed .
trappraisgionrairthe semswnicalieon kheaonmumisatiee nodale afriode riaQA may be

h a rdin e di .
co{?ﬁ%uﬂeﬁvtén o%t, ﬁ% ?r%‘g?gr&%%m ugr% tgg héf gg@ ém f?{ up to a
préd&s&arﬂﬁie&()l’nkleﬂ&ly vﬁﬂl GII @ithodtyHRntIHdds .pulkusy or ﬁlhﬁl g Mdiédtion is

unit, being a master, may control comrunications

recriYad; that e q%trwawﬂaﬂ JVaragPesedc by pnefhereeprampunipation; padde, for
exhil Ble! %9ech9tcoi Hi‘i”ﬁ{Bd%Pés' é%%cﬁ%@&nvﬁthcﬁ(gcﬁe@'ﬁO@oﬂﬁ 320D. In
du I Ng cert aln rane. | n accordance wt sone

cagmtho atonmmncaubn tn’[tﬁlum’(lfsmdt 320k éntordipuréditoaapeat 8 communication

mmuni cat j was recei ved at t central unit
unf Y iy R oo TR BT psiich b, indition s
reGeBRd! #He dHMhuiiBMion RSB MsobiRRd WP 8HaLE2dAl ﬁ{a&lb%%hﬁgured to
timeslots M, by a predet erm ned nunmber (for éxanple
stapyreperéing drgicdrmpiisat®n)asidayrayittfetorapamibydnoden
- accordance with some enbodi nents of the present .
[07 3lv dnt dcoordabdeo wkih ﬁ&ﬂheﬁﬁﬂlbnélyndms oé pb@tpeﬂenmtnvbnﬁd’re once the

conmuni.cation i.s ecel t unit durj ng
cORRBPLAE 15/ Foueb ot POes ADG ity M EompudfatioR modules
asRRBRITRAR foded RO SOOI BR IS nAburkd %o g§§tetﬁ5 commumcatlon

|nvent|on in case the communication Is r el ved
at e eemuoral timaslots dmbsmylenm@o ftharreceaptl of eth@oboﬁmnummmn " In

ni c ion, th ion na
s FRIEL B s PSR oF i e AL T Bl e Soimunication
motfiddshedsoéibledt Weh fhodes |3Q0@| aftd BE@DOfn% Vg Qoﬁﬁ?ﬂed Qo repeat the
deliver. the conmmunication to the central uni ck

copppynication\#h g rasdstarmined naBbee oh§mgslets (9f upderthe end of the frame)
h
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comsnuhidtagioni medulé.halowess, inhadfcoﬁddncé et ineicr Cﬁﬂﬁiodlments of the
tinmeslots were used to, deli ver t he communi cati on

Prgspt RXARLIOR, thf—’nmmmwsatmnva@@u &% agsgpigtedgmiah nﬁqi%%a%?t and 320D

ol e LA, RSBS00 n ot

refebtedc kodGnicatine mtamum cthel crmmanggeoe I’Iho(ﬂlﬂd ufremofwhich the
the central unit may configure each of the
comruni cati on managenent nodules within the network to



- 32 - allocate fromthat point onwards (until the

nunber of tineslots is next adjusted) frames including

t he adj usted nunber of functional timeslots N

According to further enbodi nents of the invention, the

central unit may be configured to determ ne that sone

of the timeslots in a frame2@re unneeded based upon a

plurality of communi cations received sonetinme before
comhmninatiomfwa facaived, 6oin elxiamalse, ifwthenordy ihdiastionarelates to the

certal s whi ch have been
COW@&‘Q?C\? %hésﬁ%ﬁ%% in a certain period

7?4] &I e h ve been recelvq(imseorretl nme before the end of
[0 1 Asgaudance i ses s ROdERIS Qb BReSEMHBYRHER( Ge gamber of
t11ﬁe'§ﬁ>t§ f‘ﬁ\fﬁlﬂ&& W‘bhnf gﬁ}?(‘c@ﬂﬁﬂﬂcaﬁeh tfraﬁrfésmgﬂ b§ )gﬁtgﬁhﬁ):d RYccBRiance

configur ed I'n ‘accor dance wt
withrthe dhinieme] swolbet berepetgpen n1e¢e|ssxaem ttd dnhveirfa doommucatiah from any

ock .660 IS the etermn d that | the functional
of QhEEEEY it &%, 5855 D OB HIL 2o PGS S some
embBBineRR dfethe BRéisént ihNRHERTHY BetRbH OHIn SR RY 9&@6§esmf%{eﬁmmng
of the central unit may be configured to determ ne

- thepyenbes of gimeslpts m@héerwﬂhmeeabhu fommunjqeEien Same-majeheca particular

no(llleS gli zh}lc?n-gﬁlncﬂlg{ H(gcﬁe ot p ¢ h%% | %(gd[etxg th%é]&f%j Sesr{)voH(atF S ckample,

centra

theBdHSﬁﬁﬁﬁjﬁQﬁ)dﬂdrﬁiy beud themasdraed comrd] it int Weich c&2ethe number of
“ |nvent| on, .t he_comyuni cati on managenent nodul e of the
40 bmitkclpdgd Fethin icgmmemicasionefiamgi mayt byrdetermined in

ac&ﬁéa{rﬁé G BE MRhifdal t hiRBLOLSY \ggflgfﬁltf(‘)ﬁs dt %ée%séi?} %€ deliver a

e communication to its destination I
comommicaticatironn ang afeheinodes at fiohe adestaim gtauprofdandengvithin the -

one f the buff i mesl. ots. a rdance th some
Bt & s cangend ed EOHRLAET: Ay B SSADAIGh foqs may B8 ARy of the -
otHeP ABUEY WikinQRe ABRWEIETR RihitPe4tk Sthd ek K8 Be Sinfelidts BN i8Eluded
more of the buffer tinmeslots were used to deliver the

WI&l@nmmnmaumcatlctnoframs Tgess be r@tqrmnedt he agnondserce m*lth the minimal

num%nct oe[]aelﬁx A negcleosts rrg)a%i ﬁ .| NGrenent eg gtéaccor gnee 4

Peih of RePRHIRRE Rotsrapndd stves, & pRELimiEton Jish @y of e nodes

wmhai th\eafetwm 16 QRN tHeaith@moties ithind®s tnefiadrk @R floBe4 cdftain node
to n+x). _ The conmuni cati on managenent nodul e of the

or gD A PROgsite apgyiaia sade gigreur AEnIsRTuNi cati on
managerrent nodul es within the network (e.g., sonme or
[07eﬁ Toe dtsq@ssamm’mlﬂvxcwﬂat@w magmh@renn Inggbe oﬂﬁmesiwe tobe

00 it Sl LR EOT A P He BT el v e
mihifgd] liﬁihfb@r b eepatbds Riesuiyber ddivef d%&ﬂr@tﬁlﬁéatﬂohrfﬁﬁh @h, of the

Nfts. [85] In _accordance with sone enbodi nents of t
NogRs & rffomrﬂ/éﬁﬁarlé rgromﬁ of podes) Jeitlip niha enetwerkt toathe Ctoﬁénand and

cofttl Clakif N afflo&ik: %Bul\ﬁef) 20 l&?e%iﬂ ‘rt]l‘lia? gsﬁ dﬁ%{'ﬁ OP&{] %b%\lfjef fthe present

comuni cat | on e cen
inventi@sisatos linsted muﬁﬂzsiretpacd eltivwoaitd bdrecadidyrapptir@n o thosd of ordinary
1ﬂ:lts dest nati on, er of tinmeslots, 1\18

léﬁg?eharb QW AR 6@&1@/ E&}eoqmbc@ggfnts ot tl@g)resent invention d1sycussed 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 or from a certain node or group of nodes to a certain node or

group of nodes.

[076] In accordance with some embodiments of the present invention, as mentioned



[86] In accordance wth sonme enbodi nents of the

present invention, for the subsequent conmmuni cati ons,

the nunber of timeslots sel ected above (whet her

adjusted or not) may be included in the frane

al l ocated for a conmunication until the nunber of

timeslots to be included i n28ach frane is adj ust ed.

[87] While certain features of the invention have been
aboV¢, eatlr friumd naaydindede rai mai}btdmﬂnfddmum’tmn yf tineksfoit aAs pars of some

et oL et Y priona e oAl et G hesiarS 5 b ftided in
catlh 68thSARAH SN BEmE 8 &a@iﬁﬁn@d &hﬂ@ @ %m'hﬁﬁfa!%ﬁ Q!)fttl{é network,

cover all such nodifications and changes as fa
- aswiitl e lesdiibed finy gregfsir detail belowh eAp milkd e ifemther descgtbed below, as part

: of%&%naboél Arﬁ.ls kc))g ?lgegpre etsnt fu? { Hg%at‘gl E%B%l? %%Qer o%ltlmes?ots to be

in€lodqdr irsiefdh fian@OoMANNbE altjneﬁﬂlcmmﬁ QPRIFEL dﬁm%‘! i€ operation of the
operatively coupled to a conmunicati on ule wthin
nefwWakdi st ri but ed network, said communication managenent

nodul e being adapted to allocate for a conmuni cation
[00} Heferengs is eowomrdatocBidna Wimh 1@@ ﬂ@\&d’@rtcl&inﬁrah@ed)f @fprocess

- of e%n%ﬂﬁlll i Cﬂ.ﬁ-gbé}uépt? ?S%tF tt(') %E nc ge{dhand ﬁ%ﬁm t‘g% rgrame,.as.

1 oNn rm orep ea ni C
paﬁt of%ﬁle()émmlﬂletlﬂsl’ﬂf&hé)tpﬁeseﬁt i&lh@ﬂtfdnan'ﬁh@bf@‘é@t éfddtednining the

nutmtl]agr g trlTrTlTﬂ.]éls%t% %ct) Ibg I;]nclude(cji 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 Nis (block 510). The provisional number (n) of .
timeslots Nis"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.k However, the present invention is not limited in this respect. In accordance
with further embodiments of the present invention, the provisional number (n) of
timeslots to be used may be substantially small, for example, two, in order to provide an
efﬁci\ent protocol in case only a small number of repetitions is needed. As will be
discussed below, if the provisional number (n) of timeslots is too small to allow the .
minimal number of repetitions necessary to deliver a communication from any of the
nodes within the network to the command and control unit, the provisional number of

. timeslots to be included number will be gradually incremented until it is large enough

for the communication to reach its destination.

[0781 Once the communication management modules are configured, the central unit,
for example, may instruct one of the nodes to generate a communication and a
communication frame may be allocated 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 N 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



a synchroni zati on nodul e adapted to synchroni ze the
comrmuni cation nodule with at _ | east one ot her

comuni cation nodule within the distributed network.
2. The nmethod according to claim1, wherein said

synchroni zation nodul e i s adapted to synchronize the
comuni cation nodule with s3d at | east one other

comuni cation nodule, in a nmanner so that the

destmatiomnodet daimg thendloaatdd tiame (aresé of sheaNe tayestdis ofiitheeframe)

0 omruni cati on nodul e and o id.at |least one. ..
At o SRR At PwBRSP e asamaThat Qs aucpatal ui Within the
neRFRP HEhD goﬁgglﬁé@bm fhat YReABlifhial of By BshhaRicadd:d #8m. the node

nodul e Ts adapted to bit synchronize the comruni cation

is thodenteal wmitt sai d at | east one ot her conmuni cation
nodul e. 4. The apparatus according to claiml,
[07@elwiaccerdandei methl come acrmbatimeahtsi of Itengiréseandneathbn,off it is

acie0s SOLTERPONTR et 2 Bredet et ned b 804109 2l Btinasion
no@PRRRIHHS aBCERIINA8e IR 08é BF he N, HMAEI16K Bf §RI flame), the number of
communi cati on managenent nodule is adapted to

timeslofs ube indheded cimnensh cfaamo Nurmdy| be. ingromepiesh by a predetermined
C nicati on at _one or re tinesl ots.of a

O S ore): B s MHip?) Ry BL P BF o8 l), A one or more

of GRNIvHIhEAEAtidN. management modules within the network (including all) may be

configured to include in each frame the updated umber of timeslots (block 560). 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. The communication- -

management modules within the network may be updated with the new number of - -

timeslots that to be included in a communication frame after each update thereof, and/or
- according to further embodiments of the invention, the communication modules may be

updated after a setup or a configuration process is completed.

[080] According to some embodiments of the invention, 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+l) of
timeslots in the frame during which the communication was rec;eived, such that N¢ = [(n
+ 1) + m)] (block 570), and the communicaﬁon management modules within the
network may be configured to include in a 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).

[081] Reference is now made to FIG. 6, which is a flowchart illustration of a process
of dynamically updating the number of timeslots to be included in a communication
frame, as part of some embodiments 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, 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



6. The apparatus according to claim5, wherein said
comruni cati on managenent nodule is adapted to
configure the conmuni cation nodule to transmt a new
conmuni cation at the first tinmeslot of the frane

all ocated for that comrunication. 7. The apparatus
according to claimb, wher eBh “sai d conmuni cati on

managenment nodul e is adapted to configure the
Nig ommiydingaz i selected dumebdro(m) egfefinctiommd timesl @atignand 8 5predefined

RS P S ST A RS B0 e, e

co@iiicHieA Y be tréhsmihe] RARMAGMSioACHP 'éﬁ'éﬂgﬂle,t 10 £t @nit, and
__Wherein said comuni cati on managenent nodule is o
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predeterm ned tineslot or until an indication is

this g, theeentiak unih anasobsraerfiearddon desssminepwhgther thy communication .
BRDELs, SHTLSANA R e BIGELIRD e By v
franecwhichdwvas allocated for the communication (block 640). The central unit may
be, in this case and according to some embodiments of the invention; a master unit and
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.

[083] 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
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 communication to the central unit, the number of functional timeslots Nz
may be reduced in accordance with the number of redundant functional timeslots (set
Ngs to n-y) (block 670). The communication management module of the central unit

may configure each of the communication management modules within the network to



10. The apparatus according to claim5, wherein said

comruni cati on managenent nodule is adapted to

configure the conmuni cation nodule to alter the

anpl i tude of each repetition of the conmunication.

11. The apparatus according to claim®6, wherein said

comruni cati on managenent nmoddtre is further adapted to

switch to a |listening node followi ng a transm ssion of
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(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 Njs to ntx). The
communication management module of the central unit may configure the
communication management modules within the network (e.g., some or all 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 Nis.

[085] 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 Ny may remain unchanged (block 695).



- 36 - indication was received during the |istening
node that the communi cati on had been transmtted by
anot her communi cati on nodul e, other than by a

conmruni cati on nodul e from whi ch the comuni cati on was
received at the comuni cati nodul e. 16. The
apparatus according to clarrPI5, wherein said

comuni cati on nmanagenent nodule is adapted to switch

[088] alns pepqedmpcerowish | someasmbadinianti ©ft thenpiesent einoemtazh, for the
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.the conmmuni catjon was recei ved, or beyond a predefined
tn?‘?%i%%?"olf‘? inclyged ingach Bameas edivdedkor ding to claim 1,
wherei n sai d communi cation nmanagenment nodule is
[08 b p¥ede tcsrtaial Eatures ol s invehtioniheve deet illvsmatddotsd tdescribed
[ .4 N.a C i.catign frane,in.accordance
hefp AR bt BB ot BB BEER 5w occur o
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. unit.  18. Pe appar.atus according to claim17, L
m‘iﬁﬂ@fide‘wog%ﬁ 6;1[ Wshmadibcationn apthehageee faHodthie thestrue spirit of the
in®g@pBLed to include in a communication franme a sel ected
nunber of functional tinmeslots and a predefined nunber
of buffer thneslots which are the closing tineslots -of
the frame, and wherein said comuni cati on nmanagenent
nodul e is adapted to sel ect the nunber of functional
timeslots to be included in a communi cation frane in
accordance with the nunber of repetitions determ ned
to be required to deliver the comunication-to a
.central unit within the network. 19. The apparatus
according to claim 18, wherein said comrmunication
managenent nodul e i s adapted to. adjust the number of
functional timeslots to be included in a conmunication
frame irn-case it is determned that the nunber of
timeslots required for delivering the communication to
the central unit is above or below a previous nunber.
20. The apparatus according to claim 18, wherein said
communi cati on managenent nodul e is adapted to adjust
t he nunber  of functional thneslots to be included in a
conmuni cation frame in case one or nore of the buffer
timeslots is used to deliver the comunication to its
desti nati on.




21. A nethod of managi ng communi cations wthin a
di stributed network, said nethod conprising: bit
synchroni zing a first comruni cati on nodule within the
di stributed network with a second comuni cati on nodul e
within the distributed netwgrk; - 37 - allocating a
comruni cation frane conpri sed of a predeterm ned
nunber of tinmeslots for a conmunication that is to be
transmtted by the first comuni cati on nodul e over the
Chad)pr:k; and configuring the second connunlcatlon
nmodul e to rgpeat t he conmuni_cation at one, or

Lt iAo 8PRsfatus, 01, AR Rgn AOPERNieHoRs Axithin| 4 eaa@aec# Qﬁt"‘toﬁ]é said

]ﬁﬁﬂmHQbﬁgkﬁﬁ 22. The nethod according to claim 21
erein sald first second conmuni cation - nodul es are
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being adapted to allocate for a communication within the network a
communication frame comprlsed of a predetermined number of tlmeslots and to
configure the communication module to repeat the communication at one or more
timeslots of the frame allocated for the communication; and

a synchronization module adapted to synchronize the communication module with at

least one other communication module within the distributed network.

2. The method according to claim 1, wherein said synchronization module is adapted
to synchronize the communication module with said at least one other communication
module, in a manner so that the communication frame and the timeslots are
synchronized on the communication module and on said at least one other

communication module.

3. The apparatus according to claim 1, wherein said synchronization module is
adapted to bit.synchronize the communication module and said at least one other

communication module.

4. The apparatus according to claim 1, wherein the timeslots are equal in length and
each of which corresponds to a predetermined fraction of the length of a full

communication frame.

5. The apparatus according to. claim 1, wherein said communication management
module is 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.

6. The apparatus according to claim 5, wherein said communication management
module is adapted to configure the communication module to transmit a new

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

7. The apparatus according to claim 5, wherein said communication management

module is adapted to configure the communication module to repeat a communication



23. The nethod according to claim?22, wherein said
configuring the second conmuni cati on nodul e, includes
configuring the second conmuni cati on nodul e to repeat
a conmuni cation received fromthe first conmunication
nodul e at one or nore tineslots subsequent to the
recei pt of the conmuni cati o83 - 24. The net hod
according to claim 23, wherein said configuring the
reg@vasindiringamgririnatironathmer endre timepletstsubseguent to the receipt of the
conmmuni.cation further conprises repeating the
COTEMHIEAUCRt i on up-to the end of the frame allocated for
tﬁg?connunlcatlon or Ptl| an_indication is received
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switching to a listening no [ ow ng a transm ssion
wasf rephated dynamdthert p«mmunz:ﬂtloﬁr hIEOChIﬁ hablerathenr by rag coromunication
ein sai.d switchin o a listening node
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eagletspaidtiaroofithe\ @amivoivatiodul e to further repeat the
comruni cation only in case no indication is received
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communication, and wherein during the listening mode the communication

management module is configured to utilize the communication module to detect
- transmissions from other nodes within the network and to inhibit outbound

transmissions by the communication module associated therewith.

12. The apparatus according to claim 11, wherein said communication management
module is adapted to remain in the listening mode for a predetermined number of

timeslots.

13. The apparatus according to claim 12, wherein said communication management

module is adapted to remain in the listening mode during at least two timeslots.

14. The apparatus according to claim 11, further comprising a storage medium, and
wherein said communication management module is adapted to temporarily store a
communication transmitted by the communication module while the communication

module is in the listening mode.

15. The apparatus according to claim 12, wherein following a listening mode, said
communication management module is adapted to instruct the communication module

to repeat the communication transmitted by the communication module only in case no



- 38 - conmmuni cation nodul e, other than by the first
comruni cati on nodul e from whi ch the comruni cati on was
received. 29. The method according to claim 21,

wherein said allocating a conmunication frame further
conprises selecting the number of functional tineslots

to be included in a comunic¥tion frame in accordance
with a nunber of repetitions determ ned to be required
infinatiere Wag ae¢aived: Haring theulistedng ode chat the monahunicdtion had been

. d according to claim?2 erein said.
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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

communication to a central unit within the network.

19. The apparatus according to claim 18, wherein said communication management
module is adapted to adjust the number of functional timeslots to be included in a
communication frame in case it is determined that the number of timeslots required for

delivering the communication to the central unit is above or below a previous number.

20. The apparatus according to claim 18, wherein said communication inanagement
module is adapted to adjust the number of functional timeslots to be included in a
communication frame in case one or more of the buffer timeslots is used to deliver the

communication to its destination.

21. A method of managing communications within a distributed network, said method
comprising:
bit synchronizing a first communication module within the distributed network with a

second communication module within the distributed network:
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allocating a communication frame comprised of a predetermined number of timeslots
for a communication that is to be transmitted by the first communication module
over the network; and

configuring the second communication module to repeat the communication at one or

more timeslots of the communication frame allocated for the communication.

22. The method according to claim 21, wherein said first second communication
—modules are synchronized, such that the communication frame and the timeslots are

synchronized on the first and second communication modules.

23. The method according to claim 22, wherein said configuring the second
communication module, includes configuring the second communication module to
repeat a communication received from the first communication module at one or more

timeslots subsequent to the receipt of the communication.

24. The method according to claim 23, wherein said configuring the second
communication module to repeat the communication further comprises repeating the
communication up-to the end of the frame allocated for the communication or until an
indication is received that the communication was repeated by another communication
module, other than by the first communication module from which the communication

was received.

25. The method according to claim 24, wherein said configuring the second
communication module further comprises configuring the second communication

module to modify the amplitude of the communication at each repetition thereof.

26. The method according to claim 24, further comprising switching to a listening

mode following a transmission of the communication.

27. The method according to claim 26, wherein said switching to a listening mode
comprises remaining in the listening mode for a predetermined number of timeslots

after each transmission of the communication.

28. The method according to claim 27, wherein said switching to a listening mode
further comprises configuring the second communication module to further repeat the
communication only in case no indication is received by the second communication

module during the listening mode that the communication was transmitted by another
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communication module, other than by the first communication module from which the

communication was received.

29. The method according to claim 21, wherein said allocating a communication frame
further comprises selecting the number of functional timeslots to be included in a
communication frame in accordance with a number of repetitions determined to be

required for delivering the communication to a central unit.

30. The method according to claim 29, wherein said selecting further comprises
adjusting the number of functional timeslots to be included in a communication frame
in case the number of timeslots required for delivering a communication to a central

unit changes.

31. A system for managing communications within a distributed network, said system
comprising:
at least least a first communication management module associated with a first
communication module and a second communication management module
associated with a second communication module, said first and second
communication management modules being adapted to allocate a communication
frame comprised of a predetermined number of timeslots for a communication that
is intended for being transmitted over the network, said first and second
communication management modules being further adapted to configure,
respectively, the first and the second communication modules to repeat the
communication at one or more timeslots of the frame allocated for the

communication; and

at least a first synchronization module associated with the first communication
module and a second synchronization module associated with the second
communication module, said first and second synchronization modules being

adapted to synchronizing at least the first and second communication modules;



