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Network Field of the Invention 5 The present invention relate aG%h 2006
unlimted e ts network and -refers particularly %R]@
vﬂ%(imﬁb';@?ln cf“#ém VW% ks and

exclusively, "to an unlinited participgnts network provi

communi cati on between participants. Background' to the Invention 10"
Mul tipl exi ng users over tinme or over code. of spread spectrumare the

exi sting techniques used to better utilize.the radi o spectrum by all ow ng
multiple users to share the smmmitehpaticipants Nafwoek . TDMA stands for "Tine
Division Multiple Access", while CDVA stands for "Code Division Miltiple
Access". Three of the four 15 words in each acronym are identical -

"Di visi on Ml t Figldeof foeclavention since each technol ogy essentially achieves
the sane goal. The goal is to enable nore than one participant to carry on

a conversation_on the sane_physical] channel w thout causing, interference.
20 Wher et hi ¢ T PieRen SRBEIBo el b, &1 SMPRed atRie nRTR AT e

partici pant s s hatfieiarly, Heough moipexclugigaly te en ulTDIfRd partidinantiastwdne pokidingiel. | nt o
-sequenti al  Ti gRa ik ShPcomnRfttiddHetieeh Paiklipaals. t he channel "takes turns
transmtting and receiving.. Therefore, only one participant is using the
channel at any given noment, but they use it for short bursts. They then
gi ve up the chBaskgroundretitednventiot 0 al | ow ot her users to 25 have their turn.
This is sigidar to how a conputer with just one processor can run nmultiple
appl i cations aﬁpar ently sinultaneously. CDVA on the other hand really does

| et everyone t MUHRIPNNG Upers; pier SEIReCT tqvRReCodGyPhSPreRfhRRRCIIM §i the $X4stiRg speci al
form of - di gi t alectimaged asddan beidr luaitke tiEpratia dp&pest bylnbwing thulipleisérsion of

modul ati on takggd Be DA AIRANLHBAGKEES Bkt STARIpRRIFAMFmAL M  acr oss
a very wide. channel 1 n a"pSeudo-randomtashion. The "pseudo” IS

i nportant, si nféEetnhavhile EBMAstands Bf "Gode Riyisonddiltipiediscesse Thiagbihe 4t i on in
order to ¢l |eets 'irh@chidcﬁm?@@ﬁé liRshtidan - aDRBIOE MURIpleOAEtREs" -3ince c26HTE ne:1 wor ks
are "one to ong" ach. rtici ts,. in tur ransm t o the

| ocati on wher et%fwgﬂg%gﬁ?e ngaﬁ){ ﬁ%'%%ﬁsrsa%f ng‘e%ﬂﬁgﬂ%ﬂﬁ(&"ﬁ‘@f\rﬁ%ﬁ @a'ﬁ esi di ng.

one participant to carry on a conversation on the same physical channel without

causing interference.

20  Where the two technologies differ is in the manner in which the participahts share
the common resource.. TDMA divides the channel into sequential Time Slices.
Each participant of the channel takes tums transmitting and receiving. Therefore,
only one participant is using the channel at any given moment, but they use it for .
short bursts. They then give up the channel momentarily to allow other users fo
25  have their turn, This-is similar to how a computer with just one processor can run
' multiple applications apparently simultanéous[y. '

CDMA on the other hand really does let everyone transmit at the same time. What
makes it work is a special form of ciigital modulation called "Spread Spectrum".
' 50 * This form of modulation takes the participant's packets of bits and spreads them
' across a very wide.channel in a psesudo-random fashion. The "pseudc” is -
important, since the receiver must be able to undo the randomization in otder to
- collect the bits together in a coherent order.

35 . Some networks are “one to one” and each of the participants in tumn transmits to
the location where the task of the Master Of the Network ("MON") is residing.
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where the connection is "one-to-many". That is, nmany are all \%e to Iéab%n
to the ”E%f@‘%df@%he one is transmtting. This type of 03/
participants to travel far out of the,MON range. Once all " participants keep
the Tinme Slice that was allocated for them the network is functional and
stable. 5 The simlarity in the CDVA systemis allocating a code of the
spread spectrum rather than Tinme Slices in TDMA. This type of network

cannot al | ow a TRgw a?@éthér%%ﬂés vl’rHérd b BorInB&:oﬁ"?st Weiekio W{éﬁﬁ‘ ikt is JnQanﬁrr omthe
MON, as they can

ice.or
sol ution for t ﬁesa%wgﬁpﬁﬁ?q @%fed“%ﬁs?%c%'%"%edﬁ rﬁnsﬁ'tﬂl@ Sé\éosquh new,
j oi ni ng parti cisficwst partitipants Brgyel fai ait phihe MGN ganger()rrcelaﬁ\pamblpavﬁ\kaeagul ations

regarding the kﬂﬁ.m.;@ﬁae%twss SIB&& 8 e %é&%z@@mnonl'ﬁnas{%%wi on cannot

15 acconmodate the arrival-of a new participant where all spare Tine
Slices/codes are already allocated. Existing technologies for
comuni cati on ITeé wadarityrovthe COME systanpirfilscatiy) & @sde biethe isprebict sifctram

di stributed W\Stlpéfth%ﬁ?lha%%%ﬁ‘rﬂﬁiﬂt having a pre-calculated priority |ist.

20 The size of the priority IS the nunber of Time Slices avail able
multiplied by the maxi mum nunber of participants allowed. For exanple: 1.
A networ k wi t hThis igpsiofmstwork calidt Rt 4 Aévp paticipaanith j3iAGhelheork Shee e per

second, nqus tfrgm% ba‘sttlﬁgﬁgnn% be%]gca[téga rkewsllnj{xﬁgﬁce)%rgodebl ts of user ID X

500 participants = a maxi mum of 1000
participants and 200 Tine Slices per second, needs to have a table of.

20.0 Time SlicefeXnduh sdﬁltub@fdﬁfthlélfa%bleﬂn[?slb 311304 Bpdré lTﬁhéJBl“He§ for e2ndl@OKbi ts 30
The size of thetablelnc e r.el atedLe}(‘){ ncrﬁla,[selnthe

number of par FUEpRHILPAELC pﬁ?‘“flpc??ﬁ'ﬁ HalVef o™ tF?g A¥ P est of the
net wor k' s part regadimat e j utiézafiprs tof cﬂparenémmﬁimea‘e@ﬂeersTtlihasollalple cahndi n

recei ving nanggcddimbolifte BR' drival Bed hew Emapdn?@ﬁ@e taf spate Tirdd BfccSBsRage Si zes.

For ex I
or exanpl e: are already allocated.

Existing technologies for communication between moving participants solves the
issue of a distributed MON by each participant having a pre-calculated priority list.
20 The size of the priority list is the number of Time Slices available multiplied by the
maximum number of participants allowed. For example:
1. A network with a maximum of 500 participants and 200 Time
Slices per second, needs to have a table of: 200 Time Slices x 9
bits of user ID x 500 participants = 900Kbits
25 .
2. A network with a maximum of 1000 participants and 200 Time
' Slices per second, needs to have a table of: 200 Time Slices x 10
bits of user 1D x 1000 participahts = 2 000Kbits ‘

30 The size of the table increases linearly related to the increase in the number of
parficipants.

Each participant has to share with the rest of the network’'s participants ifs list of
network members that are within receiving range of the participant. This leads to
35 large message sizes. For example:
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maxi mum of 500 participants and 200 Tine Slices per second, erjt 2696
nmessage n SookQofRss 9 bits of user ID x 500 participal T Mlﬁggg'o .
A net wor k%ﬁ?t% g maxi num of 1000 partigi pants and 200 Tlri;néns_(g Pces per

second, the network nmessage needs to be: 10 bits of wuser ID x 1000
participants = 10Kbits The size of the network nessage increases linearly
related to the increase in the 10 nunber of participants. The network
msssagfe hﬁs to be tr1?nsg1'At hdflorR \ifith 4h@xiﬂ@h\é\@=r%mlwarmht§pﬁdtmi et .- Ehi s
size of the nessage | eadsg,.to congesti,on an elay, and.ippact.s qn the size
of the Time Slices requi %@?fsfng S%SE‘% tﬁ%@%‘.’m‘fﬂ'@esé#s?eleﬁﬁ tos%%( #"E)Snoqf or
distributed MON is fine teariiappddreaiciperts =#iSKhitsa | ow nunber 15 of
participants. Increasing the nunber of participants incurs the penalty of

| engt hy transm ssion cycles, high overheads, so forth, he stage
that this sdlution #s - ﬁo“elt‘%?ﬁ%g"ﬂth B Bty of @Iﬁhrﬂ‘ﬁ??paé‘fs ?'Weéq%n'b@ﬁti on 20

According to a preferredsSfie@speo$ecbin; ther etk mersagatneeds tblver €0 bils ¢ir ovi ded a
met hod for comunicati opsh@d pgfﬁ HaHid My digfls nunber of participants, the
met hod -conprising the steps: Eag a f::)cati ng a unique identity to each
participant; (b) allocating an order of priority for transm ssion by the
partici pants basesize 28%he netatrk Oticdedigedicrdabes linehrtyurelatedamthietin@sgse antiie(c) i n

St ofo ooy RSP LI B e Gl eage B U1 1

identity of the particCi 1) uniq entities of all
partici pants i ReWatk by&grl partickpsint dhig pige pf e Measeaggieagsde icengsttioniasd nay be
t hat a hi ghest gsiay, duEimpaenbn thy sizs offthd Fifne Bidds requiréivesdachiDéiue i dentity is
| ast. Each participant may have data to support a decision when to
transmt. The nmethod nay operate in a node selected fromthe group
consi sting of Sheagfisting prutien fap distripyfed MEONJefineTiappligrtignstydtha inmavpkEar OF t he
Net wor k di 351 i btitaRfdipafNBerédsing B AuntdePaiiaRticipdfts incurs the penalty of lengthy
transmission cycles, high overheads, and so forth, fo the stage that this solution is

‘no longer practical.

-Summary of the Invention:

20  According to a preferred form of the present invention there is provided a method
for communication between an unlimited number of participants, the method
comprising the steps: '

(a) allocating a unigue identity to each participant;
(b) allocating an order of priority for tranémission by the participants based

25 on an order of the unique identities; and ‘

(c) in each iransmission of each participant there is included:
0] the unique identity of the participant; and
(i) a list of unique identities of all participants in the region.

30  The order of the unique identities may be that a highest unique identity is first and
a lowest unique identity is last. Each participant may have data to support a
decision when to fransmit. The method may operate in a mode seiectéd from the
group consisting of: stable, power-on, and merge. There may be a Manager Of the
Network distributed among all participants.

35
The method is equally applicable to TDMA and CDMA.
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2004/ 107621 PCT/ SG2003/000268 4 The region may be a | ocal bu%gaan?} bbﬁea
yc

partici paRts siaMoRs free to nove in space. A participang.
time slice o? a plurallty of time slices of each transmssmn C t he

time slice being allocated to the participant based on the participant's
position in the order of priority. Preferably, the participant can not 5
transnmit in tinme slices of the plurality of tine slices allocated to other
participants. The rgyhtrhai ﬂiba@Uocﬁlﬂ)ﬂbﬂ@tanb%e’vlbérﬁ:iﬁaﬁtstm@ﬂﬁﬁrée tonibve ihhe

part | ci pant haé%acgcﬁlp&? 9 ?aa}xt magé é‘n%n”%t?r}éf?rf:‘%&{cg B? rﬁldtralﬁ# m[{'ne%ﬁéey Fé%%ﬁnt s in the

region so the p s in the
regi on before W@ﬁ!&s@ioﬂtch/% the imaslise being wliespted ﬁ‘étfﬁlﬂﬁlﬁﬁlpﬁmtwaé? en e slices

may be reser VeEaﬁl@;ﬁan[’@béﬂit@Hﬁrﬂ% or@?%f@ﬁontﬁDIPﬂef@éhN higs pémtr@int tah Rdt tine
slices may B%t f.or a cont be able to be

used for nH %tém? ]8"5’? A %&H'{t@r#?@? fﬂfﬁ? alB%“iéd tBSF‘Ff %’%“mpﬁﬁy be an

announcenent corridor time slot. 15 I'n the stable node all participants in

the regi on mayrthe é}‘kf@ﬁa‘ﬁt Fﬁfay ‘ﬁ@l.clkb QEI@?J tr@r&q'ut Jntiethé‘kégr*ﬂéiﬁar@fha@?écbw&d pants may
be known. The nu annguncene t corridor

time slof may BaneaTHsiof fro Al ST P mERISH T reqon Dt PRESILE PRI ¢ ol 1

next tine slicteasmbersfiparidpantsirethe wgloe befofe trapemittingi pants in the regi on, and
the portionp, A transm ssion may be divided into time slices based on the
nunber of participants in the region, the gﬁetlm Fants beln aIIocated a

time slice. accﬁrpait'ﬂ‘g"fttBe piyeity of fime slises pay b aseived "BP"FQ(S‘F‘"‘iey _
transm ssi on  magrel df cheipleralith ef timendliess mdy tpma{em foi geomirsl dhmrteheTheengrton The

region may be ?¥ LQSEE’IL t@Hgme‘a'fe anln QMQ)P'a% ﬁ)aﬁ]tf ﬁle% Ftﬁrdependant

on a range ansmitters us F Cl pa I'ocal bubbl e.
30 There may b@ahbﬁﬂﬁf‘aPﬂﬂcwwc?@@Qf@WSSb here bei ng a pI ural ity of
participants in each regl on, wherein adjacent regions may be rrerged upon a

first part | ci p@i%e stnblg1 Ider: %ﬁ Barflé?;%ln% In &S gglgljl H\gy Be taw%%?’eéﬂ &fkr alhgm a second

participant i'n a Sec
the number of partu:lpants may be known. The number of time slices allocated to

_ the announcement corridor time slot may be pre-allocated

20 Each participant may determine their next time slice as a sum of: the number of
participants in the region, and the portion.

- A transmission may be divided into time slices based on the number of pariicipants
-in the region, the particibants being allocated a time slice according to their unique

25  identifier priority.

The transmission may include the number of participants in the region. The region
may be a local bubble. The local bubble may be of a size dependant on a fange of
transmitters used by the pariicipants in the local bubble.

30
There may be a plurality of regions, there being a plurality of participants in each
region, wherein adjacent regions may be merged upon a first participant in a first
region receiving a transmission from a second participant in a second region.

35  Ina final form, there is provided a computer usable medium comprising a computer
program code that is configured to cause at least one processor to execute one or
more functions fo perform the above method. '



35. In a final form there is provided a conputer usable nedi um conprising

a conputer programcode that is configured to cause at Ieast %@@tﬁaﬁg
200,

to execut re functions to performthe above
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In order that the invention nmay be readily understood and put into
practical effect, there shall now be described by way of non-limtative
exanple only preferred 5 enbodi ments of the present invention, the

description belgmfmstchp{,&{&rtﬁ@ggm,{gst he acconpanying illustrative
drawi ngs, in which: Figure 1 is an Illustration of the system arrangenent

for different participants; Figure 2 is a flow chart for a stable node; 10
Figure 3 is a fil adercchatitie ifwentian thay st rebdily nmderstoueleed pohinivgoketical Bifglire 4 is a

f1ow chart 101 o Sl B Bl ROHP P ABinianfd S ficPohp phedre™ char

for athird formo ower on w cha Tor a
partici pant 3i neﬁ'b%'"ﬂﬁ’ﬁs ghihepgeent invenfign. ghe7d"r's§”9<¥°'? P@jDg E’theﬂ'er?rt‘}ﬁ Wi rst form
of merge node; addniphiliHgailuStratBe Grakvingsyvirodtaent for a second form of nerge node;
and Figure 9 is a flowchart for a participant in a nerge node. Detailed
Description of the Preferred Enbodi ments 20 To first refer to Figure 1

t here are showfigtigrldean Besiptian abihe systerp arrangengeny for giffeneptagriicipgisl bubbl e 10,

12, 14 may exi $tguﬂem;s§héﬁgqaﬁlfmrbﬁb@}ﬁodeor nay be-defi ned two,

dlnenS|onaI y din i ants 16, 18, 20, 22, 24,
26, 28, !’ 3%’98@2"5% %@“&?raﬁa“hyéﬂé’ PREY “‘%degbl e 10, 12, 14. The size
of each Iocal Flgmgml@aﬂ@vck@gformem@fqm%pqy@rglamp@@ according to need,

requi renents apgu,@rgqsgﬁomé}{aﬂrf@aqﬁmtf&ﬁ,@g&)}érgh%aés The | ocal bubbles are-

def d by th h t t d
p?oi)ggatl)c/)n %@ﬁ’g dﬂag""bgﬁﬁlf‘g ﬁ'F'p@W‘salpqwﬁrg'?'ﬁ? eatrzll Irrglngﬁgns aint may be

referred to i nFigue 7d$ aflovedtaridor aififst fopg of merde medajesi red. For exarrpl e, if the

participangs a?ﬁuﬂe%fl@é‘ﬁcf\&/mﬁffortar%ﬁcéng?‘cﬁ‘llnobh'lgr@le%dégnd 12, 14 need 30 only
exi st in two difrensions, be rel ativel &'ﬁi%l . Again, if the
eta

partici pants aF@”rFé’ﬁ%laWﬁ?'@Fécgaé’ﬁE'ﬁ'p%@'”?'B?’g% nks, APCs, and so
forth wwith alimted range, the |local bubbles 10, 12, 14 need to be | ar ger

but may still Bgtafl&:ic I%srcﬁgtlélpoﬁﬁe Preferred Embodiments

20  To first refer to Figure 1 there are shown three local bubbles 10, 12 and 14. Each
focal bubble 10, 12, 14 may exist in three dimensions, or may be defined two
- dimensionally depending on the nature of participants 186, 18, 20, 22, 24, 26, 28,
30, 32, 34, 36, 38 within each local bubble 10, 12, 14. The size of each local
bubble 10, 12, 14 may also be varied according to need, rebquirements and the
25 - nature of tﬁe participants. The local bubbles are defined by the range of the
transmitters of each participant, and propagation. Although a bubble will exist in

* three dimensionis, it fnay be referred to in two dimensions, if required or desired.

For example, if the participants are infantrymen, the local bubbles 10, 12, 14 need
30 only existin two dimensions, and may be relatively small. Again, if the participants
are land vehicles such as, for example tanks, APCs, and so forth with a limited
range, the local bubbles 10, 12, 14 need to be larger but may siill be referred to as
a two dimensional bubble. For long-range land vehicles such as, for example,
lorries, trucks, locomotives and so forth, the local bubbles may need to be even
35  larger but still in only two dimensions. When the participants are water vessels
such as, for example, warships, the local bubbles may again be two-dimensional



a two di nensional bubble. For |ong-range |and vehicles such as, for
exanple, lorries, trucks, loconotives and so forth, the Ioc(\?% bl ?\SZBBé

need to ng g&gm’%z{ arger but still in only two di nensi 0[?}2%

partici pan are water vessels such ; for exanple, I pPS, e Iocal
bubbl es may again be two-di nensional 28 March 2006 WO 20041107621
PCT1SG2003/ 000268 but may need to be quite large. Wien aircraft are

i nvol ved, the |ocal bubbles will be three dinensional and relatively

large. All par H&gﬁ %Bc?toaﬁ ethuﬂﬁ g2 [\WienBRteYatt @re 19\!'&\1959&{3 Reaibustidsampry from

time-to-ti nicatiQ eween art|C|pantSW| normal |y be by radio
frequency. Locﬁ?thf%lﬁiﬁmr@m%ﬁ”?@d relfvely l&8%-pe i nfl uenced by t he maxi num
transm ssion range of transmtters used by the participants within a |ocal

bubbl'e. All papgi s&.agg)% Megegm AR bt/ maf @k diohdr? 3R e it 1 @ 1 ocal

bubbl e, the i den rim nes pri or Hy e order of
transm ssi of i ﬁomﬁémqwbéty’é?fbpam%@”tshff"bP@'P"aliyh'@ Pyradio @QH?'{?HerLo?ql\ t he

priority order bqulet bige F%lgoyﬁé Gnflubhced, bybifie Dhaithuhh n@nrisstorp &anbé of pant wi t h
the capabiliti a'}sﬁ‘é HSF‘?{’VQ?B&“J‘&%‘XEI"%WE@"al}@cgfb%%‘gf the Network {"MON') each

participant ha require 15 decisions. In essence,
the MON is equally disturbed to all participants. Furthernore, each TDVA

cycle incl UdesA@Fhrﬁﬂ‘H&ﬁ!é%@é@ﬂﬁer@ﬁ[ rﬁoﬁlﬁértac'ﬂaﬁ@ withitta lodal ABDR, thetdeatity i S a

pre-determ ned,al, tjo in

control, géher gﬂ% n‘%&'ﬁﬁﬁﬁ'e pﬁﬂ@P %frrfﬁ%ﬁrﬁ%r Oﬁgﬁqsnﬁﬁsloﬁém}%ﬁem?%%@gnunber 20
of Time Sli ceshighdrtedd.dbe bighcADTS: privyityloelef in thed DM cyeler i ed, according to the
nature of the local bubble and its partici pants. For exarrple it may be in

the range of 5 to  25%0of the Tine [ abl % transm ssion
by partici pant &!sg: nbyap‘P%iﬂ'%F EB%B?"EC‘%“F I""ﬁ'i1 i’?ﬂ E@@Lﬁ? |?r>él é"Ct?ﬁga P2as the 25
I D of all ot heMagiardf theiNstwiirls (‘MONNeae pagitipbyt heh theailityite mplssnail requirgd evi ous
transni ssi % CYfeie lﬁresée%a@m.»«aom RSB iRkl RicRAL] i pants is al so

i ncl uded. lTmt tO previous transm ssion cycles, if a participant
| eaves the Iocal bubbl e their absence is known within one or nore
transm ssi on cy@ihesnordrgcli TOMA dyclkeindiides @ ArmamndementeCatidop Cldmve@lot To pr event

ey OPA P! b0 pREIHER A A Bt SR ﬁ&hﬁenﬁmaﬂ&ﬁ%u@pde at any

mar gi nal connu on dr stance ystereS|s I ncl rovi de the
necessary buff @r‘-’o'@ifo‘ SeRejmesTaginge Bact ﬁt"P‘éﬂ‘fe'B?”tto BeVS (REMAsFs a8 ke one of
t hree pringg pabs 16l Sices afidcaieli & ACTS may be fixed, or varied, according to the nature

of the local bubble and its participants. For example, it may be in the range of 5 fo
25% of the Time Slices, preferably 10%.

All transtnission by participants in a local bubble will include their ID, as well as the

25  ID of all ofher participants as received by the participant in previous transmission

cycles. Preferably, the number of known participants is also included. By limiting it

to previous transmission cycles, if a participant leaves the local bubble, their

absence is knbwn within one or more transmission cycles, and their Time Slices

, can be re-allocated. To prevent the system from vibrating between a stable mode

30 . and a merge mode at any marginal communication distance, hysteresis may be
included to provide the necessary buffer or offset.

The operation of the system may be in one of three principal modes — stable,
power-on and merge. The system may vary between all three modes over a given
35  ‘time, but at any one time will be in a single mode only.



power -on and merge. The system may vary between all three nodes over a
given 35 tine, but at any one tine will be in a single m)dé‘% %@006
2004/ 1076?10 2006 PCT/ S&2003/ 000268 For ease of

stabl e no vv|II be described first. '-I;hisisillustrate |gure32and
3. 1. Stable node 5 As shown in Figure 2, all participants in a Local

bubbl e are aware of each other and thus the nunber of participants is
known as . is the identity ("ID') of each participant. As the I D of each

participant i sfpknouer diensRbAIRE s@ble Riob® Witk dbserilistiiMt. ThibisQherdtedi® first,
| owest I D last.. The nunber of Tine Slices allocated to ACTS i s

pr edet er ni ned Fiousg? 8843 As such the total number of tine slices in each
cycle is 10 known., Therefore, in a stable node, each participant has the
same known dat q: tggbgmgr of participants, the nunber of ACTS, the total

nunber of Tine Sllcesm each cycle, the |IDs all participants and the
transmi ssi o pfP &R9HNyn SiE: 2 affpeticparits \na,Locat %{%LIS FHa ?rRﬁ’BWFR% €4". 15 The
partici pant wi tid thug lties hurhti2r vé pattitipants igHitnowio as de ttehiderdtityr ID")Tofneacsl | ce of

the TDVA cycl Bar(léq%aﬁt Aﬁﬁe R?Qr'é%&'. ggmﬁbfamt.bgnmnﬁym&%fp%emy}éqénaam On each

nmessage, each I Ci'p comm t not transmt in
any Tinme Sli ceh'ﬂ'@ﬁSt 'Ddfrﬁ*o@&?ﬁtdnt'%ﬁtt hesnyredes epTimeiicescapiagated s A4S way, al |
participants Wpﬂehetérmmnagrgéu A siieh b itatalSiumbendliimb shices inamisojcte isn t hei r
turn. Each par um of 't he
Nunber of I3>art|k'1:O ﬁlﬁ&eﬁ)ﬁet @%chfoﬁg {)aﬁpgéiw%%tgé%m §L%g3@é 0%‘ﬁl‘iﬁe nunber
time slices isthealmbgraf pafticiparis ihe sumler of AGIS: thesteiphmumben of Tige Sicss in5 and

ACTS = 10% t h@él:h‘b?c]é‘ tﬂ@%s&f‘éﬁpﬁ@m%tsﬂh@rtﬁ Pérdmiskh phidtiysoriEl Bhistise  TDVA

network wl | ycI e of 50 Tinme Slices The optinal update
rate, in accor %gbtfm#ei?% age si ze, determines the cycle duration,

and t he nunber of tinme slices, |n an optimal cycle. There are no 30

benefits tgs Comﬁhﬁ:ﬁhhﬂ&hfwgﬁ&ﬁ ID bddaRe fidherodRs tl'lre‘?ﬂat tﬂﬁféf:ﬁh@e sakerDiAer ef ore
when there are fewer

d
rate, the cycPEeW? Ithﬁg?g'?r@'@gé}gﬁeo'éwlﬂmf °§' ‘%@? Fheacn Tas2Bl, By Update

patticipant makes a virtual commitment to not transmit in any Time Slice not
ailocated to them (except for ACTS). In this way, all participants will have enough
Time-Slices in which to transmit in their turn. Each participant caiculates their next

20  Time Slice as a sum of the Number of Participants in the Local Bubble (“NPLB")
and ACTS. The number time slices is calculated = NPLB + ACTS.

For exampi-e:
If NPLB = 45, and ACTS = 10%, then 45 + 10% x 45=50
25  Therefore, for this NPLB, the TDMA network will be stabilized on a cycle of 50

Time Slices

The optimal update rate, in accordance with the message size, determines the
cycle duration, and the number of time slices, in an optimal cycle. There are no

30  benefits to communicating faster than the desired update rate. Therefore when
there are fewer NPLB members than the number for an optimal update rate, the
cycle will not reduce beyond the optimum. '

For example: Assume the previous cycle size of 50 is the optimal size to achieve
35  the desired update rate. if the NPLB is smaller than 45, the cycle wili remain at 50
time slices as this is the optimal cycle size. '



For exanpl e: Assume the previous cycle size of 50 is the optinmal size to
achieve 35 the desired update rate. If the NPLB is smaller t tQS
cycle W | hyéd it S0 time slices as this is the opti ,Sé@%%gge. 08
March 2006 WO 2004/ 107621 PCT/ SG2003/000268 8 As the stable nobde known
data is known to all participants (39), a new communication cycle begins
(40). AHl participants transmt according to their ID priority using the
procedure described above. For exanple, the participant with the highest
ItD 5_I tshgl \éen_ t g ﬂhégsfctébtnéﬁfmédbr?bw? fcﬁ;’éﬁﬁﬁ: KSdva 15 Qll h?rﬁmjplb.:ns nas), spead ﬁny tine
a e begi nni ng aof the e i st.eni ng, and. w transmt.their
nmessage first fgﬁ'ﬁf’"'ﬁﬁ%ﬁyc‘\%ﬁﬁg"\sl{gﬁ f‘)‘llélpa '?[?eg‘ﬁ tr?ngp'"tfcﬁ?ﬁg%%nuﬁ%g? of tine
slices. Gven pligihaisingdhe prepdpedesaribddsabaie. IFobexamplet herparf¢ipanbwith e t hi's
;; ??_ec_t heyt wi | hiﬁhéﬁlﬁkﬁﬁs %i@en%hé i r@mraltﬂag«?mimﬁm Rswill fr&)spendgé}@_tiﬂ@ﬁ r emai tni ng

i ci pant _wi i ghes Wi e nex n. priority, an ransmt on
the next Tife g'iei tl‘?@.ﬂ"’ﬂ? pf t}’%ﬁ%ﬁend‘*??aﬁ}?a'w F‘E‘i‘ Hgﬁr[%ﬁmlg{be%/ﬁ@ﬁagig@s% @‘fﬂpri ority,
will |isten toThéy wilrthers he sidnbits avatownanumbghef tipe istivest Giversheeaole
participant  tLansii bSs wilhe o disesC ANHIsARIRING Wil §ES Bl diSrelnbinhie
transmitted data I's t s('awsame as tlhé s??lﬁgl_e g?fodeﬂ_ﬂlnoﬁ{o?a%'gegéf%@ If the
transmtted dafgs§ages k)-sdhe nextHemaiuigg paIFicipgnt witk thighest D il B BeXide and a
new cycle w | | pesitpremdel {a3)nit oftheeextiTiee Siich.e Al sestating\phitibipants, bpthpibw_er up
ilont ot the [Keel Bhien BHIHShen SRR AR ek, RAEch BoBR & < ith o
hi gher 1D to t sV tthafqtn i eRudeRgdsp deterpipe Bthe §ansRited 873 dnthe SP%ten to the
'are;agfm ﬁzi p?si aﬁa}eeam paté kedwpadita t@ﬁﬁa’ﬁhé #randniited d’hﬁ? thf sﬁrﬁé]Sthélgr eg to

[ mpde known

data (42). If Stee"{ \rﬁﬁa]t%[sg}htiri ?‘%Ddg g’%?ea&?dsé n%? ﬁ’?bhﬁggwﬁgﬂiﬁg?%é@yg@e?nw\g\? Il goto
power up node hagysterowii@p it rewer wp nedet#d. time for the medium I D priority to
‘transmit (#43) and continue the process as explained earlier. The -
participant transmts their. own nessage.in their al ted.Tine.Slice, in
priority or derﬁ'(aﬂ')“}'?rl%aé’ﬂert%@e%gg%@e%gécfpﬁat ‘%"Egﬁg'ﬁe'n"t %@Eﬂ bs ing@L sages from
partici pants wihehkyce Gdvalipwing dltparticiparts wiiy o bighes 1 tortespernii whfle tipgpediyiel,  agai n,

the data for eggf gp%nfe@aﬁt'g Jases RS raRaiisibRs ANdheh pOTBIRIE daiinlith, théie stabl e
node known dat

45) . | f E)e result at ste ?5'5 es after h

parti ci pant ha‘zla fsa‘g?gﬂfj‘?r?‘%  defggin iféll’eetr?”é‘v'g're Sa{ads ﬁ\eesﬁ'mﬁfseihe&gﬁe
.20 mode known data (42). If the transmitted data is not the same, the system will go to

* power up mode (46). Otherwise it is the time for the medium 1D priority to fransmit

{(43) and continue the process as explained earlier. The participant transmits their

own message in their allocated Time Slice, in priority order (43). Upon the
message being transmifted, all messages from participants with a lower priority

25  order are received (44) and, again, the data for each is considered as received and
compared with the stable mode known data (45). If the result at step 45 is yes
after each participant has fransmitted, the cycle reveris to step 41. |

If the resuit of the comparison in steps 42 and 45 is ever ".no”, the system reverts to
30. power on mode (46, 47) (described below) as either at least one new participant

‘has joined and/or at least one participant has left. After the number of Time Slices

in a complete cycle from the first transmission by the participant with the highest ID .

a new cycle commences and the participant with highest 1D will again transmit (40).

After the number of Time Slices in a cycle has been completed, a new, identical

35 - TDMA cycle will commence.

2. Power up mode



If the result of the conmparison in steps 42 and 45 is ever "no", the system

reverts to 30 power on node (46, 47) (described bel ow) as ei at |
'ﬁgdg%%ﬁﬁﬁg*ﬁ-ﬁ%

one new paFd bfolReyat; has joined and/or at |east one parti
After the nun@e’? o%lTirre Slices in agonplete cycle frolfnqt e ?II‘S'[

transm ssion by the participant with the highest 1D a new cycle commences
and the participant with highest IDwIIl again transmt (40). After the
nunber of Tinme Slices in a cycle has been conpleted, a new, identical 35
TDVA cycl e Wi | n %R WHRE Ghharti@iparft @/Rirind Bhafide: 1RR  Vhér6 Bre2ROSposei2004/ 107621
PCT/ SG2003/ 000268 . 9 In this node, a participant is starting their data
link. There ar&%free possible cases: Case A the new participant will be
the only parti Cegatttha mew fadicipard Ml bedisbinly paticipguiirethglocalGalde B: t he new
partici pant w I(#i'%&@gbnect to an existing |ocal bubble with a relatively

smal | number partici-pants (Figure 4): and Case C. the ne artjcipant is
goi ng to connebfsgit neég(i?aélﬂp%é\ﬂﬂy %é?‘???@taécfx'ﬁtﬂf@%pa}%ﬁﬂﬁlwﬁ% gé?:‘f“tb"a( Fi gure 5).
10 Since the netnalbmiiber ghetipgnis (Figuteod)bendabl e t o accomodat e sever al 7
participants, | t b ISk oYWl ar: A R o « 6881l @& - bubbl e
may have a | ot bg?e,?j{rargn% ipgéglﬁﬁ%_@ﬁ%gggbﬁ om d‘?ﬁéggﬁfgiﬁﬂ?lﬁ the
partici pant caBUREARERKiIgWR%al | Time Slices; but the desirable rate to
transmt should be at the rate of new information being updated. 15 Wen

t he network, has. b C SiAt t ' | t gt is a

" Sat ur at edlf?_oc%ng%&%bﬁ@h%%éfeg@ﬁﬁes tPleglea{c%’\[/\en ‘ﬁ%g"?@& %r%gg%rp%ﬁfgﬁ%’rﬁ%r{ht o all
cases: 1. The Hedrspazseiacinglerrertisipat insa lopalibpbhlmmaghaye A of TMermlicasde work ' by -
li stening 20 o?wl&o)ésé ﬁ&?l.;'f'glaore@_dlhﬂ, fhe phhi@barnh?@e?:&fnitsiﬂawm $liged; et thew )
participant, all .avai e I ti.an 0 . . ts on the
network wi t hi nd?sﬁgb'? r05'("5ea trﬁﬁsb"kt{%fé%ér% ?t & ra?togﬁ%%ﬂﬁ?onﬁélolﬁﬁ%%ﬂgg@g{ i's

accunul ated by the new participant (62). The silence should be until a

full transid ssivien GECh@wobrk HaO HRrE baricigenes #en 3he GHRR Apda batd,rigRsai-ssi on
cycle is coml gled ol |ocBRLbsS/sBpnt s 1 nel uding the

The following procedures are cammaon to all cases:

‘ 1. The new participant starts their integration to the network by listening
20 only (60); -
2. During that phase of silence by the new participant, all available

information of all other participants on the network within the local bubble and the
stable mode known data is accumulated by the new participant (62). The silence
should be until a full transmission cycle is complete; and ,
’ 25 3 Once a full transmission cycle is completed all participants, including the
new pariicipant, will know the stable mode known data (64), and the new
- participant will announce itself through ACTS (66). As all participants know the
stable mode known data, all participanis have the knowledge fo individually create
the order of priorities based on 1Ds, and all participants can transmit in their correct
.30 Time Slice. .

Case A : The new participant will be the only participant in the local bubble
(Figure 3).

35  Only after the new participant realizes they are by themselves In the local bubble,
they will randomly select one of the free Time Slices (6_8) and use the chosen Time



new participant, will know the stable node known data , (64), and the new
participant will announce itself through ACTS (66). As all par t 06
know t he fosepe known data, all participants have 5@&4‘%& 9
individually create the order of priggities based on I

participants can transmt in their correct .30 Tinme Sli ce. Case A : The

new participant will be the only participant in the |local bubble (Figure
3). 35 Only after the new participant realizes they are by thenselves in

the local bubblfe tottrQﬁs\hzt dJ)' fh@ﬁé’é?iﬂéthénw &elir sH8La afll tansmiksigecyitie® Slices
(68) and use the % osen March 2006 WO 2004/ 107621

PCT/ SG2003/ 0002‘3@’91?9‘@“%@”3( B'Gﬁaﬂ??stfﬁ"‘tg "ePH79 The realization will occur

after a full transmission cycle is conpleted wthout any nessages being

recei ved. Case The RS 1421 BibbR Hatihd 89 | ocal
bubbl e havi ng SQSS rel aﬂﬁ&ﬁgﬁ%h&&érﬁiﬂh&éﬁé&tﬁ%@ (Fi tgure 4) Si ncegthe | D of

the participants defi ner§'a¥"f?é’f%’i’5%?°“?ﬁms1ﬂ:'ﬁ%re§ ice allocation, the higher ID
will always have the first Tinme Slice of the cycle. If a local bubble has

50% of the nu ﬁEe Er}%rlDatgetﬁ)é) hérﬂalkan 19?1&1@ [h@td?dertcj?%lnq@éﬂéh%lﬂ@éﬁ)ﬁ #oul d

ot herw se be 1 cle and e remal ning Tinme
Slices woul d bb'ghfﬁﬂ)@ il a“'ﬁys F‘%V frskTime Sligge hoeycs elf £ 199REPYRRIEE T pant s

accordi ng to tbe%bfthé hmﬁbe‘rfb,r afBptinish usdateca, the peritipanes wduhioteervise ee cycl e.

Thi s requi ;]@ nenttg%?é’gérr%g th o?g%g g"‘?ﬁ" r%n%ﬁml\ig) tl'ﬁ'ﬁe ﬁ!lcéé %b[@% té?npttJ]e new

power up c Ie'"( art’i Ci partici pants are in the
bubbl e. the cycﬂreorwﬂfqnenﬁ@ rmeﬁltfmwmcrwotssgﬁord@gﬁa%mp@ﬂm Aed RERiFer of
participants (#hdhovérheentie@ydl@l ves for two participants, three thirds for
three participants, and so on, until the nunber of participants is greater
than half the optimum 20 each participant listens to all higher priority
nmessages (74); Thiawqarediengnaydetimpipmenti b i ority, they will allocate the

parts with,§he, hgﬂ@:elfsteh Ry td@Y¥ hBg pB\p& Jp' Jyé!& (Eptf}lﬁfi pMibah3&nb@ W& imadn Wi | | have

t he | ast part eac art|C|@ random y select one Tine Slice
out their all ocatP@H'C'B%ﬂfstar% the BHdbEy ¢l e (78)

. the cycle will be divided into parts based on the number of participants (72)-
into two halves for two participants, three thirds for three participants, and so
on, unfil the number of participants is greater than half the optimum.

20 - o each participant listens to all higher priority messages (74);
e according to their ID priority, they will allocate the parts with the higher 1D
having the first part and the lowest ID will have the last part (76);
s each parﬁcipant will randomly select one Time Slice out their allocated part of
the cycle (78);
25 e each participant listens to all participants with lower 1Ds;
» The cycle ends (82) and reverts to stable mode (83) — see Figure 2.
"« when additional participants arrive in the bubble, the stable mode reverts back
to power up mode and the power up process recommences.
CaseC : The new participant will connect to an existing “saturated local
30 . bubble”® {Figure 5).

When the network has more participants than the optimal update rate it is a

“saturated local bubble®, yet the saturated local bubble will allow a new participant.

» after the new pariicipant receives their ID being repeated on the transmissions
35 of the existing members of the local bubble (84},

» after determining that a Time Slice with regard to their priority is available (86);



25 each participant listens to all participants with lower |IDs; The cycle
ends (82) and reverts to stable node (83) -- see Figure 2. ddi t} agl
partici pa I in the bubble, the stable node rever Nﬁ?'dp"o%\ﬁ

up node aﬁwdégﬂjgfl%%é%er up process reco nces. Case C: T%(znnew &a?r 6I8Ci pant

wi |l connect to an existing "saturated |ocal 30 bubble" (Figure 5). Wen
the network has nore participants than the optinal update rate it is a

"saturated | ocal bubble yet the saturated | ocal bubble will allow a new
participant. ,affefed DeicHEN WRkbishiRRMbr bfEAIMRSaIER Tild Si&d @) I epeat ed
on the transm ssi onse %’ghco%? t he exsi éti nglr rr@%ber@saof t he II ocal @ﬁ)bbl e (84);

after determni ng"'“f"hat a Tinmne Slice with regard to their priority is

avai | abl e (86)» 2ReyNRESHe 380RMBADOR BR46cEDFGRIE, METhEGRAR3S MOO268&abléi t he new
participant will r%gd@rb'r?git in their dynamically allocated Tine Slice (88);
and they becone a m& jer of the |ocal bubble, and the node is now a stable
nmode (90). & The new order of participants'is simlar to the old order,

Wic th t_hle B_e}N_ PRRd ?éw @?i_&tof p%@@:iﬁ@at@@tgmamolttwogFladme,em th®sew phicipbat er mi na]'E i on
of availability.i ime Slice .S -availabl. he by re-all tion o
Tinme Slices, b e"ﬂ%tfeﬁ’beegﬁﬁor%déécegtrlbﬁfhﬁ %ﬁ@"’"ﬂ%@i’%gﬁ?{f apﬁg)nv'\'g%l-'c%ggrmdes

(A B, C) are rebiidhleemgy bebpde-aliogatinnod ST Slieshobl UsikthbRAT¢sa St bY U8R% a sl |
number of cycl ggr@s, after the small nunmber of cycles, the stable node
shoul d be achieved. 15 Figure 6 shows all three cases fromthe vi ewpoi nt of
a participdht. Upon starting the data |ink (120) the participant "listens"
(i.e. is in a Akkepererep onligs (AhOpjrefraatively tomprasy sotesaainshodld enlydastl e ((122).

The parti ci panfy §afail RbePs cy @S\ BES thelsthalt hbmitr BPEycR8! thé StaR@Rioad N the ACTS
portion of the next transm sSion 20 cycle (124). I'f the participant

recei ves no | (¥uldBsReNiRYedhe |istening cycle (126), the partici pant

15 Figure 6 shows all three cases from the viewpoint of a p_art'icibant.

Upon starting the data link (120) the participant “listens” (ie.isina receive only
‘mode) for a complete transmission cycle (122). The participant can then be
announced to all other participant in the ACTS portion of the next transmission

20 cycle (124).

if the participant receives no IDs during theAlistening cycie (126), the participant

selects their Time Slice (128) and transmits in the selected time slice (130). The

stable mode is now arrived at {132) — see Figure 2. If the participant receives ong

25  or more fransmissions (“yes" for 126), it reverts to step 134. This leads to a further

* query - were there only a few 1Ds received (134)? By a few it is meant less than

- 50% of the number for an optimal update rate. ‘If “yes", the cycle is divided jnto a

number of parts (136} and the parts are allocated on a priority order based on IDs

{138). In step 140, the participant selects at random a time slice in its part and

30  transmits in that time slice (142). Again, the stable mode has now been achieved
© (144) (see Figure 2). | |

If the result of the query at 134 is “no” (Le. there are many IDs in the local bubble),

a query is made to determine if any time slices are available (146). If not, in step

35 148 the Time Slices are reallocated, including those allocated for ACTS. The

- system-then reverts to step 150. The participant then transmits in the_allo_cated
fime slice (150} and the stable mode is entered (152).



selects their Time Slice (128) and transmts in the selected tine slice

(130). The stable node is now arrived at (132) - see Fi gure% M ﬁ‘cF;ZOOES

partici pagfgh one 25 or nore transm ssions ("yes"
reverts tg&st@gﬁb—égﬁ This leads to a fiyrther query - vveliéeﬂ ere only a few

| Ds received (134)? By a fewit is meant |ess than 50% of the number for
an optimal update rate. If "yes", the cycle is divided into a nunber of
parts (136) and the parts are al located on a priority order based on |IDs
(138). In step 140, the participant selects at randoma tine slice inits
part and 30 tr nslwts pn, that time slice (142). Again, the stable node has
now been achi e ed—@%——(see Figure 2). 'If the result of the query at 134
is "no" (i.e. there are many IDs in the |ocal bubble), a query is nmade to

determne if amyolsiiR I&Jal &ﬁﬁ!e@éfbr@a%ﬁbéoﬁl%h@r @Mfﬁ}aarﬁ&l anft filone lofthé g 35 148
the Tinme Sllce%a{e rea cat e ocat d for ACTS. The

i ncl udin
syst em t henr eWHPRIES tleﬁor‘éﬁsé”pb”fg‘f)foW"tﬁ%ﬁ?’g&cﬁ@ﬁ'&hﬁ WU dnsnits in the
allocated tinme slice (150) and the stable node is entered (152). 28 March

2006 WO 2004/ 1%@@;Jarﬁ$£{1ﬁ@???s3{n%9&%ﬁ&bmé%ﬁappM%é ﬂaﬁbe'\m@lfﬁ rJe’éﬁmatré}Qlee local

bubbl es approach eac In | oCal

bubbl es beconme& & BF'JF?f@EP?'BC'Qa(S‘htht ethPé“f" or dpeal b‘{:h!]l?bpe@e‘f Flegsr® 7). If
t he parti ci panthefd &% Jwolfséibie aadescal bubbl e 10 happens to be within
receiving rignge of an adjacent participant ("M) 26 from another |ocal
bubble 12 (see Figure 1) there are two -possible cases: 10 Case A : "N hears
Mon Ms Tine SliceCess uN@est@ggép@(Flgmeﬁégp% Mon M's ACTS (Figure

8). Case A : N hear gaddm: Wheardiioa MY ACES Flgugus)e 7) 15 This case wil |
usual Iy be when the network of |ocal bubble 10 is not- a saturated | ocal
bubbl e and there is a chance that on the Tinme Slice that Mis usi ng no one
fromthe N | oc&pstibbl ¥ hears i erdaTimeiShge (Fiquieal hear the transni ssion from
adj acent ljecal. bubble 12 through the Tine Slice (92). Once N has received

t he NPLB of the,.20 adj.ac ubb) e m t .t
i ntegrat e d NPLEW Saﬁ Eus%ﬂ%h tirbglgr{le!work ofvlmocal bubb?e is no sgturapag

. local bubble and there is a chance that on the Time Slice that M is using no one
from the N local bubble is transmitting. N can hear the transmission from adjacent
: iocal bubble 12 through the Time Slice (92). Once N has received the NPLB of the

20  adjacent local bubble N will transmif (94) the integrated NPLB to locat bubble 10 on -

their allocated Time Slice within local bubble 10. The integraied NPLB will contain

the 1Ds of all participants in local bubbles 10 and 12 as N will have all of those
within local bubble 10, and the transmission N received from M will have contained

~ the [Ds of all participants in local bubble 12.

25 |
When the integrated NPLB is broadcast the two local bubbles 10, 12 become ong
local bubble because M receives the transmission from N with the combined NPLB
{96) and M will therefore transmit the NPLB in their next Time Stice in local bubble
12 (98). Therefore, each participant in both local bubbles 10, 12 are aware of each

30 other. The update rate in both local bubble 10, 12 may be reduced linearly to
accommodate the total number of participants in the network of the merged local
bubbles 10, 12. ‘

Case B N hears M on M's ACTS (Figure 8)

35
‘This will be when M’s Time Slice is being used by a participant of N's local bubble
10. Therefore, the information from M is blocked.



their allocated Tinme Slice within | ocal bubble 10. The integrated NPLI3
wll contain the IDs of all participants in |ocal bubbles 10 12I’ﬁiOH6
wil | have\if’(ﬁhooﬁfw%F‘f within | ocal bubble 10, and the ﬁéﬁﬂfﬁ%
received fromM w have contained the, INof all participants " ocal
bubbl e 12. 25 Wen the integrated NPLB is broadcast the two | ocal bubbles
10, 12 becone one |ocal bubble because Mreceives the transm ssion fromN

with the conbined NPLB (96) and Mw |l therefore transnmt the NPLB in
their next Tine S i ce in local bubble 12 (98). Therefore, each participant

in both | ocal b .10 2 .are ach 0 ot he date rate in
both | ocal bubltz)llrhe b F}écatggoﬁ,ﬁraﬁgéc&s 9" 85'@&%?&?% M he total
number of part |QE¢E}§atfmtb§ able fpweﬂweitmclpamﬁ to Iadomtigféﬂt | desatdingdai§IT®s 10, 12.
Case B N hear S dbdtidl Sadh aﬁlc{pghtglﬁn@m@s) a%ﬁoﬂ_me%sé@bldf thér $A8Rg Nefvord M8 Slice

I s being use b artjci pant | o 10, Therefore, the
i nf or mat i on d&ﬁ'ﬁ?ﬁe& “B{ g KT tESbL'IW;\ ofgééjl?v%b%ﬁﬂyzﬁWG % f°'i°"‘"”g
PCT/ SG2003/ Ooomedur@s e ih@ESented do itteo dadiitadn tod ahnomcShentedf fher t he

exchange of infa?ﬁr%ﬁélﬁr@ﬁoc%fbubﬁé in order to be able to connect participants
to a |l ocal bubb According to ACTS allocation each participant transmts
a short nessage of their existing network 5 nenber's list. In order to

bui |l d t he orderzach loé&THbbie |ubeszaap¢rtm dfhieeif ACTOWE A PengiratioreBotti@s(“PP™

1Dl erment edot 0 g bbhayhaGH b LA deshdleu ARBA SRS, B o, ARBIBAGN N | ocal

bubbl e: Each | oca | e uses or I on o ratlon
Portion ("PP") P”O*'Ibt“ﬁfﬂé“s'lﬂlbof'rﬁ}? %@tthﬁt Smeordereas the glioseiath dime §(§’9§ such as,

for exanple, tTee @hstee t®botpdily aahdnit Wi bk l2AMBdEM ckihcd BEchAST Br iegarhfle same
order. as the ghdocated Tine Slices. The chance to actually transmt wll
be a random chance such as, for exanple, 50% 15 The deternination of the
ACTS al l ocation (102) for transm' ssion wilt be ACTS allocation = (List of

the 1D s insa lTREadtediininbreds the ACTRUNGa%orRT024 faVRbRmissioN@ e
ACTS aliocation = (List of the ID's in a local bubble) x random x PP x NPLB x
ACTS.

‘When the PP is set to 36%, and random at 50% the chance io transmit (104) is

20 18% per ACTS, and there is a 4% chance to have RF collision. The guaranteed
local bubble announcement is 96% for the first announcement cycle and 99.8% on
the second.

‘ When the PP is set to 80%, the chance to transmit is 40% Per ACTS, and a 16%
- 25 chance of having a RF collision. The guarantied local bubble announcement is
84% for the first announcement cycle and 97% on the second.

In Figure 9, there is shown the merge mode from a participants view. When
participant N receives a transmission from M (154) it is first- determined if the

30  transmission was in M’s normal Time Slice or in ACTS (156). If in the normal Time
Slice, a query is raised if the number of participants in a local bubble has been
received (158). If no, the system reveris fo step 154 and awaits the next
transmission cycle.

35 [fyes at 158, N transmits in its Time Slice (160), the transmission including the
NPLB received. At this point all other participants of the bubble 10 become aware
of the fact that they are in a merge mode as they receive from N the NPLB of both



Wen the PP is set to 36% and randomat 50%the chance to transmt (104)

is 20 18% per ACTS, and there is a 4% chance to have RF colli EtthOS
guar ant eegyd afe@dhoRRypPbl € announcerment is 96% for the firsfe
cycle and 99: 8%on the second. . Wepthe PP is set to 8 9 the chance to

transmt is 40% Per ACTS, and a 16% 25 chance of having a.RF collision.
The guarantied | ocal bubble announcenent is 84%for the,first announcenent
cycle and 97% on the second. .In Figure 9, there is shown the nerge node

:‘v'r ?TSZ) pa{tl ci fB@dHe? \Ng%}(&nb%%? st)&rbb!e%lpﬁéﬂsrd‘d i REEINVRSr ind él@%ﬂiJsSI on flrom
it is firs ete Ssi,on va S norma

Time Slice or FeMiETRe ‘?L"SEE]LB 1f62] ntht'ﬁ'ué THEE Rﬂfgf-sﬁ]%%ab'%w’é%ﬁ" Fry is

rai sed i f the Asgibeultbbthpbablidsciopthibesoing ose, langsa bulibigssd éheraystemsaenerts r ecei ved

(158). 1f no, Jk?%“;évgi ﬁsqer(%gwﬁ Meqné@@oom%ﬁ@d%vwdé@ rétB% rBQuskd

transm ssion c me |(che (160),
the transm $si qﬂﬂemeﬂﬂ f"’ﬁ@ ““ﬂﬂbﬁﬁ r@&g'%ﬁl'ce%?reta}lﬁ"sreﬂmﬁ? B35ed ot her
partici pants -obn thlaenébgebtukte)fm bedroineD aviaiteordaf N iney élschavklratewtTiey are in a

mer ge node as oh 1ROk, WO

D004 107651 poT BB M, cIRIyReT P RepR i febAl Ry 10 wi 1
transmit in tuMggedNPHEI r tine slices thus verifying the new NPLB (162) -
this formng part of the stable node known data. As a result, both bubbles

(126 4)1 2W|bte ﬁ?ﬁ o n[épléeerg %L b%g e %}n m351§at§\é§ ﬁna{ngrllﬁis“l%rl, tgﬁd gtetﬁergQ%/\@s up node
accormmodat e t hpeneation p@mﬂ:ﬁ?fﬁeaﬂ'ﬁée"ﬂrﬁ partior isseli 20)a Nggn teaPeadbit ed . based

on the nerged |i78tan@thelpkdessa8irtd td led f8gpriority order. N may also have a
new Time Slice (highly likely). The systementers the, stable node (166)

with the new, nerged NPLB. 10 If in query 156, the received transm ssion
was in the ACTBefesabty, iafl tahemiesions and reqsplinas reay bm aytsmelion ATepnba®s) . a

penet { at ![ ORs F%&rﬁﬁﬁ&r foEea%]ﬁtver(té!g & péﬂoﬁrﬁéﬂ ﬁehé%%a@%&hpdﬂtloﬁéjﬁbfeﬁiﬁﬁ thbe pr gC ess
reverts to ste ref er re ns, may
autonatic. An BHPHELFUPULE IS ‘gﬁ%q!{t'@'l‘edf Brtﬁ%i "\Sﬂl?ﬁ F'&qaffc%'ﬁ?ﬁ%g bgr %ﬂ al
necessary conpdigiad itansnissRneémt advleptiont hdransmisslam cand oeprption may be riect | y
l'i nked tot he LLaRsMHWit TDRIRG: EBHRI Yfbai®afRb&id tihd vehicle may have a
display for indicating the vehicles within the local bubble. In this way all
20 participants may use the same frequency, even if in different local bubbles.

Computer usable medium compiising a computer program code that is configured
fo cause at least one processor to execute one or more functions to perform the
method described above.
25 .

Whilst there has been described in the foregoing description prefemred
émbodiments of the present invention, it will be understood by those skilled in the
technology concerned that many variations or modifi catlons in details of design or
construction may be made without departing from the present invention.



digital transm ssion and reception. Transm ssion and reception may be in
accordance with TDVA or CDVA standards and protocols. The vehi2t§ gng
a displ ayyd soshpdbcat i ng the vehicles within the |ocal drupdlges; 0942% i y
all 20 participants may use the samejf§requency, even if in different | ocal
bubbl es. Conputer usabl e nedi um conprising a conputer programcode that is
configured to cause at |east one processor to execute one or nore
functions to performthe nethod described above. 25 Wilst there has been
descri bed in tWbeClaimgoi ng description preferred enbodinents of the
present invention, it will be understood by those skilled in the

t echnol ogy concerned that nany variatjons or difications in details of
design or  condt r ucfimsomdsr crEMHRERtONPEAN WEPST ¢iPRYCTPISHP AR Bt esent

i nvention. 28 Mar chhdOienb¥Ooi2 fibiphfé Gihg ROEhBE? Gtk3 Medmo@ @BmprisigTthe Cl ai ns;
1. A nethod.for co cation between a nunber of participants in a region,
t he nunber of partim%gants_ being unlimted, the nmethod conprising the 5
steps: (a) allocati ff) allocatnsRiaiquaddepiity tp speh eastidpaptar t i ci pant; (b) allocating
an orger o; pL iority faﬁécgﬁﬁgad?ﬁdﬁdisfp?ﬁritbﬁbrtrhﬁsmrohirt]:gimaﬂttiﬁiphﬁsm%d on
an.order of the unique identities: . i p,each transm ssion of each
participant there is ioﬂ(?f"ﬁf?tgﬁ?flﬂ%lwﬁieétﬁés’Sﬁ? que identity of the

partici pant; and (i(c) imedchgansyfissiphiotepsh partsipant ther ipinclgded: partici pants in
the regionjp2. A nethggl as td @idgleehtily &Flttd partbipamfdridei n t he order of
priority of the uni qu?_, [ deTti tfl es i? %hat a hirt hest . #ﬁi %ﬁﬁni dentity is
first and a |owest uni@ue =189 HARHE RpUHes of ARartcpantainhs §88™as ¢l ai med in
claiml or claim?2, wherein each participant has data to support a

deci si on when $0 tr ARRMHok as &Qinfed in AeifBHl YREteiR theldrddr R Eridrity cUie upRge Of Cl ai s

1 to 3, wherein the nethod n_ .operate in a.md el ected fromthe group
consi sting of- stabl '@?nt'ﬁ?ﬁ/\@rtggtn? h'ggﬁ% Upigpeg Mentity 1s first &nd & ISWest unifue
15 identity is last. :
3. A method as claimed in claim 1 or claim 2, wherein each participant has

data to support a decision when to transmit.

20 4. 'A method as claimed in any one of claims 1 to 3, wherein the method can
operate in a mode selected from the group consisting of: stable, power-on,

and merge.
5. ‘A method as claimed in any one of claims 1 to 4, wherein there is a
25 Manager Of the Network distributed among all participants in the region.
6. A method as ciaimea in any one of claims 1 to 5, wherein the region is a

local bubble and the participants are free to move in space.

30 7. A method as claimed in any one of claims 1 to 6, wherein transmission
takes place in a time slice of a blurality of time slices of each transmission
cycle, the time slice being allocated to -the participarit based on the
parficipant's position in the order of priority. -

35 8. A method as claimed in claim 7, wherein each participant does not transmit
in time slices of the plurality of time slices allocated to other participants.



5. Anethod as clained in any one of clains 1 to 4, wherein there is a 25

Manager rk distributed anong all participants_in ZMarehos006.
A et hoddg‘é&gq%éji}%ﬁoi n any one of cl aih%ns 1 to 5, wherei rF(E%G%"%‘?% is a

| ocal bubble and the participants are’tree to nove in space. 30 7. A nethod
as claimed in any one of clainms 1 to 6, wherein transm ssion takes. place
inatine slice of a plurality of time slices of each transm ssion cycle,
the time slicegbein cat t ey :
participant's gbsi t:'a‘orﬁéﬂllm(r%j %hcgﬁgéﬁgran(g?ﬁ%ﬁ%aﬁfi% %%%A&%g%ﬁgganés cl ai med
in claim7, wherei ndessdist irnemitenth tetpagisioant igs receivgishiransmisgion figig 3| j ces of
the plurality of ti Bmetartepantdinltesrbensé he phiicpanpRawaeiop MmBinGmbNOf

20041107621 PCT/ S&0083/ h. 200 16 9.. A method as clained in any one
of claims | to 8, wﬁ%r?c |arqpsgrhgé665'#%“?’8?’53%%“5{“'3[(9%5 not transmt until the -
participant3Shas received a transmssion fromall other participants in the

regi on -so theqpart hGhddiatasicRinftan 8nyPdneld? Blaiid B o, Rfiereif alpbitieh BAAES in the
region before transmtf.l nge ) [.'LO._ A et h?d as cf‘l al m?d |d3 an% one of cl ai ns
7 to 9, wherein a pBFEB&TBPe Pikes s Srsqrvaf 9 ot I5est PRgeiefad el e 98 er ved f or
at | east one sel ect eshskiirgmftrivintenapcs a conind clenhelgandfan mangvneawant &y aa cont r ol
channel ,. and an annpuncefmaht iMheFegidh€W participant in the region 10 11. A
met hod as clainmed in claim10, wherein the portion is an announcenent
corridor tilfe slot. 12. A met hod as clainmed in claim1l, wherein the nunber
of time slicesili5. Aalditodat eldinted irt dl@malonehaner therportion israncdmnouncereerg| ot i s
predeterm ned. 13. @brﬁ‘EF“i}ﬁgsl claimed in claim1l1l or claim1l2, wherein a
new participant is able to first transmt in the announcenent corridor
time slot. 20 14. A nethod as clainmed in any one of clains 4 to 13, wherein
in the stabl e 1mDdeAahdthqaiasd cleimparih Slain 1t hehéreigi the namberasfatings sliceeach ot her

and the nurlTper of Q%ﬁété%%@nﬁo%nﬁe%&@%ﬂd&émi otr@%@&)&erﬁnﬁ]e .l aimed .in any

one of claims 10 to erelin ere I's an optimum updat e rate that
determ nes a cycle duration of an optimum'cycle : '
13. A method as claimed in claim 11 or claim 12, wherein a new participant is

able to first transmit in the announcement corridor time slot.

20 14, A method as claimed in any one of claims 4 fo 13, wherein in the stable -
- mode all patiicipants in the region are aware of each other and the number
of participants is known. ‘

15, A method as claimed in any one of claims 10 to 14, wherein there is an -
25 optimum update rate that determines a 'cyc!e duration of an optimum cycle
- and a number of time sfices in the optimum cycle, in accordance with
essage size.

16. A method as claimed in claim 15, wherein no cycle is shorter than the
30 optimum cycle. |

17. A method as claimed in claim 7 when appended to claim 2, wherein a
transmission is divided into time slices based on the number of participants
in the region, the participants being aliocated a time slice according to their

35 unigue identifier priority. |



and a nunber of tinme slices in the optimmcycle, in accordan
nmessage siw®@z2003407684 net hod as clainmed in claimlb, Mer@@/m%%ﬁié%hszooa
shorter than the 30 optinmumcycle. 177 A nethod as clained in claim7 when
appended to claim2, wherein a transmission- is divided into time slices
based on the nunber of participants in the region, the participants being
allocated a tinme slice according to their 35 unique identifier priority.

28 War ch 2006 YD 2004402 LRCH SCROPH QARRAPoe Bl orArBeifiatras cf i med

in claim17, whérein t slice |nto parts
based on the number d'wﬂe%afPtPP'éﬁ 'E?&ﬁ@ gn thg nupeer & prdiFpanisprne BeiPti@Fhant

randorkﬂ y |SG| ecting ﬁarﬁdfiﬂﬁt Ghdichly fséllaﬂ‘ng heiirhe alideCiamt Eirpabdatddopart for ansmi ssi on
to take ace. 5 19 clainmed in any one of clainms 7 to 18,
wherein Fhere are atrans 'S?'opg (5?#5 regi ons, the?/e being a plurality of
participant$ in each region, V\/ner ei n adj acent regions may be nerged upon a
first participgnt ig n?etifoi:ira%tclalrﬁégm(ﬁﬂ oRE Bf Mhifg 7atot1r8aWﬁéfbiﬁ&he@@aifera)m a second
participant in a se cl.ai nme i@ny one of’

clains 1 to 19, vvhe ﬁ”’%’@gw?géﬁ%ﬁ?@q 8#’“%%?@08@% [ﬁarg%mt%ah er - of
participants in thewhesejn ediacehbregitns mayres vorded ypan aiirtrticivartiya sk of cl ai s
| to 20, wherein thi%gzﬁﬁgéééﬂmb% Fanshiieh BHPB!BeonkiRiricpa/ inBdord bei ng of a
si ze dependant upon a range of transmtters used by the participants in
the local BlUbble. 2%9°K pethod is claimed in any one of clainms 1 to 21,
wherein the method is 20 perforned u5|ng time division multiple access.

23. A method ag, cl hdﬁa@rﬁi’airﬂ fang | e T8¢ &aih% ?-lto Y egdrdln the et hod is
performed using code division mi ﬁ‘e access Conput er usabl e
medi um conpri si ng a"%‘é’i‘iﬁﬂ?’b’i"s"di"@@eé ed‘BEI‘Eertqfia?m‘i'%a"tsderFi?ﬁ%ed to cause at

| east one processor to execute one or nore functions to performthe nethod
of any one,o f 51‘ a 23 mlethB&) agglaimed in any one of claims 1 to 20, wherein the region is a

local bubble, the local bubble being of a size dependant upon a range of

transmitters used by the participants in the local bubble.

22 A method is claimed in any one of claims 1 to 21, wherein the method is
20 ~ performed using time division multiple access. .

23. A method as claimed in any one of claims 1 to 21, wherein the method is

performed using code division _muitiple‘ access.

| 25. 24.‘ Computer usable medium comprising a computer program code that is
configured to cause at least one processor to execute one or more
functions to perform the method of any one of claims 1 to 23.



