( ;e3ev(6"TvW. Unlimted Participants Network Field of the Invention 5 The
present invention relates to an unlimted participants network and refers

particul arly, though not exclusively, tb an unlimted partJmmwﬂmmwmmw
provi ding data |inks and commruni cati on between parti ci pant
the Invention 10 Multipl exing users over tinme or over code of gpread
spectrum are the existing techni ques used to better utilize the radio
"~ spectrum by allow ng nultipl e 0 share the sane physi
TDVA stands for "Tinme Divisiol F°[di'; nic &@‘6%@%‘“ Mani | e CDI\AHW'EMMWWHWW
- "Code Division Multiple Access” Three of the four 15 words in,gagh acronym
are identical Idgrmeqﬁ\%ﬂtlwl ti pI e Access" - since each technol ogy
essentially ac Ieves the sanme goal. The goal is to enable nore than one
participant to carry on a conversation on the sanme physical channel w thout
causi ng i nter f pHeepresent AHveMidar ielated etot ako uitlierttbt lanigipertts diefwoed ards refers t he manner

in Wmchthep T t he
channel into seqlfg%tf t“?” ﬁ&a%‘lug'%zy ?ﬁ%ﬁﬂ@??%ﬁ%gﬂﬁg 0 tﬁg%blﬂﬁgn t akes
turns transni t@atanlg\kaaraﬂ gogwuinigation betpean @W@"tsonl y one participant is using
t he channel at any given nonent, but they use it for short bursts. They
then give up the changsl rrgrre arlly to all ow other users to 25 have their
turn. This is 9aqkpropndiq,the ?:'brrputer Wi th just one processor can run

mul tiple applications apparently sinultaneously. CDVA on the other hand

real l'y does | e, gM&linOierd B@P%metoreﬁvert Etﬁjescﬁ@rebd @Bectr\maére W@)&strh%_hmrk is a

special formof digital no is form

rea rrLe
of nodul ation gKiEEes H%edﬁarbf”i“’é|”B'5ﬁtth°sraﬂ¥gcﬁ?8‘f@mo?y ?JP E'gé'ﬂ'@ Lf‘sg%?cfg t hem
across a very stiatke theh samee Iphysicah cheweld GDMin dands & hiTome DMfﬁ@n pobipldo" i s
I nportant, si nﬁ@ce&ﬂ%lﬂ@%‘hﬁﬁ\eﬁam%"é&ie@i\)rs@oﬁl@ulﬁﬂ‘@ﬁc&e@ 'l"h?émmezféﬁrl on in

order to collect t Its together in a et wor ks

are "one t& onWor arrue%racwwmt% igeaticel i ﬁa'ﬁt%ﬂ '{’]Ht'ﬁ%gﬁceﬁ? an§'ﬂ‘fet§a o the

| ocat i on wher etettilogpessentially behidvas thersafe gohle THetgaalrik to érelil more shanesi di ng.

2 There are ot PehPnd 8oyt That i's,
many are all owei(}rc(‘aie ?awﬁ‘ t%%a}[?(ggrﬁ %é’ghn\geés%g&g&gmle%mb gyél?(% '?r a?rsm t?lf ng. This
type of netV\DrRaUaingﬁwef?a?Q-i ci pants to traveI far out of the MON range.
Once all participants keep the Time Slice that was allocated for them the

network | Széun%geqs Yﬂﬁ)qgch%lgﬁe drffeg2 Tn?heshgﬂr{eﬁrnivirﬁchitﬂarfxgﬁt:ip | Ch§r¥5t emis

al l ocati ng secrumr es in TDVA
This type of n@@vﬁ?mmoﬁdﬁmtceam% @V'Whﬂéﬁ@ﬁr@l [riheequentigb Tinet Bliehet wor k
when far 10 fregmu ﬂhﬂlcmrof&h‘e éhaﬁl’)él eReRinshanghitting ahe ebcaiving\Wheiefaee,Sl | ce or
code. One known solution for th R I a me Slices
for a new, joi ﬂ"%&"ep%wc'p@f‘b'gr‘ff’mg %gﬂ%@ﬁ?@;{] glvgn ﬁ‘ {n&‘& B‘ﬁlﬂﬁﬁgggﬁ%vant MON
regul ati ons r eghkarichursis. tThey then |g|vza1p|tbmchﬂmer5@9reemﬁﬂh‘é0 S!'?%E@Prc‘éfﬁéesm Thi s

sol ution Caﬁnohav%ﬁhapt%”fmi%tsﬂmtah&) W & ¥ethpuldr with NYoriasrbdessdpaan runher e al |
spare Tinme Sli cef/cod s (are al re %mb(lfﬂ?%usged Exi sting technol ogi es for

comuni cat i on BU{IRIBERPIGEPIHBPRELENTY ol ves the issue of a distributed
MON by each participant having a pre-calculated priority list. 20 The size

of the priori tboMASJnthéothmaﬂmadeaé reTbr@yoﬁb&rgmnaamelsabmnmvhmpl ied by

t he maxi nrum nunber of parti ci Baﬁ d % Q) g*’rolS % éctnet,v\ork W th
a maxi num of SUGR??a'H”P i 1B &rPe! 8’"280 '§ °§‘I’?E’8 E PRI RACMNIeds to have
a tabl e of 30200hFiferen dBincdelation t8kelsithes payficinaots packety obbHG qrarslpre@ﬂtpti\nms =

900Kbi t's across a very wide channel in a pseudo-random fashion. The "pseudo" is

important, since the receiver must be able to undo the randomization in order to

collect the bits together in a coherent order.

35  Some networks are “one to one” and each of the participants in turn transmits to
the location where the task of the Master Of the Network (“‘MON") is residing.



25 2. A network with a maxi num of 1000 participants and 200 Tine Slices per
second, needs to have a table of: 200 Time Slices x 10 bits of user ID x
1000 participants = 2, 000Kbits 30 The size of the table increases linearly
related to the increase in the nunber of participants. Each participant has
to share with the rest of the network's participants its list of network
~ nmenbers that are within receiving range of the participant. This leads to
35Iarge nessage Size For ampl e: 3 1. Apetwork with.a naxi rumof 500
partici pants aH§'¥8 ehﬁehﬁ?rﬁ%ﬁggbglﬁ ‘?B%‘??ﬁ?i’, ISt f‘?@ewé)'PWr'k%méssgﬁgy needs to
- be: 9 bits of arselioweDixlisteb@o thanmessagp svhilesore isltrdrisinitting. Fhi2 typa ohmtwark k wi th a

maxi mum of _L008ioRe bLAGAIR b 3rafdf for S00or ThIRIOR! daf Haﬁ&‘es OREE aff Bérféighs' fagp Nt VO K

nmessage needs ticip bits The
si ze of the nehedime Sisethaigasiafesated fexdhem, H‘@&PW’W'%T“QF‘@B”@B" Ftﬁ@el ncrease in

the 10 nunmber of participants. The network rressage has to be transmtted

over the net Wofh§ ﬁt?%ua%%rc.ﬂ él?ea&b}\/lﬁ' s?@tgﬁ'n |§ Eh&cﬁtn@' 5%? ?_fttn%_ §<§F&§trurﬁads to

congestion and es required
for each user. ramhéth@kT@PlSﬁ@eS%TQMAon for distributed MN is fine for
applications with a I ow nunber 15 of participants. Increasi ng t he nunber of

participants i enal t | engt hy,.tra ion.c i gh
over heads, andﬂg P%P 'PP“B(E' t@kog %ﬁ%%lm £%§%' i '?)ertlwlrg ﬁ%ﬁ {agnger
practi cal . 166unfnan he HFON, Iaethlenvmnohb@rallmte;d@cr@wd'lmfgshce opcqsieef erred form of the

present invention there is provided a nethod for cormuni cation between an
unlimted nunber of participants, the nethod co SI n steps: (a)

th
al | ocating a uRPyiRowNGROlHtien 1or i eraipm is, o 2llopate, 5pa ro 5’39 gﬁ'qef)g(’éta\ " an order
of priority fopiningapesticipasi. OIThbyndwh @artieipdrit Gé rgmmsrebaamdMQE cagulavioner der of

the unique ide@é.’gh.hgﬁy ﬁ'za(&r) of & &«acﬂnier érb%ekéo%onm.% mﬁ.en p@a’hﬁdtc' pant

there is inclu e uni ue| dentity oftheﬁ g /epand(ll)a
list of unifuedicoramPiai? 3’@ givalpr|a b%‘f?‘i“&‘?'&?&h’f"gerla Al SpRre @5‘? ©8/88%Fhe or der
of the uni que ademéddyaleatey be that a hi ghest unique identity is first and
a | owest unique identity is last. Each participant may have data to support
a decision when to transmt. The nmethod nmay operate in a node selected from
the group consPsstingdechelogiasair eommysigalianghetWesReHnacRarticipRRIS Solves thee o
Manager O t he.s%tmrdi@tmﬁaa TMde)eéhcﬂliﬁﬁmﬁpéHt haway 4 pretcpleuitted paditylise net hod is
equally ap% 'c beI s(:T‘zet (9 the priority hg |SCRNA Umber 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 ID x 1000 participants = 2,000Kbits

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

participants.

Each participant has to share with the rest of the network’s participants its list of
network members that are within receiving range of the participant. This leads to

35 large message sizes. For example:



4 The region may be a | ocal bubble and the participants may be free to nove
in space. A participant may transmt in a tinme slice of a plurality of tine
slices of each transm ssion cycle, the3ine slice being allocated to the
partici pant based on the participant's position in the order of priority.
Preferably, the participant can not 5 transmt in time slices of the

~plurality of tine slices allocated to other participants. The partici pant

may not be able to transmt until the participant has recei . a

transmi ssion from all ot%@?mﬂ%\‘r‘f"frbﬁdﬁﬂg@ur? ﬁgéﬁ@ PPRGPYIS §8§t2ﬁ§q-b'ﬁerti ci pant

- is aware of the nunber dlicgsapdrisecqranthe rietworhmessage opedsetb dee dthitawénmi tt i ng.
10 A portion of the pl urabiiby «h phtélfarl 1 £8ougRY e reserved for

mai nt enance. One or nore of the B urality of time slices my be kept for a
control channel. The portion may be able to be used for an announcenent by
a new partisci pant. gfhe pOhbtivoRk Withya Deaxiiunaomn 00 gaRRIphnts Ghd i2001Timé me sl ot .
15 In the stable node ald, participan i | re of each
ot her and the nunber of %'g%t P%is’ﬁ%r'? S{hrgré'ﬁﬁg];emﬁ%%\%% Réhqgwnaﬁggraal'%foﬁi me
slices allocated to the usaHBui®BoreatticiResiss WKbPIS i me sl ot nmay be
pre-allocated. 20 Each participant may determne their next tine slice as a

sum of : the nupber of participants in the regjo nd. the on. A
transni ssi on nEY 378 HiMA WPk ﬁ'ﬁ)sag? f?gregfﬁsé'é'ggke@%tagéonth? ﬁ'écre%g%‘etﬁgof

partici pants inunblee of payiicipantst hEheppatworts inrssaae hnsitadpedranmitedevel theé ne sl ice
according to tQgldu Ugle%epa%&jﬁaﬂtenfm{ Ligd ofthé Hebdage 16HAS 16 EGHABEHOR 2h@N MRY

i ncl ude the nunber of parti mga,nts i n‘gt hg,re ion. The region may be a | ocal
bubbl e. The | oY, #HBPIS AN 324 the Tins Rlices FRaHpdor 856" W ange of
transmtters used by the participants in the | ocal bubble. 30 There may be
a plurality of [ e anS:ohibelof alfbitd RoR!ididd! bt dhpRlatitd vith @ 18R Rlfibdrn each
regi on, wherein adjacent reglons n@épbe me,r,ggd upon a first rl)ar i cipant in
a first redfi onofmetieipantndnaeasing therpuatbenel Perighants aws e Rearly AieglY in a
second regi on. tralemissiofcycied Ahigh Gerneadish endsd fBritp tothe diagde thatihisppolution issabl e

medi um conpr i sioqg@rﬁrg%glt er program code that is configured to cause at

| east one proc%ss 0 execute one or nore functions to performthe above
met hod. 5 Brief Description of the Drawings In order that the invention
may be readi | ysimigarsdtainaditioaut i nto practical effect) there shall now be
descri bed 0 on-limtativ | e. : f. i ments of
the. present! i nowaelee et R R nobhitn efe F lcSlad a FONRH.
acconpanyi ng i fof wemmurication chetwdengan unlimitagh number-ply participantss tag, mefhodst r at i on
of the system gdpisiegtmRRteps:or different participants; Figure 2 is a flow
chart for a stable de; 10 Figure 3 i . rt for a first form of
power on node; Fi gugg aﬁbqagngaa\'grﬁ%xvevu%eﬁg to?%gﬁbﬁﬁé%aggnd form of power on node;
Figure 5 is a flow @hatiecafing aneordetiof priofityfontigpsnyesiaarbyde ResigPantsivgiede 6 is a
flow chart ,for a part i(ﬁliaﬁ%ﬂ{erbfﬁh@urm%\é@j’enﬁt@s;rﬂhde; Figure 7 is a flow chart
for a first form of 15 Fi a fl O\é\{ugglqart for a second

mer ge, node;. igure 8 |
form of nerge node; (cadwgﬁﬂhaa?%“'ﬁs"i"s"f8%*’8%"‘8%’3}*}”%'8%” a participant in a
merge node. Detail ed I@scr it uriqueddentith ef the pdrégipastia®hbodi nents 20 To first
refer to Figure 1 ther(@ ar & IRP@\Wighdbefities all patidiin®sn i reglod. and 14. Each
| ocal bubble 10, 12, 14 may exist in three dinensions, or may be defined
two di nensionally depending on the nature of participants 16, 18, 20, 22,
24, 26, 283030 Th@arder3t thedMijqud ienditiehimay badiat b bighést boibds identity, is i3t anfly,  The
size of each lggé\%ﬁgﬂﬁabeeid%ﬂity 1Piastl AE 8B Y paiicihantOfay Rbvecahia €5 Sigpbi @ t 0 need,

requi renents an _ _
decision when to transmit. The method may operate in a mode selected 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.



25 nature of the participants. The | ocal bubbles are defined by the range
of the transmtters of each participant, and propagation. Although a bubble
will exist in three dinensions, it may 4e referred to in two dinensions, if
required or desired. For exanple, if the participants are infantrymen, the
| ocal bubbles 10, 12, 14 need 30 only exist in two dinensions, and may be
relatively small. Again, if the participants are |and vehicles such as, for

- exanpl e tanks,_APCs, and so for{b ith a | i '.terg range,. tf}e | ocal bubbl es
10, 12, 14 nedteEaLmRkbE &g PublR, 2 e paighads IR 35 Tieg LS Mo

- di rre_nsi onal budpbtec A faiticipantmapyrtangsit inanithe\stits of lagduralityodi tims slicee pf eaglanpl e,

lorries, ”“C‘;:?azgs.{wlgé%&'&le"% tﬂ[édsnéé)bé@q’ biRcatbd & Jh%éhnmeéh@l%&% diBiie need to be

even 35 | arge nensi ons. articipants are
wat er vessel s Radisipanis, popigen @xtams)rc@r ofafictity: pEreferaply. I"l?c%ﬁ“'ctPGE b8 % ay agai n
be two- di meNSi Wit in tihelRlides GRYie PaRGty lobtinkesliges dllecdtartyetheMizetivipants.cr af t ar e

i nvol ved, the local bubbles will be three dinensional and relatively |arge.
Al'l participants are generally nobile, but may be stationary from
time-to-tine. BeGuicipantonay ool blgeqbwe@rirq@amtt jugtil ghg participant haroreReiyadya be by

radi o frequencyansh&isn frmapbﬁer%aﬁﬁlpaﬁy irfths Geditﬁ dofthe pertitipelt ibywhdeef maxi mum
transm ssi on ranﬁe of transm ﬁﬁ sf N art|C|pants within a | ocal
bubble. Al pafe l@?ﬁ?&ﬂ&%ﬁ“ﬁ%@w ‘?r(?g'ﬁ'? ?9'% ﬁBsr’“ﬁBSFu cipants within a | ocal
bubble, theidentity 10 ("ID') determnes the priority of the order of
transm ssion i RPBM&}]&%AGA%W f tlrﬂ-é"ﬁlcgé ﬁhgﬁbe Fé%@rvbpfor aRtdRbiaE onkefdr t he

priority order eac art|C|pant wth
the capabi | i ti®BeghdeRIMEKY @?ﬂ&]"’l Sﬂ'WdeaVé’el\%E{)fgraB‘?mrf"%g vﬁ\f’ WRON') each
partici pant hamay beamdid be yseti dorramkemnalncemerd) by Iaeftéwlniir‘tlst@entSIT(bﬁS)OmD'm essence,
the MON is equ gkl ci pants. Furthernore, each TDVA
cycl e incl udesﬂé yeA%{n%h%ng%?\&g FHE(Jrrlt'@or Time Slot ("ACTS") that is a
pre-deternmihed allocation of a portion of the Tinme Slices for use in
control) gener mlthemasagiodgall paricigantEG treengion may baewareibestsothéflagd nunber 20
of Tinme Slices allocat Agl% g\ fixe M6&HadbNg to the
nature of the 1“885?8?58@%?*8" kgtrg |cﬁ—ﬁsear§1htmsb%F g‘?ﬁe‘es?ges It may be in
t he range of 5theenBngentent dogidys tifes Séﬂ’tlnl?é§e Pf?r%'f’@ft%l y 10% AI I transm ssion
by participants in a |local bubble will include their ID as well as the 25
I D of all othe articipants sre eive r cp t evi ous
transmi ssi &h %%‘I%e%amclﬁ?'g'f%?yaﬁ ming rée" "ergijnth © LIP gl?gga\/\%qdmpgr .Bc".”}é‘g%f‘g is also

i ncl uded. By | partidipanty in metQQIOerﬁMH!qnansm ssion cycles, if a participant
| eaves the | ocal bubble, their absence is known within one or nore

transm ssion cycles, and their . Ti 0 prevent
t he systemfroﬁ@?%’?%ﬂqnﬁﬁw gt(\'/‘\’édgﬂngo ?és &ﬁgd Qﬁwgﬂuﬂbér%ﬁ@%an{gde at any
mar gi nal conmuini toeategion, té partoinaats bhm@@%@ﬂ@"ﬁ”&f"?ﬁeaqc?fé'ﬂaﬂﬁﬂe'f ¥igteovi de the
necessary layff%m%,&,foﬁ,@et The operation of the systemmay be in one of

three principal nodes - "stable, power-on and nerge. The system may vary

between all three nodes over a given 35 tinme, but at any one tine wll be
in a single noiee warlspission mBp incledes the ofimior of pattidinapts in e regionb(Tee rR9RE wi | | be

described fir S‘ﬂay -lwiaﬁ)c.blsoui)lglé.uﬁ{er I@éa%hbbl@ nﬁy%r09§ siZe aéﬂén&nt dna ﬂ'@@bfe nmode
transmitters used by the participants 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  Inafinal 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 to perform the above method.



5 As shown in Figure 2, all participants in a Local bubble are aware of
each other and thus the nunber of participants is known as is the identity
("I'D') of each participant. As the ID & each participant is known, the
order of priority is known highest ID first, |owest ID last. The nunber of
Time Slices allocated to ACTS is predeterm ned or agreed. As such the total
~ nunber of time slices in each cycle is 10 known. Therefore, in a stable

node, each participant has %h% sanme known data: the nunber of participants,

the nunber of Bief8esqription gf the Dy of Time Slices in each cycle, the IDs
- of all participants and the transm ssion priority order. This is the

" Stabl e Mde/ r'ﬁg;gml @%@? Jnvarﬁloﬂ-%ﬁﬂé%'\ﬁ lﬂﬂ@kt Wgrahd Bﬁt%@ﬁacﬁ@ &fedt, t he right

to use the fi cycle 9?&4% Pln(g of the
comuni cat i on thgrelsepll now hegegcriped Ly ey ‘ga'?,q'? "HE{?HVPC‘?"ﬁQH'P BE"eHeYi r t ual
conmmi t nent & 0 difodinfeRd3SoNttie prébetihivehiidh thl desaiptidn beirlgl witharbiecbntotoithem ( except
for ACTS). In this way,.all  pa ti.cip V\A|| have enough Tine Slices in
whi ch to transifem ‘?ﬂ‘.’y'ﬁ%}gﬁ""‘{"%ﬁﬁ?w'@? ﬁwrr)%rtl ci pant cal cul ates their next 20
Time Slice as a sum of the Nunber of Participants in the Local Bubble

("NPLB") and A&diFe 1 i iMigiRRA of théBysthi dikfgdntent it citdrait@artisipd®;B + ACTS. For
exanple: |If NPLB = 45, S = .10%. then 45 + 10% x 45=50 25 Therefore,
for this NPLB, A’@LH%’L’WW%?W%TRSW'FH & stabilized on a cycle of 50 Tine

Sl i ces Thelmpt Figab Smm“e:haafoeaﬂwhfomefmowamenww the nessage size,
deternmines theg @rsh%%mhnmamnaraﬁnemrom@ me slices, in an optimal

cycle. There ar ts to conmunicating faster than the desired
update rate. THewePpsyloyrbarfonathird 6@ of BYS ORPPE renber s than t he nunber
for an opti nal F.grpdaﬁ@ﬂ@tararﬂdneperyiczbamumdpowamn metguce beyond the optinum
For exanpl e: 50 is the optimal size to
achi eve 35 the g@ggﬁr.ste%ﬁof%,sxr&u%m%ﬁk@.ﬁ%&@rﬁg{% is smaller than 45, the
cycl e wil | 1¥ enkipyre 8ts %@W?%@Pls%@é‘dé?émloh’ingrg?gwf’?ré‘"%pt| mal cycle size. 8
As the stabl e ppgte ok®in chait foriapaticipamn int-omerhé mpde.t i ci pants (39), a new
comuni cation cycle begins (40). Al participants transnt according to
their ID priority using the procedure described above. For exanple, the
partici pant wi PefailedDescypiian of thy Pretervgd Fmbogiments ght of first transnission
so he will not spend any tine at 5 the begr nni ng of the cycle (41 )

l'i stening nd i Ll trapsm t Al hen be
si |l ent for ered%hﬁt rﬁ{?ﬁgo r%u(ﬁ' t errr%argﬁ ﬁ%ggtﬁreélgcg b'{bﬁég J@?AS\Q%W%?&‘

wilt be 50 t| mecal| ubkis . 10A12, t14i maysexigién tities digensions; 8¢ BYAY tog defined - WRai n| ng

messages (44). d.mﬁs.&ew dé;ﬁﬁ&hgﬁbrﬂﬂ\epﬁf&d & déﬁi&tpai% b, 18, ghexX 24,2enes| be next
in prl Orl ty’ and W | 361§Q|“@“Bre|a§f of;§ bugé 1EI {? 1§| I-ﬁ'l% SI%A\I (Lf eram gil ng

partici pants) B?/ 312h8 listen to transm ssi ons
with a higher putibler i@ 12, K mapa@lso parvaried wmdmgrtarre?ﬁ t'%‘]“"?’ﬁ@“tﬁat“htﬁes

consi der ed,§ o0 qﬁhermn@ hri.c.sahe t 1@ fBhI L SuBBlesl ateaddfined b tarmgast thee st abl e

node known data5422 ran mtteddtar h stemw ||
stay in stable eéshfif e&“"ﬁ@@x';" Fea"wpmpa%g ﬁ@hehsﬁasnﬁg% helhe\?\nasz}é t he
systemwi || gotitee mmronsrptrmydneréfﬂ@d to irgwp dimengions eaqu'fﬁsémné?s'rad medi um
priority participant will be silent at the begr nni ng of the cycle (41)
allowing all participants vvrthahrgh IDt arrg%}g vygl 1L,he medi um
priority parti EPpAATEe i Lie 2AtiPBANIACY %{%’H’r% IRE e840t PT pant
transm ts, 3phe oflgbdstiistwoaisérdiens cnd maylbé aratwemesma’tll tAgeint if tha participants data i s
the same as th%he@ffiﬁ)l/é%cge% Gs kf&oé!%amg@tténkgdfga@s afndtsb%rthr@rﬂﬁénlrﬁrft&d data is

not the sane, wise it is the
time for the mﬁﬂgavrfg? DC%PPQﬂ'qSt@ 1?01?P%ﬁﬁ’st?nb? %(Q?Q?“tééﬂ? %'bﬁet feitﬁf@df%%s process
as expl ai ned eartwbefmenEhﬁalmrbble Cc ifpA hg-tange sandtvehickee isuchoam foresxeegle, i n their
all ocated Tine, ?rlréscﬁuckls QO |of¥elstaha X 46Hh, (h%:%cal | strhé:"y ABRE 3686 obsi NY
transnmitted, all e ages fromparticipants wth a | ower r|or|t 25 order
are recei ved (Aﬂgerahﬂtjﬂl"ag@NM)tWQ H@eﬂﬂ?’?f f \Whero e rpaytisipans aeguateigvess srecel ved
and conpared Wghth 4d)for Skahpls widhds KihedtaldiibBle fay agdif bk eo-diewudidnabt st ep 45
is yes after each participant has transmtted, the cycle reverts to step
41. If the result of the conparison in steps 42 and 45 is ever "no", the
systemreverts to 30 power on node (46, 47) (described bel ow) as either at
| east one new participant has joined and/or at |east one participant has
left. After the nunber of Time Slices in a conplete cycle fromthe first
transm ssion by the participant with the highest 1D a new cycl e commences
and the participant with highest IDw Il again transmt (40). After the
nunber of Time Slices in a cycle has been conpleted, a new, identical 35
TDVA cycle will comence. 2. Power up node



9 In this node, a participant is starting their data |link. There are three
possi bl e cases: Case A: the new participant will be the only participant in
the |l ocal bubble (Figure 3); 5 Case B: ¢ he new participant will connect to
an existing |ocal bubble with a relatively small nunber participants
(Figure 4); and Case C. the new participant is going to connect to an

existing " Saturated Local bubble("SB") (Figure 5). 10 Since the network's

design is to be able to accombdate several partjcipants,.in the first case
a single part ikt panpesdio ke ayitelprag, ¥iea aﬁﬁ%‘ ?fg\}@mb(e‘%'g?e '8?dl?i‘%ées§v'5'ces to

- choose from Theameetimeadiongl aridhelatpalytidrgs. pant can transnit on all Tine
Slices; but the desirable rate to transmt should be at the rate of new
informati on bei ng updated. 15 Wien the network has nore particjipants then
the optimal uphlapasticingnts, arptgeneyally mahiley byl Bay P8 SitiopRANL PR fnagsio-time. 1o

fol | owi ng R ocgsmiffcafidrebebsaniaricpamb wilces@ally te. byTfadiorfequgnay.t iLodgbant starts

their integrati to the network by |isteni . ; ring that
phase of sil erR’:’gQ'ByS'ﬁeh@a% ?O\Fl)\gar ﬂﬂﬂ%ﬁgqnsn}'etg% %\@"??8%%"?%‘%"0? ey Hﬂ)n of all
ot her parti ci peansrsitien usducoyries peoticipanis within addeal Hubkiel bubbl e and the stabl e
node known data is accunul ated by the new participant (62). The silence
should be until a full transm. ssion cycle is conplete: d,.25 3. Once a
full transni ssMoRtclpans hpee ngAgti %8' érﬁ'c'pﬁﬁﬁstv‘f'tﬁ'f‘66{%‘{aEPUb|%%C}hﬁéqeﬂmyt he new
partici panto, Wbt deteominéshtbe pticxibl & tmepatderloh rensmiksion i b4 )TDMAeyclehdheiew
participant wi, oS Rltfe graFG alar AGESTMBYycileAs al | parti ci pants
know t he st abl rgéhﬁadgﬁﬁ'ﬁmé at a,eéarl Ilgpar{i ci pants yF}zave t he know edge to
individually create the order of priorities based on IDs, and all

partici pants cago,tdyaprovidihg ieicH paridipanomiteabe 8pabilities &idi fectioGaieoira: The new
participant wll _Dbe th I er-Te N Wey inl Deel -8R lo RekPAEedliegure 3). 35
Only after t helhﬁsé%oﬁ{gﬁﬁe&%ﬁawgamzg%ﬁz)%sr&k{ph@;\taarﬁ‘g aby@t?]emsel vgéé Ii n the | ocal
bubbl e, they widcisionsinid Gagepce; Hedd@N ispgually dishigbed fQll PRtGIPaP| ces (68) and use
t he chosen Tine 10 Slice to transmt (70), The realization will occur
after a full trapnsm ssiqg e .S et e W 8% being
recei ved. Case'glﬁ{g‘?rmfﬁee er?ghwcr}ég)r ?V&Ep@ﬁé%ﬁ r=\tnl E%”%é\%@? Iftt g‘ﬂg%@llﬁsti ng | ocal
bubbl e havi ng BAGTEthattis @ reydetesiyingd pllacation phe sortien gfibeTimp SiLesder YSRe |1 D of
the partici panigofiedi,igeRéralt Miédsadinte andannbumtdmehtiof Geviirlembarsi The ntrhiger hi gher | D

will always have the first Tine Lce of .th . ; bbl e has
5090 of t%éo nu?fgr eggqﬁséﬁmtgﬁf’it%&%ﬂﬁé;% 8 f')r(%dtegfyat?'%‘g acg"f.r’?'ﬁgclfgg%b astg)"‘éwoul d
ot herwi se be 16f thelocdh bulibiEcandritis erticipdnts. dfor example, & mange inHbe raaRPifitAg Ti ne

Slices woul d bsgsegpRthy Timelslibes, fefefabffibkci ent to insert the participants
according to their priority, and to spread themover the entire cycle. This

requi rement may be inplenented by: 15 After listening to the new power up
cycle (64) al | Apaartsintssipahy parkeimantstiowlasalybile willindlysathed 1Bras well 88 € bubbl e.
the cycle vl IEF@f éﬂ'o}{ﬂe‘#‘ﬁg'libiﬁgn% RAfebsivddasyane BaMidifERt ALRRILSs GhnddagsddnCi pant s
(72)into two hal ves for two pa%l C|fEants, rt.t. ree, H]sl ridgI fcgrBtlpnrit%gi
participants, B8YRSsBrefriabhyHieinImMPRLT KIRHTSR '8‘Pa'§%1'|$ iNshded Byimil att er than
hal f the opti monprevious transmission cycles, if a participant leaves the local bubble, their

absence is known 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.



20 each participant listens to all higher priority nmessages (74);
according to their ID priority, they will allocate the parts with the
hi gher I D having the first part and the&/ lowest ID will have the | ast part
(76); each participant will randomy select one Tine Slice out their
all ocated part of the cycle (78); 25 each participant listens to all
participants with lower IDs; The cycle ends (82) and reverts to stable
node (83) - see Figure 2. when addit artici S arrlv n the
bubbl e, the stfppPerherpanatpathestapigRo eW'EE%\g CiPp?dr@%gn‘t%' g iS‘dR}\er up
- process recorrrmgw@&arﬁase C . The new participant will connect to an
existing "saturated |ocal 30 bubble" (Figure 5). V\hen the network has nore
participants than the optimal update rate it is a "saturated |ocal bubble",
yet the saturated |H2¥emMedble will allow a new participant. after the new
parti ci pants r eéne@h in hguré 2| B patitigantsp@atced tibblt ke awaeshesbiothes 35 of the

exi sting r’renbgﬁédﬁlf thfh gra%gf %arpctlpaﬁts |§4i)10w %‘ise{h g%nﬂ{y%?f”a e{?@t‘?t a Tine

Slice with re S ava
partici pant w pdﬂlmanmthe lDrpf ehnbj naftmaﬁ%irﬁ UIQWPythaP'ldébﬁtPéef'tWISr'F@"Sl Tce (88)

and they becofjghedt |Bﬁfﬁf§2%wééft |[§ Ret. | Predhunibebbi ﬁme@ﬂ@bstdnecdtamde AcTsnew a stabl e
node (90). 5 The new order Qgrtl C nts t[én ar o thr(]aco|eqsorder
with the new pHPI&EIHEHe" "’l%‘?eﬂg é“t’?ﬂe urgg?rﬁ Nt 1B SFREAGEt @r ni nat i on
of avai | abid i tknowh. FnhéFefore, Bla gablé snoamaabfamréclmyhaﬁethe)yam%kmncﬁ?@t| on of
Time Slices, b?ﬂ Hﬁhﬁ'égofsﬁ%ﬂrc ants,the %Hé?bf%ﬂ@totél@uuﬁbér dWWI%rShU& ifodes

e

(A, B,C are relativel or ar 3/ a smal |
nunber of cycl @§hgxcle, et'QFqﬁ'épéqutsrﬂﬁ‘aﬁ'éertrwm@?@?@g "“f?f '8 node
shoul d be achi v eSiabldMode/Knowa Datathows al | three cases fromthe vi ewpoi nt of
a parti cipant. Upon starting the data |ink (120) the participant "listens”

(i.e. isin a receive only node) for conpl ete trans Ssi 0 B’ Ae (122).
The parti cilfpanThed@H'CtPﬁ@rW'%é'gﬁ?ﬁﬁ basdee ?QS“QIWSGHPH'QIT‘B}? 'F?:Pfﬁg‘ﬁf 'ﬁ t he ACTS

portion of thecyarRXf.e.lthebegfnggi ddhe2€onayuticati¢nl@le). Oh dable message.cegohnt

i | pos |
their Time sl | eutdPpbEaledc (HNIRBPAnENC, § cof Smi NS Hibd SRR 20 °1 0

st abl e node i salleeatediorthape (xeapt (016973)‘ I s wayg alt earseipants wilhavg 2Pe498i pant
recei ves one 2J{3inférSI|E&rn¢wF\|EIﬁfb3f§h§rﬁlt PNseir(tiie EacH ﬁnldp%ﬁt)qalculbtesﬂ'\wmbﬂ to step

134. This leads tao,a further Ly .- 1 e | Yo cei ved
(130)7 By &1 elmeie=asip o Besdmre, SERFicHRlsin Bk tocd B! b BSEE) T
update rate. | &nd'AGES: Thehemm;@meslwsmoalculé@dFMPéBaAﬁ;Tr%er of parts (136)
and the parts are allocated on a priority order based on IDs (138). In step
140, the partiﬁl pant selects at randoma tinme slice inits part and 30

transmits in t h¥t®®THE slice (142). Again, the stable node has now been
achi eved (144) if(\&&B =R5AMACTH = 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 will remain at 50

time slices as this is the optimal cycle size.



If the result of the query at 134 is "no" (i.e. there are many IDs in the
| ocal bubble), a query is nade to determne if any tine slices are
avai lable (146). If not, in step 35 148the Tinme Slices are reall ocated,
i ncluding those allocated for ACTS. The systemthen reverts to step 150.
The participant then transmts in the allocated tine slice (150) and the
~ stable node is entered (152). 12 - 3. Merge I\/bde Tvvo stabl e | ocal bubbles

approach each other, and a rticipant in one C 5 b | es
bggorres a bri d@serheos’@g]ﬁn'@ffqdp?ﬂ(@mt @ 'SCE{\OWButBbI% é)a?“ n(?s 359)) F&pt he

- partici pant ("ddtmmubBation ycle deahs Mﬂﬂlbﬁlbpa_@lmpﬁe&mﬁmﬁ @C@Edlw tohihair dldcei vi ng
range of an adérf?)ﬁtgu |n€ﬂ|retp'rd§btﬂ1§é'aes(:rlﬂ\4d)ab3@ ?5%@&9&9@ rhc%‘aﬂ{ wihth®l e 12 (see

Figure 1) th ossi bl e cases (‘,@ ears Mon Ms Tlne
Slice (Figure highegh. @e@’@" ghe. rigk Wé‘éﬁ‘é’a'ﬁﬂ"lﬁ??'%sg & En?trﬁf’ﬁﬂ?raé‘yé'f"e #ase A .
hears M on sM SthJ ba@nrﬁig siene FyclgUa B ligipniddarkhwis tresssiet theit messmgalilsy (488 when the

network of |o eH I?.kt“e% té sﬂeﬁt ﬁta Wﬁtﬂﬁﬁlﬁgregf Jlrf?é:@ilcepuémﬁtiﬁg&ot\/Fere is a

chance that on using no one fromt ocal
bubbl e is tran@qafnplentwwwbeéﬁ timeficash At thrsaﬁ@mta%'\wh"ﬂ%m alueReBiNg | ocal

bubbl e 12 thr oyada é%egl)l ntheshéﬁeerﬁa&ﬂag pﬁ'tﬁﬁan{\lwhl&mlghweﬂ)w&ld bé mextNPLB of t he

20 adj acent | ocal wll. tra 4 L Nt to | ocal
bbbl =30 on ¢ FEry: STRviCeatt ot e BT siof M BB BAEBRAL phel, |

i nt egr at ed1NPLIB miotity, wib fistent to alltangnmesians with ja highet priorifyafit saghrPartisieam bubbl es
10 and 12 as NrMshnlts, MY &@atds! cofiadrdtOe QietdtrhiRé 1 theowadsmitedd ahia islthe same t he

transmission N received fro tal he I

partici pants i# M§SAPIS,MEH g}%m%(“g‘ﬁ ﬁtﬁ%gans g t%Lg’\ %roadcast
the two | ocal $ystehi it sth@,in $t@bld eoderendomeew oycld Wﬂjwblh)hen@e(é@)us@hwwsécel ves the
transm ssion f PLB (96) and Mwill therefore
transmt the @E@%&n%ﬂgowﬁo&f%ﬁkgqsﬁ ce in local bubble 12 (98).
Ther ef ore, 1®ach participant in both |ocal bubbles 10, 12 are aware of each
30 other. The pds§ingarmedn@er snmbditirh phiaritypartividzint will b8 sildr ahthy bbginmirgiefc ed

linearly to acﬁ\?%gé?,%@ﬁ) alle?ﬁg Ial%%a@tlic ngt}@ﬁ a(ﬂﬁhﬁgb% ﬁ&r@ﬁ\ﬂ%ﬁné e H&@‘ur’ﬂe_t wor k- of

the merged | oca ars Mon Ms ACTS (Figure 8)
35 This will beriafiychprigipantsilisten ty the rapsmissiqnsAS,ea68 RGYicRani ARSI I of N s
| ocal bubbl e 1@ata Eé@hsifi@se)o ddi@minsfifathererbnsarittetirdata iMthessanleoasktbel stable13 - The

ACTS is anal | O%g‘?t f(no%;vn(agtayﬁf e ﬁ&}%ﬁureceg Bath Iiy%\o?fﬁg Q?fﬂg%eoéysﬂeﬂfvﬂlfm' on of 1Ds

in order t& b According to
ACTS al | ocat i opovwsseh mode ﬁ%@@wwﬁa&@m‘mg f‘?i “SGFFB?C{'”’W&%@QH i, fransA;

exi sting netwoydg %J&Pﬁ?&l"e tife érbé‘e%s ad BxpRiirda lealier. Oithis Ipelrtitipant «radsamsmfeurACTS
utilization the %

| owi n roc S.ar.e t cilitate
t he announcenefif" d?esf?ﬁ? gpﬁ'%a |a£19§ %'ca?dcganbpm?wégEhp (&2 PS% E | e uses a
portion of themesyagT Qeing trandraittesk P&N%WQP@FVP"‘(W”F'PP’PS)W'thf0'°‘l"ﬁ'eprlflﬂtynay be set
to any deshs eﬁoﬂ@f@@?ec@@é@%ﬁ%ﬁﬁ%g@ﬁu thé Qéta@f%ﬁ%ﬂ i€ corisldére6 fagl esceioéd i OF | t% to
transmt on the ACTS i es. The
chance to act ug?’l‘@f’?qr‘é{'ﬁ%ﬁtﬁlf “@aﬂ”‘% kn wn 86En$cﬂ4aﬁﬂgg&gﬁgh%ﬁs§ égexarrpl e,
50% 15 The dewbferenctepartisipanifhas tiansmitips ta¢ m@aev%ﬁqﬂmﬁ for transm ssion
will be

If the result 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 ID 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



ACTS allocation = (List of the IDs 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 to transmt
(104) is 20 18% per ACTS, and there is & 4% chance to have RF collision.
The guaranteed | ocal bubbl e announcenent is 96% for the first announcenent
cycle and 99.8% on the second. Wien the PP is set to 80% 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 apnouncenent
cycl e and 97%'Biis Aedesd pYHYPant i SEF@&FE"Q?tatﬁﬂkerthqr%argﬂg%pc’tsﬁ'g'errer ge node
-froma particiqeessts view Wen participant N receives a transm ssion fromM

(154) it is fi d ' ' rARSiEhS i igle M s normal Tinme
Slice or in A&%%(A 1@%;?15%?&9%%% w@tgﬁgﬁ%ﬂy @??Iﬁlem%ﬂtggl,&%&a%%y is raised if
the nunmber of (igHtei%i pants in a | ocal bubble has been received (158). If
no, the syst entdseBetfHeheolasitipint Mikomritdt ta\aniekisting eealrkedble witha setativsly on cycl e.
35 If yes at 158, N transm i LEs. e Slice (160), the transm ssion
i ncl udi ng the Wﬁﬂ@”?‘é"c’é’?@'&'&%"s‘%{ﬁl}"hﬁ 43 %& nt all other participants of the
bubbl e 10 becofaseddheney partidpanhistgoingde ceest taea exigting neatyatefdaedl as t hey
receive from Nyjpherdf4 Frigfe 0t h 14 bubbles. Al nenbers of N s bubble
Wil transmt inturnin their tine slices thus - verifying the new NPLB
(162) - this form ng part of the stable node known data. As a result, both
bubbl es 10)o 12Sihecibametwnrks deaiay ér tothelxblecto aaepmrhndate\sevesah nagigipaRts, ito power up
nmode (164) wi tilﬂetfillg?cdg?ragﬁglemgkig Qfﬂtlrﬁa IOIQ%ubﬁ@ﬁﬁﬁhd’v@b&oﬂo‘ﬁﬂhﬁ@i@@h5 to

ers

accommpdate the extra nu rs. The Tine Slices qre gl_rsoq\léleal_lbo?%%ed based
on the merged $hogse fiam. | Tpgoretigglly, the; narticigan] can, Fansiait op #8 ' MASHEEY “AF €8 have a
new Ti me Sl i ceddshatidiate tb traresimjt)shoulthise atyisst reteobmeveinorradiien seindlinslaledde ( 166)
with the new, nerged NPLB. 10 If in query 156, the received transm ssion
was in the ACTS, and if there is no penetration portion set (,168%, a :
penet r at i obS poMhpmihe Betwerk has yepre pRftisigaNts Hiep “Pf‘ea'?“"ml U9 rafygt #8 process
reverts to stefsalatied IRcafvabmd(oB)“al | transm ssion and receptions nmay be
automatic. An on-board 15 conmputer for each vehicle can performall
necessary conputations. Preferably, the on-board conputer is directly

| i nked to the Thefakawingrsecedyies aracemen tofcasgbl e ful |l digital transm ssion
and reception. {Tr ansniThsinew pafidipare GRS treh imayatie té theaetoridayiseeningt h TDVA or
CDVA standg(ids E}ng ’QI‘ otocols. The vehicle may have a display for indicating
t he vehi cl wWiH®t he 1 ocal bubble. In this way all 20 participants may
use the sane fRequenc\buriny dhtphasen otipifenes dntthe Hew|PapiGipBMted!! adilehlst er usabl e
lrredi um conpri sjnRfmatioR QFRHEtREr p@ﬁ@@éﬁﬁbﬁﬂﬁ&eﬁvﬁw wittn 66 Michigiubbid ahd)theﬁuse ath |
east one processor to execute. one or e net i . e netho
descri bed abov&abienogRkpeyn éjah%l’e‘eacﬁ%u'%%};éy ﬁggg‘&itpgggiﬁ?ﬁ??zﬁgf%g@g%%i ng

descri ption pr eficeidrbedintirtfattiranemissioméycleliecompetesavd i nvention, it will be

under st ood ,by §hosepakd L hfidranSmit&ieh ERENS bAGNE ampaticRaMts, MRiudig me
variations or nodifications

n details of design qr,_canstr i may be
made without dephrRatiipatt, s i"llﬂ%"’ eegtgﬁl{a Tﬁ%eﬁ?q%gn.gata @@ gctbé g}%‘ﬂs: 1. A
met hod for conpanicigsnt wiinarinednse dseltthrougth ACTS (6§ arAsi alli pratieirants (knew thegi on, t he
number of part iGi,RANE ki htd! Bl baRidiSts Ha1hBRhEASHGE A PEIRILANG ctdag 5 St eps:

the order of priorities based on IDs, 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 (68) and use the chosen Time



" identities is that a hest uni

(a) allocating a unique identity to each participant; (b) allocating an
order of priority for transm ssion by the participants based on an order of
the unique identities; and (c) in eachlOransm ssion of each parti cipant
there is included: 10 (i) the unique identity of the participant; and (ii)
a list of unique identities of all participants in the region. 2. A nethod
as clainmed in claiml “wherein the order of priority of the unique

i,s first an st uni que
15 identity isSicadt trar@ A7q)retTﬁ8 q"ﬁ?“&" &qlﬁam ?t‘e&Fé‘f"rHafS’Btss'%’l%Y?fﬁ wher ei n
. each parti ci pasvimpless withba abypmsesspgssrieing rebeivedi on when to transmt. 20 4. A
nethod as clainmed in any one of clains 1 to 3, V\/nerein the nmet hod can
operate in a node selected fromthe qroup consi st i nq st abl e, power-on,
and nerge. 5. %59t Kod T&8 new RRHERRNt WlLRYNESha agexiging; ?ﬁi‘" 'i”bP'S having@er ei n
there is a 25 Manager Ghiafivey féVeparigandi(Bigurelaut ed anong all participants in
the region. 6. A nethod as claimed in any one of claims 1 to 5 wherein the
region is a local bubble and the participants are free to nove in space. 30
7. A nethod asSinteaihedl af iheangriciprstsodeflipesaigsordertd Tame wher @lopetiepai8ni ssi on

takes place i nméhet- \ORiNdvys hé\fe the ﬂr'sﬂ'flﬁhblSWe effthé wc& slfiaaesal BibbraRb
transm ssion ¢ the ti oca

o th art pant based
on the partici hPﬁEe et 195 Feﬁ” PW‘W%%"‘%F%@F a4 pﬁrﬁ f'B?'{tSLWOUIcg%iR %XB%TEt hod as
cl ai med i ni¢| ainrthé’begiingwdiali ok achclpand ihei rpmainingd Jéwe ﬁhﬂesmoaldm amAty ti me
slices of the ms%d% bfidf er‘mo ihddfBnepdricirantlab iRl tHeR pREANE land @ dphebi PanNt s.

C

16 9. A nethod alnmed 1n any one of clains 1 to 8, wherein the
partici pant doBeMAYE WG ARV until the participant has received a
transmssion fromall other participants in the region so the participant

is aware of th?hn?"éggf‘e‘}ngﬂ maAet %Eibﬂ@rﬂ%@b)} n the regi on before transm tting. 5

t0. A nmethod as ¢ I'nany one of clains 7 to wher ei n ortion of
the plural iliy of &mh@t@lmé@@elrewmey@rwclﬁé¢4) & p?@%i%‘%“tso'ﬂ‘@wé’@}” "d fromthe
group consi sting ;{aﬁmlpémé&lfbﬁﬂﬁélﬁlﬂablea control channel, and an announcenent by
a new participant he j on 1 t C ed, | _aim 10,
wherein the poft |ﬂ6‘?1°y°& %E’%ﬂ%ﬁ?@i Eﬁ% b@?ﬁ({r’ﬂland@rg%tu ﬁﬁ%r J&%HEQT{}?(@J net hod as
cl ai med in cl ai mitta jwonheivesifor twé articipdnts; thoge thirgeefos threegnarticipants.| ahd#Ped to t he

announcenent  cor rgndgi thé Htﬁnb%'rQltpahﬁlpﬁﬁtﬂé@i'éétdﬂtﬂ’éﬂ(ﬁalfﬂqaoptﬁmﬂﬁ?t hod as cl ai ned
in claim 11 or claim 12, erein a new art|0|¥ant is able to first

transmit iR0thé aﬁ?ﬁ’bm‘f‘ﬁﬂtsteeﬁpﬁ"&@lhert rigy 81887299934 4. A nethod as cl ai med
in any one of ¢l aictaidiAg toothdid ID \phiertgitheyi willtaiiacatd tiel martsvdte théd higharlDi ci pant s

 Lhe Tegion are, onake silo ‘?Pag]ﬁtr%tlgkﬁést RIGh hER 1Ry Py Par i i pant s i's

known. 15. A net hod o 14, wherein there
is an 25 opti nm eapklparticipant ‘é'"tfmpmt!'é@l??trﬁ“ﬁ(?@%tswaubmﬂ'ﬁP'éﬂcf‘tﬁﬁ"tp‘Eﬁ°an opti mum

cycle the cycle (78);
25 » each participant listens to all participants with lower IDs;
« 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 participant 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);



and a nunber of time slices in the optimmcycle, in accordance with
nmessage size. 16. A nmethod as clainmed in claim15, wherein no cycle is
shorter than the 30 optinmumcycle. 17. 1A nethod as clainmed in claim?7 when
appended to claim 2, wherein a transmssion 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.
17 18. A nethod as clained in erein,t | pr.al i tinme
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- regi on, each partnd¢i pant randomy selecting a tine slice fromtheir

allocated part. f o, (oL G5By bPinb ekt BUBRC andirbdnodd, @RbROAsiEe C! ai med i n
any one of cl ai ms erern there are a p ura Ity of regions, there
being a plurali tymée (S]S)artl ci pants in each region, wherein adjacent regions
may be merged upon a flrst participant in a flrst region receiving a
transm ssion froma se artici pan A net hod
as clainmed in r}%,nedvn%r %ro gflwtslls 5[l b{ont V\%o% ?t?é?ﬁ/] h tpg(ﬂg\]v%gmmﬁ%nﬁ al so
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claimed in any,oiiPhaf bdibysre-hidcatiohlot TAEIShELR, bl @sihg 8p&tBs,ich by Uskgal bubbl e,
the | ocal bubble gel ng of a size dependant upon a range of transmtters

used by the pa?‘?T ipants in the local bubble. 22. A nmethod is clainmed in
any one oficlainms 1 to 21, wherein the nethod is 20 perforned using tine
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to performthe nethod of any one of clains 1 to 23. .A . A 9y AL . A9. A9
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25  or more transmissions (“yes” for 126), it reverts to step 134. This leads to a further

query - were there only a few IDs 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 into 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” (i.e. 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 allocated
time slice (150) and the stable mode is entered (152).
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there are two possible cases:

10
Case A : N hears M on M's Time Slice (Figure 7) and
Case B : N hears M on M's ACTS (Figure 8).
Case A : Nhears M on M’s Time Slice (Figure 7)
15

This case will usually be when the network of local bubble 10 is not a saturated
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
local bubble 12 through the Time Slice (92). Once N has received the NPLB of the

20  adjacent local bubble N will transmit (94) the integrated NPLB to local bubble 10 on
their allocated Time Slice within local bubble 10. The integrated NPLB will contain
the IDs 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 IDs of all participants in local bubble 12.

25
When the integrated NPLB is broadcast the two local bubbles 10, 12 become one
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 Slice 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 : Nhears Mon 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.
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procedures are implemented to better facilitate the announcement of the
approaching local bubble:

Each local bubble uses a portion of their ACTS as a Penetration Portion (“PP”).

10  The PP may be set to any desired number (100) such as, for example, the order of
priority to transmit on the ACTS is the same order as the allocated Time Slices.
The chance to actually transmit will be a random chance such as, for example,
50%.

15  The determination of the ACTS allocation (102) for transmission will be
ACTS allocation = {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 to 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 reverts to step 154 and awaits the next
transmission cycle.

35  If yes 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
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on the merged list of IDs, again in ID priority order. N may also have a new Time

Slice (highly likely). The system enters the stable mode (166) with the new,
merged NPLB.

10  If in query 156, the received transmission was in the ACTS, and if there is no
penetration portion set (168), a penetration portion is set (170). N can then hear M
(172) and the process reverts to step 158.

Preferably, all transmission and receptions may be automatic. An on-board
15  computer for each vehicle can perform all necessary computations. Preferably, the

on-board computer is directly linked to the transmitter and receiver to enable full

digital transmission and reception. Transmission and reception may be in

accordance with TDMA or CDMA standards and protocols. The 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 comprising a computer program code that is configured
to 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 preferred
embodiments of the present invention, it will be understood by those skilled in the
technology concerned that many variations or modifications in details of design or

construction may be made without departing from the present invention.
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the number of participants being unlimited, the method comprising the
5 steps:
(a) allocating a unique identity to each participant;
(b) allocating an order of priority for transmission by the participants based
on an order of the unique identities; and
(c) in each transmission of each participant there is included:
10 (3] the unique identity of the participant; and
(i) a list of unique identities of all participants in the region.

2. A method as claimed in claim 1, wherein the order of priority of the unique
identities is that a highest unique identity is first and a lowest unique
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 claimed 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 plurality of time slices of each transmission
cycle, the time slice being allocated to the participant based on the
participant’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.
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- --yoz{"| #| $| % ( | } oRﬁe&ndI'tﬂahétﬂﬂmme panigigant has r;egql\[ed a transmission from all
other participants in the region so the participant is aware of the number of
participants in the region before transmitting.

10. A method as claimed in any one of claims 7 to 9, wherein a portion of the
plurality of time slices is reserved for at least one selected from the group
consisting of: maintenance, a control channel, and an announcement by a
new participant in the region.
10
11. A method as claimed in claim 10, wherein the portion is an announcement
corridor time slot.

12. A method as claimed in claim 11, wherein the number of time slices
15 allocated to the announcement corridor time slot is predetermined.

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 siot.

20 14 A method as claimed in any one of claims 4 to 13, wherein in the stable
mode all participants 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 cycle duration of an optimum cycle
and a number of time slices in the optimum cycle, in accordance with

message 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 allocated a time slice according to their

35 unique identifier priority.
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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
10 region.

20. A method as claimed in any one of claims 1 to 19, wherein the
transmission also includes the number of participants in the region.

15 21, A method as claimed 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 multiple 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.



