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WO 2005/ 015751 PCT/ AU2004/ 001054 " COLLI SI ON DETECTI ON

I N A NON-DOM NANT BI' T RADI O NETWORK COMVUNI CATI ON
weY®HFaM7sb TECHNI CAL FI ELD Thi s i nvention rel aP€FAU200a/001054

networ k of devices that communi cate with each ot her

via radio frequency. 10 BACKGROUND OF THE | NVENTI ON A

networ k of devices can be created by arranging a group

of devi [ [ i t '
o S OEERIERY %ﬁ@ﬁaﬁéﬁvﬁ&hﬁﬁﬁ%ﬁgﬁ%&m

t he devi ces.NB OMMENERATIONSYHTERM es i s

within the range of the 15 maxi mum comruni cati ons
TECHRNMQALOFIRash device, each device can effectively

communi cate with each other device in the network. The

present invention may be used in a "point to

. multipoint" system as_opposed to a "point to _point" )

This inyentipnralafgs torn reswarkiof devings thatcommpenygswith sachygther via
dfevi ces at 20 atime. In a point to nultipoint
O ¥at i on system conmuni cati ons occur between one
device and two or nore of the other devices in the
network sinultaneously. A reliable "point to
BACKGROPDBIMOF TARHNVERTION system al | ows the creation

of a 25 shared network variable. This is a variable

which is known to all of the devices in the network.

For .exanple, if.,one deyice wants to change the val.u
A et Rces g RS S e bR O e
commEfideRiwAREaPR cBHa AR L EE0 ﬁ“&ﬁ}en% | REPHIERS to [RARSMYEIata

and process the updated variabl e’ sinultaneously. |If
betwédretheptiatieesc Aroovidedethatreatd ofi thi Ide@rives issvythio theeinggl df the

_other devices in the network receive the update, then
maxigyn empeunisa Hogorngest eagh dexiceheachidlavaeaeaweffectively

var.i al?el €., 1 V%) 005 0157.5],t PCT/ AU2004/ 001054 Shar ed
comnuinicate, with sach ofhier device ipthe Betwerkin of a net wor k

whi ch has no central controller. Al of the essential

data about the operation and control of the network is
The prasanit ityergrhmadg\Heagsedrintal@poirt wwoimkilispoint 't syseesds\opposed to a

The data can be updated by
“point to point” system in which communications occur between only two devices at

radio

a time. In a point to multipoint communication system, communications occur
between one device and two or more of the other devices in the network

simultaneously.

A reliable “point to multipoint” communication system allows the creation of a
shared network variable. This is a variable which is known to all of the devices in
the network. For example, if one device wants to change the value of the shared
network variable, it must transmit a request and be guaranteed that all devices
receive and process the updated variable simultaneously. If the update cannot be
made simultaneously, or not all other devices in the network receive the update, then

the network does not have a shared network variable.
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any device in the network at any tinme and all other
devi ces are guaranteed to update 5 their data

wa@ewsni7agl y. This allows the control of devi cEGT/MURINMN01054
the network to be sinplified, nore flexible, and | ess
costly when conpared with networks having a centra

Shargé?’ Rt%ﬁgbgﬁ}/ariétléé QﬁJﬁ% the %Féﬁ?#o%aéfi t@&}rk%‘hf‘&ﬁgl%% &Rt

ices 1S herein referre 0 as a
contrfO1RAS Al bfcthe ebselitRiNSlatd hlssutahe bperdRinvee céntdeMoftBe network is
(transceiver/transmtter) which transmts data to one
known bywaech dexiredrithe netwedesivertinepuslye Tdwtdata The be updated by
r ansactl{?on al so includes ai a gené fromthe
any g¢vdre Hefhedretpiogk at gny $inpe and allqtheisdeyicesareguaranieed &p update

. a I 0 C t f ty wer/ar '
i3 BB TR D Bl O DR SRR LA o o
simplifie@NridRe fRxHI1Y hdllesd&Rely When to@pafied Hvitkedarks having a

be shared throughout the network is referred to as a
centtal comsokerver /transmtter” while a device which

receives that data within the Transaction, is returned

to as a transceiver/receiver. It will be understood

b e S R B BT RS oo
Trankdt®ioEXA T2 shcBBA kiR betiveen hr tM@beil 8CREMRMIFRY) which

econe the transceiver/transmtter. en transmtting
transmeit$daia tohare anaote ansseiway recebees vethesdatul Thedaussaction also

) (al so known as a broadcast or nmulticast), it is )
includep datasant fypm kb trapseeiven/ regeivgrs de thefranseigry tiagsmitter as

haye successful,ly received the data. If even one, 25
well 65 e S GRF of eliriiSives st et e Bicet tn i T Baibeg

the data (for exanple because of a bit error causing

data corruption in one transceiver/receiver), then all
In thistdositextf 4 desiveiwieich foee giweer Framasdtidre tiambntitsettle idagd to be

not all of the other transceiver/ receivers have =
shared reyghont themeatwiopk ds teferrgd to as a(trapseeivien/Weariemitter” while a

.usual L.y use a t hod_ of, .codi t he,.dat.a bits be
devigr LG rer eyl ¥ Rty Fhe REersPEtR o arlisged fo o5
tran O O ¢ e 000 G5 SBEL 28 Lhib REC Gy thafsalllon, a given
transpeivied/ reaciver nexylalse trantmisare ickavwlatige si@inal.alidthe next

sensitivity. Comonly used codi ng types include )
Transaghione thesiracgsgivey/ sergivsr imay beqamethe fiarsseivent frengmitter.

poi nt to point comuni cation protocols, a genera

procedure is to

When transmitting to more than one transceiver/receiver simultaneously (also
known as a broadcast or multicast), it is important to know that all

transceiver /receivers have successfully received the data. If even one

transceiver /receiver has not successfully received the data (for example because of a
bit error causing data corruption in one transceiver/receiver), then all other
transceiver /receivers must be informed that not all of the other transceiver/receivers

have successfully received the data.

Such networks usually use a method of coding the data bits to be transmitted. The

coding method is chosen as a compromise between the transmission technology
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5 have each device transmt an acknow edge st atenent
sone tinme after receipt of the data. This has the
wa@le@dossoR1 t hat the transmtting device nmust KnBOI/AU2004/001054

exactly the nunber of receiving devices within the
network, and how to contact each of them The

availabld &l Peff6ANSHE! redfuitehfert FBAPALESaGht M RsdiBitivity.
mul ti pl e receiving devices requires nany

Commemy nised icodingfypeh éndade Matdesten Coaling and bpostdifivg.
wait for each 10 transm ssion to be acknow edged. The
repetitive transm ssion of the sane data to nany

i pj . . th il able bandw dth of th .
In cop e B Bk AP R Raic R pAERCty  Befergl Phosecdpp s to
have&eﬁié.‘lg El@l&&faﬂs%i@ bhalcRnaRtedtleYifteftint sBRRUIME%REE kceipt of the

S
receil ving devices are to accept a given

datat Thisdmissthe dnawbhils tiepiphe ahsalittigsdéHee nifse Rhb@nexabtif the
shared network variable, at the expense of unnecessary
numbey9fl regeivingfevices witbin theneivarkeand howatsl eorttactacklof them.

of. co jcation nediu Alternatively a paint to .
The fliableSpiiien phehR e SRce. al e thEuntinle FeckianB flelises requires
. < - ol - . y
man%éﬁl?n ow Sés él%rrenfﬁhg g?ﬁlg Sdr":{entil'ur ne% QH‘%E%{%OH%%E 32%15 f’j'cg-heél “dat a

transitigsieh €6 baackhdwhidgedalte tégetithangahdrhBEion dflthe@hmb&lata to
able to determ ne 20 whether all of the receiving
manyjgegipiestsiagetes thawenitable handswislthed thécomtatenication medium. This

PRI PR s 5 SR s erdy i
el ARG MRSl 105 RS ERYESE gl gy

creatippofecslaired nesaotk denalsle, itahe axpeideBflirdfectdsahp Bbhbldidty and
range (determ ned by design factors, including but not

poor userof g avnilabledpand widibwd the cemetwricatsemsiadivint v,
antenna type, and signal processing algorithmns).
Conmuni cati ons, and synchroni sing conmmuni cations is

Altertﬂﬁg%rzrlg%’ oihfP @Htﬂﬁgﬁgnttt#é?g}ﬁs%@ 8Bk G838 B ?raggfcegitdga% to many

m range ore cannot conmmunl

recipigintdisiaadinreblsly, withchit\Why 2QQR6 A1 &iErhe MBN2ORFAED 1T
The creation of a shared network variable I's al so
rendgriyiaedatagyandier waraliablen end dhe trapbinittéowil bet beeble to determine

eI Sla TR S, Sl ol
transit 0P UG EPHeahd Erdt el MRS nbfwdk VARMIE BlindtDelGefiRle TO

The situation is compounded when two or more devices are out of communications
range of each other. As it will be appreciated, each device has a maximum
transmitting range (determined by design factors, including but not limited to -
transmit power, receiver sensitivity, antenna type, and signal processing algorithms).
Communications, and synchronising communications is made more complicated
when some devices are outside the maximum range and therefore cannot

communicate with each other.
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detect the occurrence of a collision, and deal with it
appropriately. Such appropriate 5 action may include

WO pdosom7eg the transmitting device that its  PCT/AU2004/001054
transm ssion was interrupted, as well as informng
ot her devices in the network that a collision has

i1 . _ ,

The {HEEHPR PR AR g ARk JREPRER o Ty b¥pecursepee of

collidiBAd bW eeh tearhis§idnd frdoh Maribak deeices. alsilibiohs Advers@taffect the
device is then delayed in its transm ssion by either a

succesafiddransenissidn of data fhepiigboonf theimetwohlatlt issimporart tbdre able to
each device in the netvvorﬁ. For exanpl e, . tgi s_peri od
£

detegtthe preizeRcasf aredbision; ik dedhwihdhaPiopr dellsy Sueh agpropriate

. the devi . i d Lch ' )
i G0 e L IR RO
inter?ﬁ@de@?’aﬁ%eﬂ% uqfdfrﬁ{lhg Bt FevitdGhehPhbiwsk thagh c'bflisllén has

eral devices wsh™to start transmtting at exactly
occutded. sane tine, they will then wait for different
peri ods. Wi chever waits the shortest tine can start
transmtting (and the other devices will see this

transm ssiqn, .regeive.it.. d ret their. o e
Tradyofil ihtBipgdrof ediicing e Plioodef chlisdog ipfligmonitoring the
med it B & pBALY Yf HiSgIEEDré Rankink@ingh 8ach Qbviclld ihehQayed in its

owever, 1s not fail safe and i"s not necessarily
transapigsioptyaditheshaaandoit petied net apelisd af einusiat isunidguetfor each
devices in different networks may use the sane )
deviegiia the sretyvork.Fozexampde tthisipariad of dmeranibevaade sniqus for each

.provi de syst em and, pr,qt ocol .fqr, 25 i.nprovi ng the .
devidR R EPeaF e R L ROTEGR Qi o dat e device to be
uniqfi _r@?sta'bTBg?Thi%)éﬁh%@sc@l%ﬁtﬂyqﬂe‘%[ﬂr)étibﬂ SNEsiBYRMBit Ao tRat if
coll1sion occurring between tt'wo or nore data

sevetal diesites svishn so statiMbiYn TN g HE ek dVENRe GhirzOtirAe cibiegt wildl then wait
to a first aspect of the present invention, there is

for differentiperiadsi Whichederwaisp the Siordest sinme garpatart transmitting (and

PCT/ AU2004/ 001054. IN. dio.fr. .
the o AR G BT ISR e e Sl eI o
transqll{liggioh%tgqgﬁ:gt%)as to be perceived by a device

recerving t a frame, as a collision when the
device is already receiving data from anot her source.

This approach significantly reduces the likelihood of collisions however, is not fail
safe and is not necessarily appropriate when multiple networks are used in which

devices in different networks may use the same address.

It is an object of the present invention to provide a system and protocol for
improving the communications between devices in an RF multicast communications
system, particularly in the event of a collision occurring between two or more data

transmissions.
SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided a data frame for

4
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5 According to a second aspect of the present
invention, there is provided a nethod of detecting a
w@odosisi7on bet ween two transmi ssions in a radi BCT/AU2004/001054

frequency network of devices, the nethod including;
transmtting froma first device, a first data franme

use BCERAdb rfﬂaqtu%nt:i}' RofninhGhicREORS hetveirk! {1 dA18$8he including data
invention;” 10 transmtting froma second device, a

that secmted stetstd beapercaivedridi adevice réeiviagahe dasnfraoie, ade collision
first aspect of the present invention; and detecting a

whepdhe deyiceds abgadnrecervinghdateiront apethgasauiceane whil e
receiving the first data frane, and recognising the
resulting data sequence as indicating a collision. 15

Acc&ﬁﬁlgx?%% Qgeé&lc?astgd&f 8t @RRSeserftiind ftidH, $R&Alis EP%\%HEH Aethod of

I's provid a radiro conmmuni cati on syst

detetting adbilipion béwesin twd &enskaiﬂsm,miarrads@freghéncf}i fietivork of
device transmts a first data frame according to a
devifes, she mepeed ingluding; present i nvention, a second

deyi ' ' dd di. .
F veponupBETn s et BFRLE 4 B8 ot BRriHoahal4O et aspect
deyt &ggrg 't‘iﬁ§gﬁt|i‘k‘iq-f irst and second data franmes and

t

det ect e coded data fromthe second data frane

whirbfsthéttieg\ftog d seeohd Ideticdis sedon@@atadfidine he@RdMEaSthe data
the resulting data sequence as indicating a collision.
framgaafdheifingt aspeet dfdhe preseny drergfory padpr esent i nventi on,
there i.s provided.a transceiver., 25 fqr.use in a,radio, .
coniartas Preaed FotEd R forg the Stendidalh gagi Rl receiving
S . . ' . . .
the frPREGHHEE and Rectipfisidy Hd Rbyfing At delibnce a5 indicatipg o
collisiohi rst aspect of the present invention, and the

second ot her transcei ver subsequently transmts a
second data frame according to a first aspect of the

resent invention, the transceiver, . in use, upo )
Aceqgieg 1 U8R 08 R PEEFRORVERHOB SRS PY e gadio
comﬁﬁiﬂi&tﬁg\ §ﬁ&§hghﬂﬁd at lehStth A fefit@Mh ubE IRt Hovice
the Fesulting data seétuence as indicating &
tranifith a Firodata fiidne A0&drdirtp fola REst/a8b@@AARO PES#Nt invention, a

According to a fifth aspect of the present invention,
seconfl slezidedranspwitele deeond data frame according to a first aspect of the present
invention; and a third device receives the first and second data frames and detects
the coded data from the second data frame while receiving the first data frame, and

recognises the resulting data sequence as indicating a collision.

According to a fourth aspect of the present invention, there is provided a transceiver
for use in a radio communication system including at least two other transceivers, in
use, a first of the other transceivers transmits a first data frame according to a first
aspect of the present invention, and the second other transceiver subsequently
transmits a second data frame according to a first aspect of the present invention, the
transceiver, in use, upon receiving the coded data from the second data frame while
receiving the first data frame, recognises the resulting data sequence as indicating a

collision.



10

15

20

25

30

conmuni cati ons protocol for use in a radi o frequency
networ k of devices, the protocol having a frane
wo pms0E7eg; 5 a first tinme slot for transm ttipgr/dams/001054

a second time slot, after the first tinme slot, for
transmtting a first acknow edgenent state; a third
time slot, after the second tine slot, for
transmitting a second acknow edgenent state; and 10 a

Accdrding to a fifth aspett ofdhe gresemd inventwn, thareds ptqvided a
transmtting a f?IIisLon i.ndi cation. Accordi%% to a

comgyupi¢ations drptesol foraussinagirdio FegHennetipskofidevices, the

[ ' c ni cati on systemincluding a
proi el ik St MeLffe

nscel g@r, and at | east two 15
t r ARSR YINEElok FQCRANShRtin g9 n the transceiver/
transmtter transmts data in a first time slot to
t hesdavaddimae ghit/ afterchi fsistimarstotyfoartednsmipidng aéasi pt
of the data, each of the transceiver/ receivers
acknpgtledgeraentidates first acknow edgement state in a

secqnd, {.ime ,s] o fter the.fir [ sl o a second
- it BEEsIRterer BieSonhd Gt bRt o FRobiitingds SEHREN

ackn®8d thbfEstite®tandor @ col lision acknow edgenment in a
fourth tinme slot. 20 According to a seventh aspect of
t hefouirds tinte slay after e thilktime dofp faviralesinating a collision
transcei ver/ receiver for use in a radio

indicagi@uni cat i ons systemincluding at |east one

transcei ver /transmtter and at | east one ot her
transcei ver /receiver, in use, the transceiver/

Acccgﬁgfg' i}?cbea[si%&%s RE8F M e@eﬂ’t%?eﬂ@&ln(ﬁBefeﬁs rsmt%geé 8o

rom sail 25 transcelver/ transmtter, ei r

cominaiitionssyateém isdludignonaas@év@trassaiittes, and = ¢eBpewo

time slot, after the first tinme slot, transmts a ]
transseivendreseeswivaiRyeineihe tsangceiven/ tlangmittey tyansmity data in a first
. after the second tinme slot, . .or transnts a collision
time 3laT e Galrenver/ e EResteyind PsHn (AR SBE Of g ufta, each of
the tf%@cﬁ%f febdi¥BrsSeflirm é&e@%qﬁrsgE%Meageﬁbgpgﬁtm%wnd

of the present invention, there Is proVided a

timetstansfea thefirst timeashot; & secdmt adks®wliad gerhentitateCiatd thisd time slot,

systemincluding at | east one 6 WD 2005/ 015751
afterpﬁq'pm@bﬁmgiqyggqr a collision acknowledgement in a fourth time slot.

According to a seventh aspect of the present invention, there is provided a
transceiver/receiver for use in a radio communications system including at least one
transceiver/transmitter and at least one other transceiver/receiver, in use, the
transceiver/receiver upon receiving a data packet in a first time slot from said
transceiver/transmitter, either transmits a first acknowledgement state in a second
time slot, after the first time slot, transmits a second acknowledgement state in a
third time slot, after the second time slot, or transmits a collision acknowledgement

state in a fourth time slot, after the third time slot.

According to an eighth aspect of the present invention, there is provided a

transceiver/transmitter for use in a communications system including at least one
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ot her transceiver/ receiver, wherein in use, the

transceiver /transmtter transmts a data packet in a
wo 200sp1376ne sl ot to the at | east one transcei VBCT/AU2004/001054

receiver and receives either a first acknow edge

state in a second tinme slot, after the first tinme sl ot

othek tRMs81er REcETPELS wierbREint UsBNHe MRIc81vel PG EhMATtRor treansmits a

recei ves a second acknow edgenent state in a 5 thir
datatpavkesind fiest tiene sloe ts duomdedstonestatscéivery reneiver andreceives
. of the transceiver/ receivers, or receives a collision
eitheradditshnelgyanmiedge state dn prsegond timerslel, atter hefirsitimeg sloh&om one

third.tinme sl ot rom one or.nore of the transceiver/ .
or micg o i Ak Rsra TG I r rehies caepRd AR EfRaiE state in a
third BYRIbORerliAESEdrit BERWIGRHOM di SOMBIELEHA ONS

pr ot oco or use In a radio frequency network of
tranSteWea ¢ Becettes, qprret¢ived a ballisivg @ckhoated garabniita@ ia a fourth time

first time slot for transmtting data, a second tine
slot aftert theghirdrtimpeloti frem enerer gloge of ther trangiietveri/ regevers.

repeat flag, and a third tine slot, after the second

time slot, for retransmtting the data transmtted in

' - 10 - L ~ t he

Accdelng 4 & itk EpEcedls @ iont SUcritl, Bt 1obrotieda 1o
com&Rlitfich? IOtoweE forl (ke ififa HEliE fretjabedy B6twastk. of Ales/ided) the

to a tenth aspect of the present invention, there is
protpea\haying a fraact mcludimgunficsa timmslet frdrarisnait timig dgtaa a second
. first_transcejver, a second transcei ver and .
time;sljeafter thetirat imeisiot, fo ekeating EReab ograncha higd time slot,
after R AP UL E Rk aAGhmifh A Ml BABT A R irst time slot
and hfeéagHitEReé Olot fdrgehe thidd dinhdslof fpeallewitlehdkhdvded@shent of a

internediate the first and second transceivers,
collisibabetweerp bwo 10e crrei thansaissiohs.om one of either the

first or second transceivers, ina first tinme slot,

the repeater transmts a repeater flag in a second

| . a .
Accqeff B} 2oL Ao e prdeh b vepkibl e ls ietiip fodig
combfurdéntRIre34@bdrh iddnaig tirdtheardceiventa dcauRaitiRRceivBLARd a

IS providéed a repeater for use in a radio
repestenntineifirat anh senpodetmanseeivieds beingtsepatated from each other by a
transceivers, the at |east two transceivers being

distanep greaterthanGHhleatt Kngf Eheip pespegtive maedmym HpBsmifrion ranges,
and ?Hne rlje?g?t%% bk 15 at{eﬁ%te%ﬁ%%q%ﬁe\fﬁe h&sg”%@ %etﬁ{nﬂg toEVers,

peater being di spose er ne

whetdif uplon! rea&itirig\Qa th BB siesTrestheh eiefifst WP QBcorREBhMIdSrers, in a
data'in a first time slot, the repeater transmts a
first tiepeslot, thagepeater tsarumids & repeaténflag v @sswindstimme stot, and then in

third
a third time slot transmits the data received in the first time slot.

According to an eleventh aspect of the present invention, there is provided a repeater
for use in a radio communication system including at least two transceivers, the at
least two transceivers being separated from each other by a distance greater than at
least one of the respective transmitting ranges, in use, the repeater being disposed
intermediate the at least two transceivers wherein upon receiving data in a first time

slot, the repeater transmits a repeat flag in a second time slot, transmits in a third
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7 WD 2005/ 015751 PCT/ AU2004/ 001054 time slot, the data
received in the first tine slot, and then transmts,
wo mos/ofosrth time slot, a collision acknow edper/AUL00a/001054

collision has occurred between two or nore
transm ssions. 5 According to a twelfth aspect of the

time RIS AR RYER Qlin RGNSt i IO bflE dnéh HaASSEE! ¥PA fourth time

use In a radi o comruni cation system including at

slot, heaﬂtsmneclatda/el@dgé Afaeelliston haglocaurfebeetiveden tieor more
transcei ver and the at | east one other transceiver

trangmeisgignsepar at ed from each other by a di stance greater
than at | east one of their respective transmtting
ranges, in use, the repeater being disposed

Accor?{j{g 1L hALIBm 4 el':’tr SR ?rgfe%t AL A, Blerd Os {a%ﬁae@ G ransceiver

transcelv wherei n upon recelving a
for ubé &da ra Qi) ddﬁ@mhﬁ[@@ﬁ)ﬁrs,ystelm indted §ecanehast oie o$l|'1é31t traﬁslt@wer and
transcei ver suspends farther action until the
a repentensthei tvansceivet end ¢be at lpast ore otbpe taosceiver eingsephrated from

time slot, data that was o |naII transmtted by
each(ofaerRy p digtanesgreatendhan ﬁakégfe?%? thelrgespoctivedapsmitting

rang?%% usd ecpg ggé ﬁ&%@[&ﬁ eﬁds@ﬁ iftle fned}ée e Prrag%c%gvér arfll the at

irteén resen I nventi on

1east%@\6tﬂ@1dtran£c@@be@ Whe@wn%té@mgsy@ém FIRg fktsth Be @épeater in
| east a first transceiver, the second transceiver

the secareb@ntesslot, thretrahswivmmaapmmtlwﬂ@cnhn uswid dm:itranscelver
transcei ver being se ted 5& di st ance gr, egﬁbzr .
reCQlYﬁ%ﬁogl Hmeﬁﬁmef«laﬁs tlaw %tmaétaotﬂlaawaﬁ@aam trgpsmitted
by the eteleransé %ﬂg O%II slcégft%rgrﬁ ggetgtg%\g%%g?g'gﬁeg@\el 85S ond time slot.
such t hat upon rece| pt of a data transm ssion fromthe
first transceiver, the repeater re-transmts the data
Accotrd angstoi s#iitrerithaspedicofithe present irsomitiosy, theshés provided a radio
upon recei pt of a data transm ssion fromthe second -
commpgiagionsystep mpladingat leant aitust trapsqerres niheserord angeeiver

and z% {e}n %It]érs ﬁ'leolqrsft I’E]%Wsée!q\?elf ddPthelde ?83& ?fa\f\ggelvéﬂl?e gggreatted by a

smts a a Sequence Instructin

dlstahEélg?é‘a%rV@{antaothﬂﬁﬁﬁl frBRsrhisBIORTahBl OF at babl G 66the 25
The system and protocol of the present invention have

transeeivers) sies répeaterdieng dispoked aiteonediate denfissbhhd sgcond
domestic, industrial and_ office appliances. BRI EF
transpeigery, syelothatmppoerepeirihpfiadata transmission from the first transceiver,
the repeater re-transmits the data transmission from the first transceiver, wherein,
upon receipt of a data transmission from the second transceiver before the repeater
retransmits the data transmission from the first transceiver, the repeater transmits a

data sequence instructing each transceiver to ignore the transmission in progress.

The system and protocol of the present invention have many uses including

applications in controlling domestic, industrial and office appliances.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a data frame structure according to the present invention;
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30 Figure 1 shows a data frame structure according to
the present invention; 8 WO 2005/015751
wEansALRZ004/ 001054 Fi gure 2A shows an il | ustrap@Cwavu2004/001054
exanple of three devices in a network with a first
device transmtting a data packet of Fi gure 1; Figure

Figtﬁ‘g i sagn bk e g tléz%téx\éguﬁé %mlge\ﬂe%]ce %‘?‘goﬂ? Wlﬁlea first

ransmtting a ure causl

devie@ttanSh@ftingda Eh&%&kggofﬁg@ré i ng di agram of the data
packets transmtted in Figures 2A and 2B; Figure 3

Figisb@Bshoetswmor #ludoative exdmiglaivgthra secoad dﬁm&gtrahﬂnﬁtlr\g a data
networ ks, 1-3; Figure 4 _shows one network architecture
PaCké‘éé’éthqﬂfﬁ 1tr6n@CB¥1@f‘6rarCéﬂh%ﬁﬁodl nment of the present

FiguiE 26" £ Thre ARFaR A tfe B R G B R B e G amd 28

Figultk S4hBwd etk del I8 A- ﬁauﬁﬁwt@d%mgtme hetWorks, 1-3;
preferred enbodi nent of the present vention; Figure

Figute dhshosvsorieapsatork aactdtdchretacansiing ve aandfesmasefibomment of the
network according to the present invention; 15 Figure
presgntWyRBtiaN; rame structure used in the configuration of

Figure SisbButbr B S p R Ao b BB hd ehY b Bierd ff g resent

mveﬁh%ﬂre 10 shows parts of the 1SO 7 | ayer nodel in
which certain functions of the transceiver device of

Figuré 6shews aframpeestfuatiichccdfibg té\algrbfdpbesCinBot Phe kol ThE present
PREFERRED EMBODI MENT According to an aspect of the
mveph@%nt i nvention, any collisions that occur, will be

Figf'e 2&?&?&%@%5%3@9%@03&?5%‘9% Lpaged i 4 fﬁﬁgﬁﬁwrdiﬂg to

the;?rreg AMRvENRGS of collisions that can occur. The first
Petween two devi ces,

Figure 8 shows a frame structure used in the configuration of Figure 7;

Figure 9 shows a preferred structure of a transceiver device used in the present
invention; and

Figure 10 shows parts of the ISO 7 layer model in which certain functions of the

transceiver device of Figure 9 are performed.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

According to an aspect of the present invention, any collisions that occur, will be
detected through the use of coding of data frames transmitted by devices within the

network.

There are two types of collisions that can occur. The first is between two devices,
which are in range of each other, that for some reason started transmitting data at the
same time. In spite of various avoidance method techniques traditionally used, such
as monitoring the medium before transmission and staggering the subsequent

transmission of data by devices in accordance with each devices” unit address, a



10

15

20

25

whi ch are in range of each other, that for sone reason

started transmtting data at the sane tine. In spite
w@boogarizeus avoi dance net hod techni ques tradi t POnaUkop4/001054

used, such 30 as nonitoring the nmedi um before

transm ssion and staggering the subsequent

b L O f dat i . ; : _
coll 2080 L G0, et AE USRI ASH AT A cach ot in
time.PCT/ AU2004/ 001054 col lision may still occur. In this

case, the data transm ssions will overlap each other

intine. The other type of collision, and one that is

nore likely to occur, is in the case where a 5 device
The qtbentynes tqogr@w anghene that ét mere lkolydeogus s intheggase where a

| k
deviifiedS i SRpmiC AR D DG SR LRERR iR S Rparate
netw%ﬂ@" AROE WS YLD ﬁé‘ﬂpoﬂl@ fgi' é)fzﬁflgfét soBg| 'c@@ ced %MQJEJ@))% to

| e ot her devi ces, out range of each

each ot}h&r(evén th;gl‘a:medlﬁﬂeyattdagllcyl hetoairks) while ppesi devi@Bdmay be
of their reSﬁect ive networks. 10 Thi s arrangenent

out omtmgmfv@Ch akheghié theyr atephysiqajlydpeated jat oppasitoerds of thgir

bﬁ gg qé!tiple devi ces share the sanme address (even
TeSPECHEt % fferent networks) and can therefore begin

their respective transm ssions sinultaneously.
Furt hernore, because sone devices will be out of

This agaggedbneadlh havbamighér pobhbiity b cellididnsiotthiritg@bddause
detect that collisions have occurred because the data
multiple devices share the ermetaeldressdpeen thaugheon differant netvearks) and

can (G Efpre Betin, Bieim stV (o i s TB0) BeowSTy Fithemmore,
becat(f:’sre%lo‘fﬁé it ‘?bQ foulP 8F par%%"dﬁ%%h othdd it Wl l?@frbotrg Qif 1cult to

I'SIons during recepti this fact can be ta

detect @ivatrdotigiond have d@allrred/\bédauts@ thec@hthitBdrdnsissidhs ﬁ@lnﬂthe
back to the first case, the present invention
respegtivie degines will noteivedlap stirestlychi these oases dowevertdayices situated

e SRR B SR e L e
dete&%i@}ﬂg&gg\%ogé Rl RRED B aﬁ&QHlsCfQ&acaNﬁér@kEﬁ 3899 EkE Y to deal

with the collisions.

Going back to the first case, the present invention addresses the problem of a
collision between the transmissions of two devices within range of each other in the

following manner.

According to an aspect of the invention, each data frame transmitted by a device
includes a specially coded portion, preferably at or near its beginning, which when
received by a device that is already receiving another transmission, will be perceived

as a collision.

10
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i ncludes a specially coded portion, preferably at or
near its begi nning, which when received by a device
wo bas/0iws5al ready recei ving anot her transm ssi oPCT/AURA04/001054
be perceived as a collision. 10 WD 2005/ 015751
PCT/ AU2004/ 001054 Figure 1 shows an exenpl ary

riguh 1 bl el B FroriuiSOL AR TR a8 potion 11, an
ackn'@@ﬂ@ﬂ?@ffﬁrtfiéﬁﬂf aRd a@lodiedi pritidHeas. E@(@nigfelgf}/sﬁgnféalt@éﬂso includes

mar ke 4. 5 The frane structure can ed in an

an “excéoptatay matkawrik. as shown in Figure 2A, 2B. In this
exanpl e, as shown in Figure 2A, device Awll transmt
data frame 10 including coded portion 13 and data
ortign 11 to be received by device C .In this . _.

The frame stragtare cun e ieed n s eXenplatiferabek 65 s de Figure 24, 2B.
i pRS!| fl; | RviQf A Wil

i 1 BERD AOMADA PRS0 il Al il AR

inclydingeeded poitfiop18andddthgodiadm 1l {o ba rewived bpdevikd C. In this
If, for sonme reason, during the transm ssion of data

situdticardey@e (aﬁv?%@lgadygemvmg anathemtransmissioperrtd ypon receipt of

e SR EARETR PS5, S R ot s b

proc??é the cgagéuﬁ it 9a¥ AR 10C &, Fdr ﬁlea}erag&@ydﬁr%‘fg gﬁ’é 39 daiRion of
rane , 1Tt W a| percei ve CO(?I ng portlon as a

dataGedrhé 30 0devide Bibegivg tditagisamit alrbsfsdctiat idaga frlihde 10 to device C, as
situation is shown in 15 Figure 2C. Upon detection of
showmén Eigure 2Bodevide (d wil siddl¢nly sletedt sadingop emtiosi 12 fidme data

oG i 60 e SRS b i
por Y3 SR AN B A, SR g

Figutéansm ssion was corrupted and it should resend the
data packet. Device A, not having received any
acknow edge signal fromdevice C when its

Upob s Rer e (SBERY BeFhat WTASHASER 16hie VRGaTlded ca
fram%llex}r&iE }]t?\)lavn %{gﬁt t%l% ng&ﬂtf *aﬁgae gﬁatr%er‘rjfég g)ﬁggel %Shattrﬁﬁgﬂlission. At
this poidisdaviéd Cwillkendhecsksiohl ke emldd decid dakeion BRWVIRSB which

hat the transm ssion of device B was
informs it that data transmission was corrupted and it should resend the data packet.
Device A, not having received any acknowledge signal from device C when its
transmission was completed (because device C was still continuing to receive the
data transmission from device B), will treat this as a dropped packet and will know

that it will need to resend its transmission.

The example described above assumes that the transmission of device B was
completed after the transmission of device A however, in the case where data frame
10 of device A’s transmission is much longer than that of device B’s, then device C
will detect the end of data marker from device A’s transmission and device A will

receive a collision acknowledge signal. Device B in this case will not receive any

11
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conpl eted after the transm ssion of device A however,
in the case where data frane 10 of device A's

WO e@s®m7ssi on is rmuch [ onger than that of deviPer/BB2004/001054
then device C wll detect the end of data marker from
device A's transm ssion and device Awll 30 receive a

ack:fb%lka%éﬁ@naﬁ AQVAREGRI abanAb thdtal dfa BakRettPhSdFGHRed and will
will not receive any 11 WD 2005/ 01575

try t@fdseAd260d4ta0d@b4 acknow edgenment signal and will
assunme that its data packet was dropped and wll try
to resend its data later. In the unlikely event that

bot h..devi ce nd, B, begi n, tr 1 t.ting effectiyel
In thg iR eETR Do (R IeY esobena P Breih iyl ity eféeiely
sim 1Bty A RIRAERATTE o rmbBrGtessifor Bl (RERpREARe il
occulevice C will eventually detect a collision anyway.

This is because there 10 are generally enough
differences in the two data streans being transmtted

by the two deviges which will. be.perceived by device, .
2% a ol | si DPE 91 eI FaRSTRUER i BHcie Fensihigsans willcollide,
re a XSt .

o HETROC hAFlvERRUAD AR o Pl RGT AR ER T s s PRloe there
t vérepaelkedlly andugicdifferéises i thelavo catdsteaans Boihgaedremhitted by
a collision (for exanple, because there are not "enough

dathe taid desricercwbichpeilibe perdeivadioy tewies &1 asa ovltisioor This is
concl usi ve determ nation qQf a collision), . hoyever, )

t HRoweyes dersndeny op %rqqt}lwreeﬁtrt!her %mu%*bﬁ?@#ffsfﬁws exist

t t h devi Cwll d

t NGRAR! Grlof SRMN A be KRt device Cwi 1T espon

a negative -ackn edge, when the last of 20 the
two data transm ssions is conpleted. If devices A and
B were both sending data streans of exactly the sane
| engt h,B t heFhédata friewi thedwa pankess will ¢ollide dintadaviiee C does not

negative acknow.edge back from .device Cand wll

r e‘g‘?tﬁc"t %%‘?alﬁSIPEQABE@g‘PV&ﬁ?héﬁ‘EéH'?%E}}%ﬁ 819 ‘%}l‘Ptefin.(’“lgx\‘lI ‘#‘Rﬁ\é\%@?rem@s

t ' . ..

o SRh ROt RABR £ S R SR 8P Eolion),

t 'R BV&ES tencoMisibniRayeésull i@ sificient estkptibe BgtheSadkream so
that the device C will respond with a negative acknowledge, when the last of

the two data transmissions is completed.

If devices A and B were both sending data streams of exactly the same length,
then both devices A and B will receive the negative acknowledge back from
device C and will retry their respective transmissions later. If however the
length of the packets of devices A and B were different, then the device
sending the shorter transmission will be waiting for an acknowledge signal
from device C while the other device is still transmitting. As the first device
does not get any acknowledge signal, it will assume that it has a dropped
packet and will attempt to retransmit its data at a later time. The device
sending the longer transmission will eventually receive either a negative

acknowledge (if device C could detect the data corruption, and detect the end

12
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fromdevice C while the other device is still

transmtting. As the first device does not get any
wa@ednowi7edge signal, it will assune that it haBCEAU2004/001054

dropped packet and will attenpt to retransmt its

data at a later tine. The device 30 sending the |onger

i ;@ . l - . >~
RIS AR G BB BRGEL e P RPR e
CQIdwEd Camill ANhAtBbRIbddd &t ANghd héParSARiAEIES ice will thus
PCT/ AU2004/ 001054 of data marker), or if the end of
datsaumertket itspackestwabed repiped and wall retey Gs tradwwiissiorClater.

wi |l not acknow edge at all and the transmtting

device will thus assunme that its packet was dropped

and w | L ret Its transm,ssion, | r. C.lf the.two
ranemiCt or st it o RRSERUER B pEhexaciing s adtdat exactly
X shihe! tiRe SHFECH 1srm§m§mrﬂ!iké1§ hﬁ‘g%ﬂtﬁée}f RhérkBbth fr@nsmissions
practice), then both transm ssions w1l be detected

bywilkbé deteCtealbydeviagCead a singihd rahamisaivth ad Will esgpomd to

to device A and Bwth a positive acknow edgnent and
eadgvierdians Rivith apesitiv; wledgmentard eacthdevigesill then

successful |y transn.tted and ejved, .whjch,it .1 S
nasstie Hakits APREeRgEfcebifhr Stk §2 biceiped which it
t he,cdetection of collisions is as follows: a ZERO bit
will be coded as an OFF, ON pair, and 15 a ONE bit
will be coded as an ON, OFF pair. Accordingly, a
collision between the ZERO and ONE data bits will be
An eyemplaryosking eystemmnwhichymay bepised an glog Hetsician of cellisions is as
foll single bit followed by normal data bits; ON, ON, ON,
OLOYEE woul d indicate a single bit collision followed by
a { 1 |5 Ll onsecutive bits
fo%&gdﬁﬁﬁ %lg‘#%lnééjld%gg‘{gé’% 8??21 %A%\lﬁ%\l ON, OFF, ON
WeUOINE Bitiveidlt ise ¢odtedcad dri ONY@OFBF psirf ol | owed by a ZERO
bit. It will be appreciated that detectable collisions
al ways lead to reception of the ON, ON pair. This is

AcceigTir silisi3s R eSRE ZRRCLRET b Bl DEL b pgeietied as

ON, 8¢V for example a collision of a single bit followed by normal data bits; ON,

ON, ON, OFF would indicate a single bit collision followed by a ONE bit. A collision
of multiple consecutive bits followed by normal data bits, ON, ON, ON, ON, OFF, |
ON would indicate two colliding bits followed by a ZERO bit.

It will be appreciated that detectable collisions always lead to reception of the ON,
ON pair. This is a violation of the Manchester Coding system which can only encode

the ZERO and ONE bits as described above.

As will be understood, the frames will begin with a START code and an END code,
being frame markers. These are also done using Manchester Coding violations. In
this case, advantage is taken of the following facts:

- A coding violation (ON, ON) followed by a data bit (ON, OFF or OFF, ON)

indicates a collision;

13
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As will be understood, the frames will begin with a

START code and an END code, being frane markers.
wabesei1ase al so done using Manchester Codi ng PCT/AU2004/001054

violations. In this case, advantage is taken of the

followng facts: 30 - A coding violation (ON, (]\I)

f II d..b | F CFF . t

o cort Ttk VialsBop Chy OBy RnpissbrignB RN, on)
codi @st‘ﬂlQlcéstRﬂl (ON, ON) followed by nore collisions
(more ON, ON) 1s still a collision. However, in the

Howieet, dntRe distanceastian@ding vixilation (ON, GIN) fdlbivlféﬂ/\byl ahyther special
anot her special violation (OFF, OFF), this cannot
violagicey (QJdt Fqu@us eannatever et dusrtogueoliigion, enilie &0 agoBision

follogg ShE e B e v gase; Geseatiene G FRMORR, OFF is used as a
leadifl! f bris 9&&&8%@9 t}{ehr%céﬁg?fe?é%%'nfs@gﬁ% 48 8nbike? iftficAting a

I ndi ca specl a

specﬁil m@?&mb@dagd fir &ﬂasiﬂ'éehﬁ Beirl trhxﬁ@nﬁﬁﬁﬂ eIf elge se?gAeﬁhé felowed by
he pair OFF, ON it indicates START OF

the pdmeOqu@éhUendKate@ISTMB QE/FMME CHfthe |St3qu¢1meaaf<dk>vz¢4bby ON,
nces: ON, ON, OFF, OFF, OFF, OFF
OFF%@&&@QWFW ON, ON are illegal. According to

anot her feature of the present invention, which is

particularly useful to 15 update the ot her devices in
The@q@@h\e@gk or distributed networks, is the feature of

the receiving device (C) transmtting a signal upon

de®dE ONgOFEOFHj OF &) OFblandsDbh Pt QEENOFFHEN, \@N ca¢ dlegal.

frames transmtted by devices A and B. This signal

will be perceived by other devices within the range

Accc{qfduﬁge | §I$otﬁe1a% flhr%odf the b?&eﬂp ﬁ\vteﬁ? f ARNUE ﬁsp 1cu]taklg useful to

vrces wt

upddtBIREBiHer Rl ARITR a rlelﬂwbﬂk Br aﬁtﬁﬁﬂféﬁrnetﬂ‘derﬁs H{éefeature of the
devices within a network or distributed networks will

receivéng déviceréd) trahsmltangoal sllglsaloxpcsoﬂmmemg theninttie collisiom ketween
e A e S8 St Al B b reved by
othelb6fed REEQ I?'An%% Jf de¥ice CGEY'coftlion and these devices will in
turn, transmit the same signal to devices within their respective ranges. In this
manner, all of the devices within a network or distributed networks will be informed
that a collision somewhere in the network has occurred, even those devices which
may be physically located well out of range of the device at which the collision first

occurred.

In practice, device C, upon detecting the initial collision between the transmissions of
devices A and B, will stop receiving for a short period of time, transmit the long burst
that forces a collision to be detected in other devices, and then resumes its receiving
function. When device C detects the collision, the detectability of data after the
collision is interrupted, so from the point of collision detection onwards, the other

thing that device C tries to detect is the end of frame marker. It will be understood
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25 In practice, device C, upon detecting the initia
collision between the transm ssions of devices A and
w@2008/014758t op receiving for a short period of PCTRP2004/001054
transmt the long burst that forces a collision to be
detected in other devices, and then resunes its
ecei yi function. When device C detects the .
that ey (P Aok mava 1 VS Pe gt SBriidEds I figery circumstance
| §Sds ; e point of
howcorf ?é?lgﬁddvg%lgt?%ﬁygﬁmg%@liﬁhlgP%étIEer 30 thing that
device Ctries to detect is the end of frame marker.
It will be understood 14 WD 2005/015751 )
There@Tthastigbt possibidity thettdurirg tredperiod phiransmission bagevise C of
al s be,.recogni sahl e i ery ci.rcunstance however,, .
the 19 Plest Eoliisian Signalrhe e pharameiel Wil eciransgfed b device A
ol M. h . . . .
or B (i c@FkraRORSIcRl bhds BOGar@ U6, hERRY B0h G Ip this case
the t&ingAassion Ralledd befackAdwldtiedemdill bbeegdrded tistat &dpped packet
device A or B (which ever transm ssion ends |ast) and
by theiddvides trarsguttingy theepadketsind eadhndeyicawdl] attepngt to retransmit
transnjssion will not be acknow edged and will be
the dagayah 3jladet=¥28e-dr opped packet by the devices
transmtting the packets and each device wll attenpt
to retransmt the data at a |later stage. 10 Figure 3
Figufd®¥owd af ¥RERIpAdrY illibkatisRbf dite@hethdAS WRICHOWESle separate,
whi ch, while sepafate, nost work in close proximty
mosttwosaithclosdperoximétywordach otlwers Netwodk 1 densistsof levRies @, B, C
and D while Network 2 consists o Vi ce and F. .
and Reyhide Rleswerh sicensisisrof gleyiccs @J Egﬁeworj@g aeRtists ghdevices G
bave, if i S Cur evi ¢ ..
and R Rt Sesluib v 1 LRIREEH e lts ARG CoidR Bansnission.
initiatéd byldedn@diA aRd BYUkl Rk @wsil eRAbmidd E611i%RI Hghdl which would be
recei ved by devices D and E because D and E woul d be
receivied biyrdevieesiage Flfecdesé Dear@ E vomlddre, within the fanige of device C
Network 2_and. G ang HI{‘EQ Net war k wi || not_receive .
howeyfrsdewrgfian Natwarke anvey JadNevarkRgwilbpotegeive this

signaé:i'bgeﬁeg s%rtﬂie%gaé 8uI gieré'n%é o tdiegﬁe @S%Ja? ei\l‘/l. glgltﬁ? i'ugx&ﬂticog, Bs the

_ _ fro vice rece!v_ed Pce (
collistbh kignAl trehldévied Eistredlved by Mekte I Udviéd DRvEI #¥irn transmit

upon receiving the collision signal fromdevice C
a similair cbllisidni sighel uiptrerecetvibg thevoltiemnisigmd ffom Slavidesl which will
e o oh by s S 4 e fon s
fromvgelvlicet EARHN e B & Wihin range of device C and will transmit its own
collision signal which will also be received by devices G and H. In this way, the
collision signal is propagated throughout the network until all devices within the

network/networks have been informed of the occurrence of the initial collision at

device C in Network 1.

The principles of the invention will now be described in the context of a particular

network structure which is the subject of two copending applications.

15



10

15

20

25

30

collision signal which will also be received by
devices Gand H In this way, the collision signal is
w@empagased t hroughout the network until all dewT/aB3004/001054
within the 25 network/ networks have been infornmed of
the occurrence of the initial collision at device C
in twork, 1. The principles of the d.nventi.on wil, now
An @i fhiesng RER BERYEE POy PR BN kiR Wl Rework
200 I shAtRe b b laeh 3.2 B 30 R e 2 A RDB B P g g vices and
mayARt ex Bahbmityeraaali/beeddeiveroin a givdnaormivhichipaTiamsaction. The
Figure 4, in which the network 200 is made up from
networf €90 may cemen@ricaye eith other natyosks?( via gatereyn 1y
devices and nmmy act as transmtters and/or receivers
in a given conmmuni cation Transaction. The network 200

The g%&@'ﬁ%ﬁgrg@% e‘éﬁorfegedgtiﬂ%ntﬁ?{ WS B thy iI@O%B?(‘@PI\ﬁQdeI anq

roto sign of the present Tnvention is

som® &G atnBIbgitie chPthdn Wadtethatded baT80. SKHEpriots ol 8t @Y the
is commpon with that used by | SO The protocol used in

presemteinvenier ig canmectionless, inmearing ¢bati aeasynglestata fgnsfeathas
once a _single data transfer _has .take | ace, therg i

taken plaseptheratd BHCERECkRION bkt pe bideien ot framrardhér before

oraf%i,rt her before 10 or after. The protocol nodel of the
présent invention is based on the 1SO 7 | ayer nodel
and is shown in Figure 5. For applications

di stributed over two nodes, each protocol layer has a
The piotboall modehafche pmegent irmeerdipu is blased ohdhelSO A laywr model and is

ot her.. node. can be seen, .15 each | ayer takes data
shows gy Figate gy Forabp %ior&ﬁgé@}btttﬁg QVET FwO Rodgs,£ach paatacol layer
and 1.1 S: .0 r [ 0§ {on
has §PRHE Gphbio B A RRencBPLLS) s HERETRE " i) b geen
each8hj&telakbh@addirdvidiid By Beckgsealps Ry itdae ibYs hiditdanit and adds its
higher |ayer.” The nane of "the PDU is prefixed by the
ownlpapéscol cominokinformatppl () fiebd. Ax eagi leyeSPBRIpratogol data unit
sessi.on PDU). 20 The physical | ayer. rel ates to the
(PDLsicithee she dag, er arrka Proided Ry ithe EpYtiigherayse The name
of the PDU is prefixed by the layer to which it applies (For example, SPDU is a
session PDU).

The physical layer relates to the mechanical and electrical network interface in the
ISO system. In the system of the present invention, the physical layer refers to the
hardware and firmware elements used to transmit and receive bits over the

communication medium.

In the ISO system, the link layer is used for data link control (for example, framing,
data transparency, error control). In the present invention, the link layer is used to
break bytes up into bits, bit stuffing (if required), framing, collision detection,
prioritisation, error detection, positive/negative acknowledge generation, checking,

repeating and retransmission.
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| SO system In the system of the present invention,
the physical layer refers to the hardware and
wo pooswes7el el enments used to transmit and recei VRCDAUS004/001054
over the comuni cation nedium 25 In the | SO system
the link layer is used for data link control (for

he TRy BTHR50.508 B AR IR a8 P01 Besing can
set-u eﬁfﬁ‘cl@ﬂiﬁ% wiRld f theirbsont Bhiertidf, thé Heluh bri 185K & @Edd for
ram ng, collision detection, prioritisation,”error

netwdek eotiting, adihesding €l vansgaionset-agkarahtledge generati on,
checking, 30 repeating and retransm ssion. 16 WD
2005/ 015751 PCT/ AU2004/ 001054 The network | ayer in the

in et SO o Ao by IR TR iRt ine,
connleBRI&H Ha‘?ﬁggg{ré%t,rb%wﬁdﬁt}(ﬁ)/ﬁé%ﬂn%n%% 4 ﬂogﬁé td. Th

e
routi ng, essing, Transaction set-up and clear. 5

trandport hget BA@Bedh théentiramseat bf theyeresérst insestiérar end
to end nessage transfer, connection managenent, error
control, fragmentation and flow control. The

transport |ayer_is not used.in the envirgnment of the
The 555808 RY STPAEISR Syt SalerdRr Alkjarts AndRng Bifontrol
for o BHARH e MUARNS: AR BRGNP ARE Pl Gent Hlention.
envi ronment of the present invention. The presentation
| ayer is used for transfer syntax negotiation, and
The preesentatioprlagenis aised for tramsfensyrdak aagotiatiemandstatay st em
ile. in the envij.ronnent ng t present i nvention,

wh he
represeataiianEARSPTHAtiPaY B thed Stiswters il inohgienironpant of the
presfl e R 8 prntRidh 127 PEiTRRY (BF bb Al Ry b ok BF
applirafiagaaeat , docunment and nessage interchange, job

transfer and mani pul ation while in the environnent of

the present invention, the application | ayer supports
sending and 20.r i ving application data. Finally,
The gpliqadiBn e inchesh syatrr 1 Gegdoy i IrAnS AL ARES Sofiagement,
i t. ' ' £ b eve
doce SRt HOPERR inf e, RNt E BBl bn W ine
environment of the present invention, the application layer supports sending and

receiving application data.

Finally, the user application layer is used both in the ISO and the environment of the
present invention for whatever is needed to achieve a specified function or

behaviour.
It is predominantly in the link layer that the features of the present invention reside.

In the protocol of the present invention, use can optionally be made of a dominant
bit, and an inferior bit. If two devices simultaneously transmit a dominant and an
inferior bit, then receivers and transmitters (monitoring their own transmissions) will

detect only the dominant bit. This process is described in a copending patent
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behaviour. 25 It is predomnantly in the link |ayer
that the features of the present invention reside. In

wo bmsprosocol of the present invention, use caPCT/AU2004/001054
optionally be nade of a domnant bit, and an inferior
bit. If tmo devices sinultaneously transmt a dom nant

i nf
appl RAaRTI sl B v e e Y e e Hiuiphag fepior bis,
and é’(ﬁhﬁ%hs A HehfealtlOtA I thRirhethbli F tRE ARG FidrSas 7prev1ously
described in a copending patent 17 WD 2005/ 015
descHbdd AU2004/ 001054 application. In general however, the
protocol will not use dom nant and inferior bits, and
collisions nmust be dealt with by the method of t he
[ nventi.on ous . bed. cess iS
MediaAcGrra ABAREE Py ot yrBit et PiOP BB RAGA fas Reriod that
t
s digtfilcr Folchtioviotih 2 ACHUR, ML LPESAE oAtk ES i istiptected,
the tfdi@nhtt@ﬂ svillttyeto alainh niddia taccesh by tramsdiittigg ngﬁéarhyle stream.
transmtting a preanble stream This preanble starts
This pireamble dtaris withhat ldastarteadsitectable, bltrh"éhecﬂammfonmeﬁlwa@ess

actirgpihe St oh RemebOSert A tioRbodioll EFRRE 4P gfia transter
ackn@%%rﬁgﬁtem} R0 g%g%fau nguq{od%ma déHvoHQ t ;ﬂbxﬂtor the

must no l'a contin y an

medid@ntieiabigtand if tivsisdstet N TEABEEH6M Bcduienghbl vﬁﬂfcﬂfer any
any attenpt to cl'aimnedia access until the

attergpiiul daino mestia aheess untibthe Mmaplesioni dthe Tuerenh&tdrsastion.
are asynchronous: they can occur at any tinme and the
time difference 15 fromthe start of one Transaction

Tran%;ﬁitlot}\% aré ég I‘E{?\E‘ § tﬂ ﬁ BC&‘? at Qn&?_ﬁﬁg Eﬁh the! %?J dlff%frence

|cat|on ansacti1 on

fromsth@(z‘stafﬂt ﬁﬁbh& T@I@{saaﬁdn 8 t}&: ﬁ@_&td'débl Pl6S haeé tobe ah mﬁegf’ai number
broken up into several sub-tinme slots containing

of bitlpéfiedent types of data. A 20 Transaction will begin
wWth a preanble for a set period of tine, foll owed by
the specific data which is to be transnmtted froma

In th%sr %ﬁﬁfc%h\')ﬁré T‘i&‘?&%ﬁi}ﬂ Hse%etcﬁlctaggsc%g]fnegnarsed contj uons pﬁzrlod of

celvef/recelvers
time®2bRen GplihseVietd18dbitme RIS abhRirifig Ideﬂgﬂem t@pd of data. A

i ncludes a portion used as a frane check sequence.
TranFadtticovwilybegin with a preamble for a set period of time, followed by the
specific data which is to be transmitted from a transceiver/transmitter to two or
more transceiver/receivers. The timeslot during which the data is transmitted is
variable in length, and includes a portion used as a frame check sequence. Following
the data transmission are two timeslots during which positive and negative
acknowledgements are transmitted by the transceiver/receivers, followed by a
timeslot during which collision indication is transmitted by the

transceiver/receivers, as described above. The structure of this frame is shown in

Figure 6.

As described above, a Transaction is asynchronous and can start at any time.

However, once started, the Transaction has a time-based structure. Special markers
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the data transm ssion are two tineslots during which
positive and negative 25 acknow edgenents are

wo ea@s®m7st ed by the transcei ver/receivers, folpPonat2dy001054
a timeslot during which collision indication is
transmtted by the transceiver/receivers, as

) descri bed above.,The structure of this fr i S,

in thE F¥hagipn 285 User FShra bt bbfafius nd indiol The gl fEngth data
r o .

portBhY M AR UIORRAAR WAI ockiv4bid hefRive JOMRNAkdpORER, and

the coflgsoraindTedtikal SreliBarWehi2RA5 ALl inPGTe ABROR4E R0 08ihg and

the Transaction are used to show the beginning and end
redupflanpeof datazricedpd infotthese Bmeplots, iagrrsitiveacknewledgement by

during which positive and ne %%il?]ve ?Cknﬁﬁ?\l& eeggg nt,
one QiAOTE HANSHIY ST TeAFIYSTa ARG P 4VE A FRAYIgqgesentiyeone or more
tran%gfz(;eg é fl‘,]egglyg gg&ée ?‘ﬁg‘gé}ébu Qn%lg Pp&ea&%icgsqﬂvaﬂz%ﬁ% tﬁg

ots, a positive
Tran8&KiAVdc @O thd¥cidowled gnefPEiendsiatpscei ver/
receivers and a negative acknow edgenent by one or
nore transceiver/ receivers can be conveyed. Al of

the devices invo]ved in the, Transactjon s(ie bot h of .
Transeeavery/Reeriy rd grishing torRasiibrely agknowiesispewill franspybs gpecial

o ¢ b Lt - .
code o, GoRBRL A MABKINLINOR A Wil e ARSI e negatve
acknbméé@ﬁn@gg,tw Il receive during the negative
acknow edge tinmeslot. Simlarly, transceiver/
receivers wishing to negatively acknow edge w ||
. receive during the po.sLtive ackn,ovv1 edge ti n&sl ot_.and .
Similarlyn franecelver/aeseiversgishing foipaativelyiacinoydedge will receive

duriﬁg Eflrllé) é\'l?selﬁﬂg a%]ix%'egﬁtgse til;ﬁgs)}gf”‘gﬁd Iag?g 518 eec\t(%lﬁ:%g’e during the

I mes are no ransm

nega@m%ﬁﬁom e tivetlde end of two acknow edge tineslots
each device %as detected either positive

acknow edges, negative acknow edges or both and can
t herefore work out .the 20 ovg al | acknow edge state of

The fmeth?ét% ARVicepmagitonihe timag kt§ F}\ﬁ)’s%r@i %_rtrc"rl}sge}&%:ensures that
by tl'{eoérgg?fetrv?g é@r%‘te&%{%ﬁ%?- %itnﬁés\fgtg RKN AN, 498 We#éc\;&éj gﬁﬁgr ﬁositive

ec _ ansceil ver/ recerve
acknbfAB§gas! fiegatRRIAINGWV]edSE GVBAHIRd can therefore work out the

overall acknowledge state of the network.

For example, the transceiver /receiver which transmits a positive acknowledge will
be able to detect some other transceiver/receiver which transmits a negative

acknowledge.
At the end of the Transaction, all devices do not know how many positive or

negative acknowledges there were, all they have to know is that there were some

positive and some negative.
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25 At the end of the Transaction, all devices do not

know how nmany positive or negative acknow edges there
wowrrs/01|5l t hey have to know i s that there werBCHATR04/001054

positive and sonme negative. 19 WO 2005/ 015751

PCT/ AU2004/ 001054 I f there were any negative

1f theF WfitE an diegafike kg lsidis al S RhERRRGE L hsririoR, fen all of the
transgéﬁf%f"/ @célt&@rsqa{(ﬁm LRGCANE gan éis@if@fﬂeydatﬁ heceitdd nﬁ?ﬁﬂé&? the

transmtter knows this and can enmpt to re-run
trans'fél&ﬁﬁ,&@amﬂmtteli kﬁbwghmﬂxai t@0 a'ﬁémpt P® ge-tinY €he Transaction.
acknowl edge will be as follows. Upon receiving data, a
node will generate a positive acknow edge only when:

Its

t he datatlrreJot as een ked ain
The gipsceidnof ¢ RRBTYRACRNO IR WU B g falliee-s UPhE Fegqiyins data, a

ent in the data
nOdea"OHI%i aédéj eébggc%&f% ssﬁ ngﬁe?lnfor mat i on used by
t het}@edfatta elm@sm@k hdybeedl dheskehagainsitdanbed@ed flaasdicheck
devi ce transceiver generally contains at |east two

di fsbquene anyhfesindftodridvalik ands  fol | ows: 15 - A Unit
Address, .allowi.ng the device to ?‘Sdﬁgl quel addrﬁssed
i n -ang afdressng ipfRrmationpreserbE: t %Eyles tiraglichgs an

th %%]I%[rgsﬁsé{o% ﬁﬁohﬁ%ﬁo{ﬂ Eltsg\ﬂ) B? the dQS d;ﬂ{ ssed

si mu o8& of Updat i ng shared
net_ﬁ@r‘cmu\gﬁfﬂsabé@sdetg&ean add| tion, devices can also

optionally contain: - A Network Addr ess, allow ng

physi cal devices to be grouped by the | ogical network

to which they are alllocated her varl?tlons are
Eachleyaceranscaiyer graerllyfoataing at least o diffespnt types of address, as

follojygndamental , and 25 used as the basis for other nore
Sophi sti cat ed addressi ng schemes. The processes

| nvol xednit M ALerRes, allodAng th@ deeraké e uaskiRNagdesssad en
as follows. A receiving device (transceiver/receiver)
wi | | igelsdiom; end negati ve acknow edge only if
- A Multicast address, allowing those devices in a network to be addressed

simultaneously for the purpose of updating shared network variables.

In addition, devices can also optionally contain:
- A Network Address, allowing physical devices to be grouped by the
logical network to which they are allocated.

Other variations are possible, but these three address types are fundamental, and

used as the basis for other more sophisticated addressing schemes.

The processes involved in generation of a negative acknowledge are as follows. A
receiving device (transceiver/receiver) will generate a negative acknowledge only if
the data timeslot is determined to be corrupted, by checking the received data using

the embedded frame check sequence.
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the data tineslot is determined to be corrupted, by
checking the received data using 30 the enbedded
wo eas®i1vheck sequence. 20 WD 2005/ 015751 PCT/AU2004/001054
PCT/ AU2004/ 001054 Where a device determ nes data
timeslot corruption, there is no point further
exa nln fleld nS| t he data,tinesl
WheRe 3 g5 ik dietininkS iy BB IoR it by e 16 R drisbes
I the transceiver/
exan&é@ﬁfﬂ%}hsf 1ﬁﬁgﬂg§%gﬁgf%§%?%§ generation of a
positive acknow edge are net and if no other
transcei ver /receiver has generated a negative
Acceptamewtféiigdata tPansmighedipy the mnscawert/ transméitessis only made by

the t%%ﬁél%ﬁ{frpg?e}ga%? %Mgog‘f S a ?trll(ﬁ% gg 2 lHx(?a;(tE/%racknowledge
are I‘H&Sﬁ‘?pﬁ o:oatﬁétsgrgfxgcg: @chgg;errq{g g@ farté% g&qﬁe&ﬁ(/e aagrﬁﬂwledge.

This $8sdRe tn@tcamtrdﬁ&@w&e&cbh&ergﬁé@r@ a givenraBgsaBE ohly once. For
whi ch the present invention can be “utilised. The
poinsequldpobd messeged, ¢blisahay meaarthand yndseagsledhmdecé hyh
device is, within_ range of the other. It w/l]l
trans&ﬁaf@rZfe@elaref,r?é{@néégwp@@m‘@tlw d WG dositisly ﬁﬁlﬁﬁ‘OWIGdged
transmtting range, beyond which it cannot conmmuni cate
with other devices. The 15 maximumtransmtting range
The a&@a&%ﬁbaﬁﬁxebg/e&@ﬂ @i REh&ItSn WRich4HE pledeit iftintion can be

limted to transmit power, receiver sensitivity,
utilisedt Siessetjyprcesadedcsbeh abo‘mr cueeslyriy usdgehen leash device is within

shart range_(ul |censed c the ran i's .
range ph ﬂa%ptfyrrf I rﬂ %gnfl%rs 0%% Mmsgﬁch deviep ay Hihavaremaximum

.transar‘mféﬁg ra%g y&q%l V\%éh AU ?g@%ﬁlg&e {iq %tltleorr de%zli'(,ce% The

he or der o n the case

maxﬁﬂ@ﬁﬁr@ﬂﬂﬁn@fmgﬁéﬁg@%\ﬁ&&ﬁnﬁ@ﬂ Byodafi@dl f2%ReMRNHihEDut not

maxi mum transmtting range of another device (ie
limited o étansotitipowestreceiviet serisiatityy amtea'madypepemdlslgnal processing
difficulties in inpplenmenting the %{Jove descri be(fl
algorithype digr shart 1ange (anlicsngedl deyicesathq %mgsrlﬁ typiraily frem tens to,

at mg%zgev\ég:ra grlfndr]ed?rﬂét%% \é%ggyﬁlée{l%]‘;‘x%&rg s%?%t%é/ %% fgr Isuch a

ranscel ver S recel
devif®is ih@RE€ b¥&erl dTQ0dRbRed. " BIMHERAte Wetd 6HE BF nSte devices are located

transceiver /transmitter and accordingly, will nake it
beyondpthe shiptientro trpycatittingeare of mepiimerkderacd @btamot communicate
with that device directly), difficulties in implementing the above-described
procedure will be encountered. Particularly, in the case where a
transceiver /transmitter transmits data, some or all of the other
transceivers/receivers will not receive the data from that particular

transceiver /transmitter and accordingly, will make it impossible to update shared

network variables.

In accordance with the present invention, the protocol described above is modified to
allow the retransmission of data between devices so as to extend the effective
transmission range of the devices used in the network. The modified protocol is

used in conjunction with a repeater which is placed roughly in the geometric centre

21



10

15

20

25

30

In accordance with the present invention, the protoco
descri bed above is nodified to allowthe

w0 edosanEni ssi on of data between devices so as pOT/axt@mdo1054
the effective 30 transm ssion range of the devices
used in the network. The nodified protocol is wused in

conjunciion W th a,repeater i ch is placed.ro '
of detVﬁceés guégfﬁ% FF%OI&%?RC; %cecg 78 %\%e%‘é’fgs g.fvmes glstrlggwdy bé}pond
theirotnV4PRANN0LE0R 4affe devi ces in the network and acts

as a relay between devices distributed beyond their

normal transm ssion range. Figure 7 shows an exanple

configuration of devices X and Y in a network. Devices
Figupe 7 shawd an example sentigeation af devitesncand Yeatanetwagk. Devices X

NPT IRTOIN S iR R e T
ranggﬁvﬁﬁs,\(f dkdx \9913: ljggﬁg‘.\sYﬁt _Hla'{asasdﬁg%s@rei@@? aWB%,q:lé‘gée Y would

now how to procee escribed a n accordance
not rétdikie thie dat£and wduld ettt kaowhhveverproceRkeas déeleyibed aBove. In
is placed between devices X and Y, and acts as a
accordgpeatveith tiihpresent ingentien heweavensiepeat detiee 30 sdaced between
.devj ce W ll receive this.transm ssion from device X
devidiaek AR ABH A ek BRIy T MAEv i,k Benptyjiata, fepeat
devibEFIAR RS i anGiZin B A8V A FARERNLEHIC data such
that dB€ice PRl Bdceive davife Kisalal Whenalevadey atahsagisia edge
status which will be received by both devices X and Y.

acknBoptledgment, dbis willdre feqeivedgt thetrepeatenrihet iepaatendn turn transmits
rel ayed by the repeater, and in turn 15 accepted or

an OY@ﬁ_@@FEBO{fY}eJng stafiis vaich vRil ew@ﬁé@%&@&ewf and Y. Both
. \, .

deiBRI SRkl IhE M on BRSERYAT B BERDL g e

acce}%t@drtﬁcﬁje\éfﬂd' by 8l eleviRes ButarpRyofltie 2epeater. Devices X and Y can then
ransceliver/transmtter. In this case, device Y w |

proceedhirsthetnomiamaiern to the 20 network however,
because device X (for exanple a transceiver/receiver)
bei ng out of range of device Y would not receive the

Of B8 2L AR SR SRR T My e

trandcBR el plranéhaf&Milh teid chye, déeideCe wYll te@ndieintenantibn thtise
data so that device X and any ot her devices within the

netwiogtk j@vafver dpasatiseléevice XJbongxNample edramsceiver /receiver) being out of
retransmssion, 25 : . .

range of device Y would not receive the transmitted data. Again, repeat device 30,

being disposed between device X and device Y, will receive the data transmitted by

device Y, and retransmit this data so that device X and any other devices within the

range of repeat device 30 will receive the retransmission.

It will be appreciated that in practice, repeat device 30 does not need to be placed
directly between two devices but may be placed in any suitable position such that

devices within the network can be reached.

In some cases, it may be possible that device X will have sufficient range to reach

device Y however, device Y, having a shorter transmission range than device X, will
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It will be appreciated that in practice, repeat device

30 does not need to be placed directly between two
walewsoessbut nmay be placed in any suitabl e posPeT/an2004/001054

such that devices within the network can be reached.

30 In sone cases, it may be possible that device X

ot e B S DS . Sl e S O HSl be
pos Bl 2 VTR0 Y RS SRLIROR o

devideEP @ reftepBat3ievIBY 3B R hidP&dr fHendsk epearid 4Rl esmbtitidated to
than to device X in order to allow transm ssions from

devideXi ce Y to reach repeat device 30 which can then be
repeated and communi cated to device X 5 Practically,
is beneficial to construct all devices in the

e B o Pt A SO M PR vy
This IiARS TRAVGICH/ dR5&, WHetRér it 88 %5 aqgéﬂs‘%&vel“ﬂrlmé}ﬁltter
constructed in thée same way and can separately

transeoiver tkctivepeor fepeat teeice, wibbe e«xlns‘tmmedl @ ¢he Sdmhe way and can be

provi des_significant 10 savings in the conplexity and
sepataiglo' esrablashier perfeina theip élesw Ngehisepipvadepdgnificant
cture vi.ce |s act

savinBauhe FoRGierbl g Fostol Pt HbEe bhof Shinf Relice need be

manff@ffed(see Figure 6), the repeater will immediately
transmt a repeat flag in a new second 15 tinme sl ot
and then retransmt, in a newthird tine slot, the
data received in the first tinme slot. The network

In useniéa dnydeedis @sting mal repeaisr, dmwesewl%mfermﬁtl@ham the first frame

[ bei ng,transcei v recelv rs that
(see Pigtisf §Eane Frrepisr AR e G BrreRrst s hnew second
time RIAGEAAhER reﬁgﬂﬁmteﬁg@némhﬁamé %fd%' tHe' d 4R %y&@ee%ﬁfrwhe first
recei pt of that data as discussed above, and t
time sRjpe dhemetivblk tlesieperatdsnalrmallgrasl destﬁb%hbemairuﬂla& devices
informall 20 devices in the network of the success or
bemg énaingmveﬁ/ receivesp thatdave aefaﬂverh@erménanﬁwtpd infesmiation will
ariso

A
then g R RAEMI e Ui el of SBRL SR Khdsiatdthat data as
dlscﬁe&gﬁf}n@ ré%d%@'r@%@éjtef AR Msub a%irddl %%PQI i‘éﬁeapgtan@ PUhform all

€ non-repeat tag transaction of Figure 6
devi&pdnithe aatwork éfithefsutadss or falure of the repeated data.

The modified protocol frame is shown in Figure 8. A comparison with the frame of
Figure 6 clearly shows the differences between the modified repeat tag transaction of
Figure 8 and the non-repeat tag transaction of Figure 6. Specifically, the first time
slot providing for transmission of data is present in both transaction frames however,
in the repeat tag frame of Figure 8, a second time slot is provided for the
transmission of a repeat tag flag. A third time slot is provided in which the data
transmitted in the first time slot is then retransmitted. The frame structure then
continues in the same way as the frame structure of Figure 6. Specifically, an
acknowledgment time slot is provided to contain a first sub-time slot for transmitting

a positive acknowledge, a second sub-time slot for transmitting a negative
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25 slot providing for transm ssion of data is present
in both transaction frames however, in the repeat tag
wo eas®1081 Fi gure 8, a second tinme slot is provPcedULos/001054
the transm ssion of a repeat tag flag. Athird tine
slot is provided in which the data transmtted in the
ackndledlze binlEy ﬁ{iﬂi stis-tiedlof ﬁgécﬁﬂﬁq}ér{s%tt\}\%g CBH%E@l %ndication.
struCture then continues 1 n the sane as the frane
Furthetmoed, if eh@tepdag tigefrbmeSfdtglilecd lahyad difloR4) time slot is provided
acknow edgnent tine slot is provided to contain a
for theitragssmystion iofre repent stagts whialk pirovides confipoaiion veall devices that
acknow edge, a second sub-tinme slot for transmtting a
the trapsmssion Bag keenoepeateds7s1 PCT/ AU2004/ 001054
acknow edge and a third sub-tine slot used for
transmtting a collision indication. Furthernore, in
The sithigtiée B8SiriBedabdv@T refationdy/tRe Sepdterdd Q:bhiéﬂf&ﬁ{ecf &VEn further
slot is provided for the transmssion of repeat
by thefaat tlatuhisqipspibde thig somenddvicastdanrbegin tid trawsmiseiont dtahe same
. the transm ssion has been repeated. 5 The situation
time. o‘é@\@?\ia Vagrs\ade withigrange af each eftdier «elligiens are normally
- ' van furthe the fagt that it is
avoidf 8T g Raft B8n MRl R syt i bz melriocefre
attemPtinkNar&aiBsioh! WehenWheRledhdes MY s68% rBhSorYHalE rﬂh% 1€ delay
of each other, collisions are normally avoi ded by
periodhforr eyamgid by beirgeinndistiarnetiverkebitilvchted within girge of each
eriod before 10 attenpting transm ssion. Wen the
other}jp gollision qagystidlpreur Jadhat casgikispssibigtorgemedeviees ing
rex | ey bei in distipnct networks but .| ocate
netwlth A RTRGDIBFoR R ehieppld ks PR Zampe it hey do nor
detecOPFeWollidith. I TRse RS feek thatd OGS R1BsibRcar ABEAH BYd ufxg?geh& of the
a network to detect a collision, but others co
collisibanin tkeit bcknewiedgernine sloat Hohvey et ahisahethidelt @gild be€ome

collision. Those devices that detect a collision can
unrelighle inpomecipeunsiipgesofloimwrese the religbdityiof detestion and
...ackno dgentime.slot. Ho [ IS nmeth coul .
notii G FERBUIIF i EisBronaRilB Byl A ntok i R Ry Buis spreads
the colliorh Bhrohl the YeWced 84 Bt AQH FREnsBh fth&tatth'eq{?\oq)/\gleagg of the
collision,” it is propagated by all deVices that det®ct
collisibh is fapidlys@isedloistedt he col |ision through the devices in

the network ensuring that the know edge of the
collision is rapidly distributed. 20

In the case where a repeat device is used, there is some delay between a device
transmitting and another device receiving that transmission. During this delay
period, it is possible for transmission to begin from another device, out of range of
the original transmitting device. The repeater in this case simply transmits the
collision propagation described above, and if possible transmits the collision
indication as part.of a subsequent acknowledge timeslot. Once the repeater has
started transmission, it cannot detect a collision but other devices within range can
do so and notify the repeater using the collision indication portion of the

acknowledge time slot.
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In the case where a repeat device is used, there is
sone delay between a device transmtting and anot her
wa@lewsoes7secei vi ng that transm ssion. During thPGT/dBbay/001054

period, it is possible for transm ssion to begin from

anot her device, out of range of the original

transmtting,device...The £e . 0 this case,sinpl .
For iR v uh iSRS mipdfe f SPISUES xilbsity Bafi SRy Teke will be
a delﬁz Bébwedthe tfim@%?éepc' R viéEBPrEckF el BvRRIHE $iaP8mission and the

i hdication as part.of a subsequent acknow edge
timetif re¢@inemits@he eransmissiprad be ré@ivedsbyudeeitety.aDaningsthintime,

it_cannot detect a collision but other devices wthin
devigey¥i gray: hegindeansmisting its oy datgavhishasilbeauseiagpllisien with the

col |l.isiaqn indig¢cation portion. of,.tthe. acknow edge t.i
transgpFion ] SeYIRcK BBISF SSEPS amice PADOGABUO 1085 Rgsmit that

9 e, i 1’{: Et i - i.C X

B e g TR

the tine repeat device 30 receives device X' s

transm ssion and the tine it retransmts the
In summasyvitbe abave dessaihes cletectioninf adwllisien vy anyr dexjce, laind

et o e Tt SR PR I 5 R s i
causér?s{e tth%gc‘régl?nsﬁ?%tﬂ%gtﬁésedét%&%ﬁtto.‘fﬁ%b&%aetg mm%% rk. The

transm ssion. Vi Cce

recei¢@igedévicé) ﬂapﬁwgaetdmh& collididrs et until theFFaisyhisdibR
above describes detection of a collision by any
finisliesy Ifcthey aan, they indicate acellisioorhaskito thofransmettimgdayice using the
.that |ooks. like a cqllisiqn to er devices. .This 10
colligigasadipiediald OF s rknomdedgmena i S atag Sy Tribimgayethe
trandf B8 Aek e RECWIG MR PR iR B b
approphiasdipSif thdy dai@t edicatetBy coNicrabfkaoahk tiaisaitthacdevice,
to the transmtting device using the «collision
the receivingt deviiges|dd ndt teind angkaaknioadegdgment at al). Injamy eslent, .the
t he nsmtri ngitﬁevi ces know

_Intgis.vva, tr ] hat 8 .
receivyg slevyiges %\'gg%acr&ﬂfrt & C lon{ %r_leq,chg% eyjdetected the original
ot 88 APt b OB EANIRLIBROR LA 601

ck'to ransm
devi€lRS tiOtraAdm et waY uastaevdfatibemiise &T\e}aéﬂrt]heﬂ getapecific
t he

event, the receiving devices are aware of

indicatibhiasisonh (@i getevo dnkoaudedgment atetlb dihéslapproachiegtemals through
collision, or they detected the propagated collision).

the repeatehyr |y, the transmitting

A further refinement of this includes the monitoring of the medium when any
transmission starts for a period of time that varies from one device to another. This
helps to reduce the probability of a collision occurring. The amount of time to delay
is generally an integer multiple of the time a single bit takes to transmit. This is a
collision avoidance period. By making the period unique for each device in a
network, collisions would in theory never occur. This is accomplished most
expediently by using the unique address of a device, scaled by, for example, the
duration of a bit, as the time to wait when monitoring the medium. Optionally, the

delay can be increased with each successive collision detected. If too many
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devi ces know the transm ssion was unsuccessful because

they either get a specific 20 indication as such, or
w@edosns7acknow edgnent at all. This approach ertCEAU004/001054

through the repeater. A further refinement of this

i ncludes the nonitoring of the rredi um when any

ansm,ssi on st of ti
succep ORIy RUEelttesteh B ExERIE S8k patpset Birpiff Sumber)
the uiap&n@srsﬁh@siﬂté Fy & bé‘c&x‘?éelll'ea'a‘i‘l'a é}@sgéfa't&%otir .amount
time to I's generally an Tnteger nultiple of

the tine a S|ngle bit takes to transmt. This is a

col I'i si on avoi dance period. By meking the period
Accordinglye the pnb'a@me@ecnlﬁ ongan ocei@t (Hoeazeticadly)iis whres toourdgvices

never ur. This li shed nos

use g 3l ERIAPEPh i AR, SCSera Bistingf nef Ak age within

rang{ﬁﬁéatecﬂ cﬁ}{? l&mfgvfﬁ(?ﬁﬁ{ >ia zlﬁt%gf’l %ﬁgﬁﬁg déﬁleﬁl &klussBd

previeRblygnald ¥.addressedel ﬂférbdbl@smﬁ ?’ epsgsion tleRTbf the present
succCessive collision detected. too many 25 WO

inver@3®6/ 015751 PCT/ AU2004/ 001054 successive col lisions

are detected (for exanple, above a pre-set threshold

nunber), the transm ssion att en'pt can be cancel | ed

r i I ]

s pRYTn Rl SRELER pREHCR 3L i RERI Yondif O deviddBinhe
netw8Virc@® sameay! fIh1§1@1@En§jﬂ{aQ)éa&€ Heeide, Whethet dadiapPEN

if several di s%li nct networks are within range of each
transogitier/ t(ammmeastrmseeivm/f m®celver aprepeat deVicg,rwﬂl b«m:onstructed in

the szgrlgg Wegfs«%%i gqirgvégggsz;r)é#l gweadaddr Sseg@ e51red functlons This
o LG 5 PR Ao SO o

" one ty?ebhéeﬁégﬁem%e nl&tsfablR@eg. t hat each device, whether
|

acts as a transceiver/ transmtter, transceiver/
recei ver or repeat device, wll be constructed in the

sape y and can be parately enabl ed to perform
The pREFeCURPICEERERR PhHE trapgceives dgyicged0 é%sswr?él&ﬂecelver a

rad10%?¥ﬁs@1%§te x&gs n%g{%rgz‘és% %sg aedt tgj "&H&' fc% #)éﬁ?nal ly | be

Sl nce on V ce nee e manu

comblhi&d RS sftﬁ%ﬁﬂttéfmie@ém@ﬁ at kRowalintHig 9twRith GRbWRIdedeM T
100 uses a radio receiver, a radio transmtter, and a
includirgy mirropessssor Mfewel fransittangrécesres 126 Topisiuittek f seceiver

e )
120 transmits and receives data via antenna 130.

It will be appreciated that use of a microprocessor is not mandatory. For example the
protocol could be implemented in a dedicated integrated circuit, a programmable
logic device or a programmable gate array. Using a microprocessor is convenient
because it allows a readily modifiable software implementation, and reduces the
overall parts count. However the software implementation is only suitable for low to

moderate data rates.
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conbined as a transmtter/ receiver, as shown in Fig 9
whi ch shows device 100 20 including m croprocessor 110

wapdshrsaasmi tter/ receiver 120. Transmitter /rBCEAV2004/001054

120 transmts and receives data via antenna 130. It
will be appreci ated that use of a mcroprocessor is

Tre s BRa Eoe e ek e 1400 %ﬁ"ctsﬁv°°'rrt%§$%mténformatmn The

f v tifcl
choi GRS S0 148 R 1 DL ATTIL B B8 A uciog
(buthbt Hﬂnht@wstoﬁ readily nodifiable software

i mpl enentation, and reduces the overall parts count.

roueyers ! M6c 05N diTRRRINTH 90 Ao SR Fproduc
PCT/ AU2004/iN®:Q24d5 10 15 20 25 30 The function of the

transmtter/ receiver 120 is to receive or transmt
i nf or mat i Gach Torentry ek cegdhtionsithatideterniine dadprsdnclyding

ot 11 m 1 Blovable BeadiiEiasoanaPU R LR E AR b BRI D
mar ket | mI?aﬂM?l'l?{% 2&%&%?%&@{% b uslaqnf%a o Jetfttles may be

country has regulations erm ne ors
i ncl udi nglue@al RNetee chtirgURNCi es, transmt power

| evel s and bandwi dth. Transmtter/ receivers suitable
for use i Hospnelwdsimtith @brord/sdles appdad ah rangovheruntries, it is
countries. Faor oduct s ', broad sal es peal jin
range of P8Pl E@t semerfflg fjéﬁ%% NS CeiNgrs ‘gé@ %ﬁa to be selected,
di fferent [ ed to be sel ected,

" abbRIRESL KSEEH L ndy?

appropri a coun
b. Power consumption, in conjunction with any other considerations
that determine the amount of power available.
For example, transmitter /receivers with a high power consumption

may be unsuitable for battery operation.

c. Time for the transmitter/receiver to switch between receive and
transmit modes.
In the communication protocol of the present invention, the time to
switch between receive and transmit is important, because the
protocol includes a set of fixed time slices. Depending on the overall
transaction being performed, a time slice may need to be received or
transmitted.
The time to switching between receive and transmit constitutes an
overhead (dead time). Large switching times have the effect of

wasting bandwidth.

d. Interface type.
Many types of transmitter/receiver are available. A type that
provides digital data input and output gives the simplest interface

with the microprocessor.
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b. Power consunption, in conjunction with any other
considerations that determ ne the anount of power
wa@rasloasse. For exanple, transmitter/ receiverBCTAUR0001054
hi gh power consunption nmay be unsuitable for battery
operation. c. Tinme for the transmtter/ receiver to
switch bet) en . receive and transmt nodes. In the
comuniati® raﬁ?'ot ocol of the present invention, the

time to . rtt%tﬁsﬁﬁttt@ﬁ Qcéi@&exiléé?ilsf%ﬂguﬁaggm&airﬁte afppropriate to

i mportant, because the protocol 1nc es a set o
fixed tinthesdvezel progpendynigenientd) Thow@sdtalrhte could be anywhere
transaction being perforned, a tinme slice may need to
be recei vbetvgen extremsely dowdr erteenelrigls swi t chi ng

bet ween receive and transmt constitutes an overhead
(dead tfi nBhysit&lrsyge, and tthdhnguritg sphavevdihdlef f ect of
wasting bandwi dth. d. Interface type. Many types of
transmgtegls receiver are available. A type that
provid Igital data input and output gives the
sinplest interface, wth .the m croprocessor. 2-7 WO
2005/ 05 78R Ok ISty GEH0s4 . Data rate. The
transmtter /receiver needs to support a data rate
appropriate to the overall product requirenents. This

At thdatedy leis€ tho tladsiéttanrededver ndeelsiveen extrenely | ow or
extrenely high. 5 10 f. Physical size, and the anount

of space AVRindNidataInpHltked By theRMiRtofbcdiest Biplace a

effort.
communication state onto the wireless medium;

b. A Receive data output, used by the transceiver to indicate to the

microprocessor the state of the wirelesss medium; and

c. A control input, used by the microprocessor to select a receive or

transmit mode of operation of the transmitter/receiver.

Control inputs can range between very simple, and very complex. At the simplest
extreme, it is used to select between receive and transmit. Some transmitter/receivers
support a low power "sleep” mode. Others allow complex setup and configuration to

be made for transmitter/receiver operating behaviour.
For the protocol described, the type of control input is not critical.

Some suitable transmitter /receivers include RFM ASH series TR1000 to TR3100,
Chipcon CC1000 and Nordic NRF401, NRF403.

The microprocessor 110 is used to implement the communication protocol, using the
transmitter /receiver as the means of placing communication states onto the wireless

medium, and receiving communication states from the wireless medium.
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At the very least, the transmtter/ receiver needs: a.

A Transmt data input, used by the m croprocessor to
WwW@k@e®1:51 comruni cati on state onto the w rel esSBCTRUROAN01054

b. A Receive data output, used by the transceiver to

indicate to the mcroprocessor the state of the

w relesss nmedium and 15 c. A control input, used by

the m croprocessor to select a receive or transnt

The tifpé @ndfchoRercfirhRRoPiock s rtis ABSVAryteitichE %ﬁb\/ﬁ{ed thapitrcah

i nputs can range between very sinple, and very

perforumpperations withepsicigel tewing. diherdegeee of piesisisredniyoneeds to be

sel ect petween receive and transmt. Sone transmtter/

enough taaygidscreating biterzons iy, the gemmuisaion pepfecoly her s

al | ow conpl ex setup and configuration to 20 be nade
for transmtter/ receiver operating behaviour. For the

nglé?ﬁ&teﬂriﬁ alBiRBrichteddhhRér, bBBUise! tﬁlmIOWS the
critical suitable transmtter /receivers incl

pointRAWYAGH the ltlmx-.'sslilaai begirt o BRI, recémiséhi. pcon CC100 O

and Nordi c NRF401, NRF403. The m croprocessor 110 is
used to inplenment the comunication protocol, using

e SR el BERt sl Ml

ﬁmctm%l i ving communi cation states fromthe wreless

um 28 WO 2005/ 015751 PCT/ AU2004/ 001054 The type

orovi adu i PrCedRe Er TG By Beri ited e ifmissign and

timng. Thee ﬁSﬁe?oroéxal% el Ma%h@é&éxycdaﬁﬁﬁs to be
enough to avoid creatln bit errors int

comuni,cai on r.ot ocol

o o bRy B Afeheceivel O Rl 2 85RinddRRSR! for example by

al  ows t hgnJdAehMiki Oly»gtglacpretaﬁﬁ,l@l me slices begin to be
easi |y recogni sed. "The nicroprocessor is responsible

for i m%I eﬂg{é hﬂgé’atc hﬁﬁﬁ{ some of the following 10

functi ons: a encodlng and decodi ng schene used
for tr z?fsen SSI on and
. Creation of each time slice, and appropriate transmission or
reception during the time slice to exchange the relevant

acknowledge information;

e. Implementation of an error detection scheme that can be used by a
receiving device to determine if a transmission is received with or

without error;

f. Implementation of an error correction scheme that can be used by a
receiving device to correct for some number of received errors

during a transmission; and

g. Adding a repeater function that can be used to change the structure
of the transaction, allowing the information packet to be repeated

for the purpose of extending the range.
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reception - for exanple, Mnchester coding; b.
Recovery in the receiver of the transmtted cl ock -
wo e00sexaspl e by synchroni sing onto a preanbl ePCT/AUZ004/001054
Detection of collisions; 20 25 d. Creation of each
time slice, and appropriate transm ssion or reception

Asp %ﬁbtﬁ‘ﬁdlm&ﬁbé@ a%oh%oh‘i‘n@t’h%ﬁ%g ﬁegé}ﬁn tﬁé/ gmctlons used in

ackno edge i nfor mat i on; e. rrp errenta an error

comrilehiationrpretdwieisthalSO driaper moedl. Whist o ﬁﬁﬁb&ﬂe"&rueture based
device to determne if a transm ssion is received with

on thés mogfel gt mandatory,, 1tS| el seamprifies rtlzmomralirdesrgm Using this
o,recti gn _sch c e used b receivin
modglofediinefng PPagtmpd an 5 BoRGmLER By reishewrein ggdo.
during a transm ssion; and g. Adding a repeater
function that can be used to change the structure

The thit@opfaesetha@dwadé pEWites ﬂ'féeelédf’ch%lniﬂér%beRPﬁzﬁkaltlﬁ @ﬁ, while
repeated for the purpose of extending the ra 5

the MAQ' 010067906 TH tw RETP et R@EHIRO LAY ons opalt highes Ileyyers
descri bed, a common nethod for describing the
functions used in comunication protocols is the |ISO

o pafybBHE ROl NIACTE o300 PG SHIASHAE R, BERG g Tor
time-eMeeall ﬁm@ﬁéﬂlﬂﬂf déﬁ'tﬂﬁﬁsmbéion ﬁﬂ@%ceﬁtﬁ%\ flﬁ'&lﬁahfg:ﬁ least some of
performed in the bottomfew | ayers ‘are shown

the fdbwimgThe ni croprocessor hardware provi des the
electrical interface (Physical layer), while the

i Cr OpROCS@sRhg aqfew»ﬁraﬁs@gsf&f ThBgh rhi@68 ofh :
hi gher | ayers.oin particular, e soé%&@e NLAG B nff preamble);

porti o Ofraﬁgﬁl{th{g(d&t%ﬁ{s,' s responsible for all

c. Transmitting frame markers;
d. Starting reception;

e. Synchronisation onto the transmitted data stream and clock

recovery;
f. Reception and decoding of data bits;
g. Reception and decoding of frame markers;
h. Notification of a collision;
i. Starting each time slice; and

j- Transmission or reception of data bits inside a time slice.

The software MAC-F portion of the Link Layer is not so time critical. It is responsible

for higher level message-oriented processing, including at least some of:
a. Construction of a packet from received data bits;

b. Packet error checking;
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10 time-critical functions of data transm ssion and
reception, including at |east sone of the follow ng:
W@200S08761 ng a new transm ssion (i ncludi ng geneCEBATUZ004/001054
of any preanble); b. Transmtting data bits; c.
Transmtting frame markers; 15 d. Starting reception;

ransmitting fr: star
and o1 SR RUARTAPOF RHp %o AL RROTICRE o B ST

dat a bi t sickiowledgitheRintothids dReMUNUsy the dtRe BRdKRirfices of
h. Notification of a collision; i. Starting each tine

slice; andAC-Bjy ansmi ssion or reception of data bits
inside a tine slice. The software MAC-F portion of the

Li nk Lay _e(bﬁu@nany) Béselli dFep&dket bGakturb!sched iR MSbPeRtion of a
25 for higher |evel nessage-oriented processing,

i ncl udi ngrepeateddsanswissionf : a. Construction of a

packet fromreceived data bits; b. Packet error

checki g; SBRIMOIROEARABIDR HGTHAZACKID01054 C.

Det erm nati on of when to acknow edge, and the type of

Servi obs o fkeh f PigRRA IRl 29 0BEd on'packet

structureT schedul ing the operation of a 5 repeated
t r ansBs | GRSTASSON @f 2 packgy, bihat 8 RN ssion of a new

packet; f. Generation of packet error-check sequences;
g. Tr ahsni>egnimatioh of agkisieiedgeimends, aadt dakksions, and

determination of whether a packet should be re-transmitted and

when that re-transmission should occur.

Many different microprocessors are available. Some have special hardware functions
available which remove some of the processor load for time critical functions, such as
generation of time intervals, generation of pulses, and so on. Whilst these hardware
functions are not mandatory, their use greatly simplifies the software design and

coding.

Some microprocessors that are suitable for use in this invention include the Texas

Instruments MSP430 family, Atmel Atmega family and the Hitachi H8/3644 family.

A useful feature of an aspect of the present invention relates to the accurate detection
of the end of the variable length time slice containing the data transmitted by the

transceiver/transmitter.

It is desirable for communication media to require some form of balanced
transmission to avoid accumulation of a dc offset. This balance requires that the
number of ON and OFF states on the medium be equal, when considered over a

moderate to long time period.
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h. Exam nation of acknow edgenents, and col li sions,
and determ nation of whether a packet should be
WO eo0s0881Si tt ed and when that re-transm ssi on BEDAD2ZD04/001054
occur. Many different mcroprocessors are avail abl e.
Some have special hardware functions avail able which

There@i®u @usMar ffentb@indl RREARAthAAE Belisdd (8B r&idite G data bits
functions, such as I5 generation of time intervals,

into gfatesrant thermediypnl Fhese eany indenns offid ixindwielik théy é@siéne on
functions, are not mandat or their use greatly

the r’%?‘ﬂ‘b‘l"“ffai“é]st?‘ﬁ (sase of xeray er y&firhg Aragysenitted diatayin Soexeiver.
m croprocessors that are suitable for use in this
i nvention include the Texas 20 Instrunents NMSP430

The pdfiérr¥d c68iMg! schémRIdMaHEhkyteR 09 in3e witH %qu{ti\)gfgést%ﬁo%%oding

famly. 25 30 A useful feature of "an aspec e
violapioes @s tesaribext éanlier.el at es to the accurate detection

of the end of the variable length tine slice

containing the data transmtted by the transceiver/

The YRR B b Py 8 e 8 FERGBIPN (LI EH R P8R 60 OFF) in the
iddaY o) res £ i s.bal .
T e A YRR PP R e P fl B v date

recoverylianthsgackemgmnidationtwitoahe stagiefedeodesk.a noderate to
long tinme period. 31 WO 2005/015751 PCT/ AU2004/ 001054

There are a nunber of encodi ng schenes that can be
e dat into . states on the

dto translate t |t [
In theinchEstef 888 B¢ olafiop 225 R O o Dol PiNirece Ry permitted.
consune on the nedium and the ease of recovery of
the transmtted data in a receiver. 5 The preferred

The Manchegtercdaean berpliiast, 66 thadhe dleghil s1até Bhgs hid/8sdbH
of coding vjolations as described earlier. The

conveypRdaEBaien abet points/ef Hgrifiganteat e transition (OFF to
ON, or ONto OFF) in the mddle of each data bit
which greatly sinplifies the process in the receiver

The eRhctdofke of the illegal state sequence is not very important, so long as it is
used consistently. Preferably, the dc balance of the Manchester coding should be

preserved.
A suitable coding to represent the end of the variable portion of the transmission is to
use a simple illegal sequence: (ON, ON, OFF, OFF). This preserves the dc balance,

and can be easily recognised by the Manchester decoder.

If additional information needs to be conveyed, this sequence can be used as a “lead-

in”. So, for example, other possible sequences might be:

(ON, ON, OFF, OFF, ON, OFF) = first point of significance
(ON, ON, OFF, OFF, OFF, ON) = second point of significance
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clock. In the Manchester code, the state pairs (CFF,
WORWsatISON, ON) are not permitted. The MancheRtCPAUZ®AB01054
can be exploited, so that the illegal state pairs are
used to 15 convey information about points of
sphpanifi,cance. ; T t [.G: e || ggal
Whert 1 Baet{dts4td (i]\?/aélﬁégfl% naprglrz?g%t%,e%sdogq%ﬁ%era -E)rei?ésr%cg prgtocol

sequence 1's no
impléiRAXaBbRM bit-orfrRé & syRkNroridiB, Aied BRPIRNGS 811 al B&ing tt())l denote

Manchest er codi ng shoul d be preserved. 20 A suitable
points oflsignificance i dsevdridble panid of the variable portion of

the transmission is to use a sinple illegal sequence:

(ON, ON, OFF, OFF). This preserves the dc bal ance,

This bR BRVaS et Y CTORAIERASIOha Fats Rewdip Ebisigp in finding
the elgcg gy ﬁ%@e&ariéﬂ'fé ?g?t%w 8 P@aﬁ@@?/ %I%sé)u ?@Hngﬁen?ent! (')Vébsgi'_'ny reliance

r exanp ot’her poss sequences m ght
on chafddteriditioardt, USRTs, &N dGEhotndedr &aposdjuedices or bit-stuffing.
significance (ON, ON, OFF, OFF, OFF, = second

Furthgoinore, ghe bigintifrieckased pzecispnip foelisg dheead of the variable portion
PCT/ AU2004/ 001054 \Waen t he net hads and advant ages, are ..
also CEGAES QOTEHIVELO SIS iR S EFBITION (B Sigbur the Hked (i slices
that fb enentation is bit-oriented, synchronous, and
exploits illegal coding to denote points of
significance in the variable part. 5 This has the
advant age of providing a high [evel of tine-based
The fixed dim¢ shicasrare En@ilyngammétt@g giroplyt e coanting the fyansigted states

or it Thi 26kl N GRS Rshee Gt Becarise (Habipvi B peed to

: supp?x? qn}g? gfaé?é(ljg%t e. et é’tifr.{e‘}%’\ rt1 & %&%%L@tl&% E.feg'gmitted

r ISIon In |ngthee

duringahe peliedistrthe eéceivdban@rizkes a hi gh | evel of
precision in determning the start of the fixed tine

slices 10 that follow. The fixed tine slices are
easily transmitted,. sinply b ounting the transmtted
1t willlpgpadersigod fhat .therﬂ%wegﬁ%ﬁiv bl dBbef Ml Fofetiaiep do 3 referred
embodHERESIE Ehéjcqﬁgl‘ii}? GabidhibhOMhd hﬂﬁiiﬂgftﬁjor{somay be made within the

scope of the present invention.
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support the illegal states), and a tinmer in the case
where nothing is transmtted 15 during the period of

wae bmsweoei ved tine slice. It will be under st oorPCT/AER004/001054

t he above has been described with reference to a
preferred enbodiment and that many vari ations and

CLAmMCI fications may be nade within the scope of the

present invention. 20 33 WD 2005/015751 CLAI M5

PCT/ AU2004/ 001054 1. A data franme for use in a radio
freguency communi cati ons network, the data frane

i fefats Kamedonusain a radie Jrrquensy gemmuhicapens pétvartkbthe data
adevicelr ceiying 5.the.data fr , as.a collision o
WS I gl edaty dhaliis oG P as i bR persived bpmdevice receiving
a c A : ' to claiml

ey e FRE S Sl Aed T AEER SR Regflvfididta from
dahaterasarcel 0 3. A nethod of detecting a collision
between two transmissions in a radio frequency

networ k of devices, the nethod including; transmtting
froma first devjce first, data frane according to
crofni ramge Ageanding #héaml drvheredr thrrcestad data inatdedeginning
dat thd aaErAgcording to 15 the data frane of claim1;

and detecting a coded data sequence fromthe second

data frane while receiving the first data frane, and
recogni sing the resulting data sequence as indicating
a/cwiethaed ogdeeothdg a AoHisidroble taaenr e ontrah emidsRinia a radio

{ PRRBARe Ry orkevEori i RBIRdBgR Bgnal 1o 1 nf of m
 ntorr Rre e Ronie st SRl P HRY R el perorsipedppiaim 1
the coblansinmingCoAY &LBAAHSINR, alsécond data frame according to
the data frame of claim 1; and
detecting a coded data sequence from the second data frame while
receiving the first data frame, and recognising the resulting data sequence as

indicating a collision.

A method according to claim 3 wherein upon detecting the resulting data
sequence, transmitting a collision acknowledge signal to inform the first

device that its transmission was interrupted.

A method according to claim 4 wherein the collision acknowledge signal is

transmitted after all the data frames are received.

A method according to claim 4 wherein upon detecting the resulting data
sequence, transmitting a collision signal that is itself perceived by one or more

other devices as a collision.
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10.

11.

12.

25 transnmitted after all the data franes are received.
6. A nethod according to claim4 wherein upon

wa@lzeoti’hy the resulting data sequence, transmiT/AUZY4/801054

collision signal that is itself perceived by one or
nore other devices as a collision. 30 34 WO

2 ] . 7., A nethod acgording to
2901 T HEOR SRR L ng PO SR i

t At 2 BuBsHRRRANESMisioR JikS1Qp ot HRakviMP B FSIRSbYIsHEhal.
the collision signal. 8. Agfaggz connu#ﬁgation sysf% 2
including at | east three devices, in use, 5 the first
device transmts a first data frame according to claim
1A radie copunyBiFaben systeErncluding ak inagt threa devines, in use,

di .t | ai 1: d t.hir.d_.devi [ th
first snantgsyiretipioriandestine Feris seorins adum
data f namdiieaserenthidalia d (QBRAMI a'iﬁ@%c%ir@&%t%%é%ig 1

first data frane, and recogni ses the resultl
sagdence as indicating a collision. 9. A system
according to claim@8 wherein upon detecting the
resul t iaﬁgirdectﬁyéqeﬂ:&ceiweh éhe Hrssiandsgeered deta frames antlsiegects the

col i si,0 cknowl edge.after recejying the conpletie
5 Eedd dat S5y hwecdad ot Tramporblle Bbebriag ¢ fosta frame,
R LB AR YR sl AL PR Bollsion.
ot her devices which itself wll be perceived by the
ot her devices as a collision. 20 11. A system
adcgrstemaceerdingitorclaimheherain uipenaidiectingethiecesyltimgmequence,
recei vin tge . C IIisi.?n sign.al, ach transmt a ., .
s SRR ERS GRS BBV ik drasnmu i MR kne wied gtcs rreCelying the
QEQﬁ{pIQS\éE&Sﬁj astadrSk! i sion. 12. A transceiver for

radi o

use rn a comruni cati on systemincludi ng at | east

two 25 other transceivers, in use, a first of the

ot her transceivers transmts a first data frane

adcgystemaceerding torclaim@hehetein spoondcegiisingtthamesdting data

subse uen%}y . . .. . . C
sequence, theTeceiver transmits a collision signal to other devices which itself

will be perceived by the other devices as a collision.

A system according to claim 10 wherein the other devices, upon receiving the
collision signal, each transmit a subsequent collision signal which is perceived

by other devices as a collision.

A transceiver for use in a radio communication system including at least two
other transceivers, in use, a first of the other transceivers transmits a first data
frame according to claim 1, and the second other transceiver subsequently
transmits a second data frame according to claim 1, the transceiver, in use,
upon receiving the coded data from the second data frame while receiving the
first data frame, recognises the resulting data sequence as indicating a

collision.
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13.

14.

15..

16.

17.

18.

transmts a second data frame according to claim1,
the transceiver, in use, upon receiving the coded

walats/niyem t he second data frame whil e recei vi gI/Abz004/001054

first data frame, recogni ses the resulting data
sequence as indicating a 30 collision. 35 WO

ZO0RARA TIPS ARSI qontin o

C pitleiviihel first ARE SbooRdt dita ffidrhés el &@q%}gc&%@défe@% end of
until the transceiver detects an end of frane narker

i franfeencaker ihrthaelawhframef whichHesisheslast, at wihlidhctintel, thee

t he transcelver W || t ansm% ol l'ision
ateRssaigergwlll trangmita ¢qllisieracaew ding to claim13
wher ei n upon receiving the coded data fromthe second

data franez the.transceiver will transmt a collision
S IAgﬁahsc_emrfahcmnh% td sialh 1‘9‘%«7]9@:%&?{11581@1 rO%kiti E\g Ak Qsaed data
transceivers as a collision. 10 15. conmun I ons

pfromno citd sdcond ulnea framee, Itlmitranécreemra/mﬂytrmﬂsmﬂra&d;blﬁsmn signal
devi ces, the protocol having a frane includin a

f wihdeh WIHretsslf@@ peseeived by the othey teantsseivarssasooeallisione
slot, after the first tinme slot, for transmtting a

fi rst acknow edgenent st at e; 15 athird tine slot,

afAL V\}‘rhguéﬁfb‘?ﬁ%rhtd%l fdrat lﬁ%rraﬁﬁcﬂﬁ‘%aﬁéﬂégfﬁget%&?%qr%vices,

gement “stat e; a fourth trme
tﬁ&epﬂutbcblthavmghﬂamémdﬁdmgsm tting a collision
i ndi cation. 20 16. A conmmuni cati ons protocol according
to cl aﬁrﬁl‘itStlmﬁékélfﬂr Hﬁésmﬂttmﬁedatacknovw edgenment states
is a pos

k
ac know? élﬁ{;clg}\%ﬁﬂac &?’gﬁ‘ﬁafﬁébém fag?gntt‘i%‘séﬂﬁgng fAirsh
EEPFH% %bﬂ\%ﬁt?{?% ocol according to claim16 wherein
I'rst

acknow edgenent state is the positive
aC knowh eklige tanel sloeaftee the ecomckinpelskigfirainseditive h Second
t he negative acknow edge.
acknowledgement state; an
a fourth time slot, after the third time slot, for transmitting a collision

indication.

A communications protocol according to claim 15 wherein one of the
acknowledgement states is a positive acknowledge and the other

acknowledgement state is a negative acknowledge,
A communications protocol according to claim 16 wherein the first
acknowledgement state is the positive acknowledge and the second

acknowledgement state is the negative acknowledge.

A communications protocol according to claim 15 wherein the first time slot is

variable in length and the second and third time slots are fixed in length.
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19.

20.

21.

22.

23.

24.

18. A communi cations protocol according to claim15
wherein the first tine slot is variable in length and

wo b@sserond and third tinme slots are fixed i n Pengubno4/001054

30 36 WD 2005/ 015751 PCT/ AU2004/ 001054 19. A
comuni cations protocol according to claim18 wherein

the.pQsiti-ve. incl ud .

| PG ORPL o SRR AR LANSIGR I8 LIRS e
Syt Sl RAbe RALRASIEN it@udéd BV transmRishBnFGRHRERR dodled value
the preserice of received errors. 5 20. A

c onmtainiogtsuéfitdemntr retlaadhneac toaltbhwgt toobetezonerkbdl intthe girasence of
t he negative acknow edge transm ssion includes the

t FAREVAdIOYS- of a specific coded value containing
sufficient redundancy to allowit to be recovered in

the presence of received errors. 10 21. Aradio

C%%Biﬂhﬁﬁﬁéa‘l{bréﬁﬁgfé@o:l Q@édﬂéit:%toacléihﬁl g %}'ie\fgﬁl the negative

transmtter, an east transcei ver/ recei Vers,
whekredwletlge ttaransisgon eridluflésathertrdrispnissioang a specifidaioded value
inafirst time slot to the transceiver /receivers,
apentatningisuffigient reduadpncy 7 allow ititex e resgueredrinithe presence of
transcej ver /receivers return either a first 15
atiHoR%edg®ent state in a second tine slot, after the
first tinme slot, a second acknow edgenent state in a
third tine slot, after the second tine slot, or a

c @l fddsd esmatiionied gpstemt including aurdrivcéivee/ tsdrimitie2, arfl at
radi o communi cati ons system according to claim 21

wheastiwpo baasediverigeceierscwhedie thetransceivery anpmitger transmits

3k ST SRR tinp D LRSS, FessiNeRy AU EHEIem upon receipt
COPTYVE AR ERRDIIHELSRAR0H Sl S rEhRh B B2, Hgge! N
the Tir e t

st ackno genent state IS e positive

aglawW edgemang stafeirse savoad2imaslopaftadte fabetigeistot] Agecond
negative acknow edge. 24. A radi o communications
syckrmwledgemenhatateinca thind fmentlet, after thesdconditime giot, or a

collision acknowledgement in a fourth time slot.

A radio communications system according to claim 21 wherein one of the
acknowledgement states is a positive acknowledge and the other

acknowledgement state is a negative acknowledge.

A radio communications system according to claim 22 wherein the first
acknowledgement state is the positive acknowledge and the second

acknowledge state is the negative acknowledge.
A radio communications system according to claim 21 wherein the first time

slot is variable in length and the second and third time slots are fixed in

length.
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25.

26.

27.

28.

29.

slot is variable in length and the second and third
time slots are fixed in length. 30 37 WD 2005/ 015751

wOPLDA/MR2004/ 001054 25. A radi o conmuni cati ons BYBABIM04/001054

according to claim22 wherein upon each transceiver/
recei ver detecting a correctly coded transm ssion in

t rerf88bhMRunf haﬂ#eﬁg&ﬁ atcwﬁhﬁg Qb c15RTD Jv['\@fbgﬁ %:E\Sﬁhéach

recei ver di scar ata previ usl y Trecelve

f itrasiscdivery retadverdetettey & cansely vedéd traab@isidrein the negative
re-transnits the 5 data to each of the
t pelewlegdge/tinae slofarash tegisceiver Anseiwewdistardsdbe data prviously

use i.n conmuni ca s system i ncl udi ng

eV e B o L R A NRE e B re Sragsmits the
OUIES 1ol SRRYThY HahLEGELYSEceivdrl USe, the (ransceiver/

recel ver upon recei Vving gYa packet in a first tine

slot 10 from sai d transcel ver/transmtter, either

transmts a first acknow edgenent state in a second

t Anrassceiverdfeceiverlier fise sta rddie cofronyunicatiossystera including at

second acknow ed ement, statqe) inathirdtine slot,
af93st One, ErangcedvRr/Trapamittes andat leppt-onapther frapsqaivesi/seceiver,

0 fte
© Y DG AR B G Gty PHb g Ttaie Bpokef g s Bime slot
AR GAiAGrdsceivat MrdSs iR Séithdrtearsh@Rss ﬁké’cearcknowled lgement
receiver further receives the first acknow edgenent
sstatein msedondstmestbty afer thiedirst timmsldthEraatmite asiecomd

ot her t{S nscei ver/ receiver or rece| ves the second
&ﬁw emeRt steteine third Hane sipt @fter fae sgcenditimersiogeor

/
ot S RGP SR 8Pt o
opgr®timid'§ot.acknow edgenent states is a positive

acknow edge and the other acknow edgenent states is a
negati ve acknow edge.

A transceiver /receiver according to claim 26 wherein the transceiver/receiver
further receives the first acknowledgement state in the second time slot from
the at least one other transceiver/receiver or receives the second
acknowledgement state in the third time slot from the at least one other

transceiver/receiver.

A transceiver/receiver according to claim 27 wherein one of the
acknowledgement states is a positive acknowledge and the other

acknowledgement states is a negative acknowledge.
A transceiver/receiver according to claim 28 wherein the first

acknowledgement state is the positive acknowledge and the second

acknowledgement state is the negative acknowledge.
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30.

31.

32.

33.

34.

29. A transceiver/ receiver according to claim?28
wherein the first acknow edgenent state is the

w@omsnirer acknow edge and the second acknow eRIgEABNN04/001054

state is the negative acknow edge. 38 WD 2005/ 015751

PCT/ AU2004/ 001054 30. A transceiver/ receiver

a | 9 . . .
e s Solt AL B DR A BER WBpReceiving a

t megatie¢ uekrowledige éram thdet leastansc@thee trah&G€érY/Eceivers, the
di scards the data_packet received in the first tine

s tepnscgivery/ regeivendiseards dhe detagpraliet reneiviest inuthe first time slot.
comuni cations systemincluding at |east one other
transcei ver/receiver, wherein in use, the transceiver/

t i ] 2 i . i t. .
AT ORI Bl s

r éest RS othdritinsaeiivef Alecaioky WhadBeInSts hd N @ second
time slot, after the first tinme slot fromone or nore

otraniseeiver /tramssutier tragsméts @i deda packetdpiafixst Hinseslont the at
acknow edgenent state in third tjnme slot after the
S

hane RSVt /Feiy grndatecsiyes eibhey ¢ first acknowledge state in a

t Lverfecel Ver S. . T ' collisio

c R e L B Tirs b S AR e okt liheer ¢ e

t Blahelcdivere / fdcelvers, 10fRi08La ScoRBIRkAbWIAEzerhERRERIM & third
| receivers. 15 32. A transceiver/ transmtter

atiowr dphafterdthelsacon B tinvhdoefromomee off midre of the

acknow. edgenent states is a positive acknow edge and

t HAMEIGHEST/ TeREkYRIT TJGERIVRS 2 sPRISIoN acknaydgdgement state in a

a%ﬂﬁ%iﬁgeg ot gllge : m‘eég‘irtdrtﬂﬂg gleoitv péllﬁl (‘él’réeggli's alotﬁé %Ethe

according to clai wherein u

nagabdereeraekepvdredge, the transceiver/ transmtter
retransmts the data to the at |east one transceiver

receivers. 34. A comunications protocol for use in a
rgsltirro fr,e%u ncy network of devices, 25 the protocol
hAVI A CSIVIEr ATRNSTREIGTACRYIHNE ite shaim;HavBersin ppe of the

R At P

acknowledgement state is a negative acknowledge.

A transceiver/transmitter according to claim 32 wherein upon receiving a
negative acknowledge, the transceiver/transmitter retransmits the data to the

at least one transceiver receivers.

A communications protocol for use in a radio frequency network of devices,
the protocol having a frame including a first time slot for transmitting data, a
second time slot, after the first time slot, for indicating a repeat flag, and a
third time slot, after the second time slot, for retransmitting the data
transmitted in the first time slot and a fourth time slot, after the third time slot
for allowing acknowledgement of a collision between two or more

transmissions.
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third tinme slot, after the second tinme slot, for
retransmtting the data transmtted in the first tine

wae b/t a fourth tinme slot, after the third pCTBU2004/001054

35.

36.

37.

38.

39.

40.

41].

slot, for allow ng acknow edgenent of a collision
between two or nore 30 transm ssions. 39 WO

200845 T AR IR TN e o

slisdivideddiid dede sub-eimidgles. sub-tine slots. 36. A

comuni cations protocol according to claim35 wherein

one sub-tine slot is 5 for indicating a positive

acknow edge, .anot her sub-ti sl o]t s for indicating a )
neg&m;%ug@ﬂﬁew BERfECAfgcorHng daglaimmy whetein pee subttime slot is

L‘;f?g\g{ec%lk%l\%llg %fﬁoﬁ%}x}ee%%kng%tl&géé, gﬂoﬁ’feg %ug%rlnle %io? " for indicating a

ansm ons.
C QB FilE ALk AOW 1Rt R0t e 36 ARIHNB bl d] 6PiS For ARG g the
the Tirst sub-ti 10 slot is the positive

acletesticadgfey caollisiondmtwders tilvotarmrosd toandrsistioasnegat i ve
acknow edge, and the third sub-tinme slot is the
collision indicator. 38. A communi cations protocol

according to.claim.34 wherej.n the first and.thir .

¢ g0l 8ighdtedie WORE e bo Ry wBoieim the By sub-time
SFANH ted!BoditivR askRbwlcdpe, thbXekd b1 i
comuni ca ?olnls gr ot ocol rggcg%%g?%%&tggbgrg?%%i}t\ﬁég}e&éﬁve
t lrekpowidd gee and cke thik @ dale-time blod éssthehelligiem sndissiopn of
a specific coded value containing sufficient

redundancy to allow it to be recovered in the presence
' ocol

o EF P g G S840 it FR B gAY b@fein BRRRE nd third
agkReVRIgR vAEbIe ﬁf’leh@ﬁn Béﬁﬁﬁﬂi?s?iaﬂﬁ ds%&o an§8§-‘finf1é ]Io(’c)sW are

coded val ue contalning” sufficient re cy to a

| tfixed ihdemghovered in the presence of received 25
errors. 41. A conmunications protocol according to
claim 37 wherein the collision indicator includes the

transm ssi.on.of a eGgi fic ,coded val containing ..

s ¢F PR ICH A ARESP ec ] tlafty Sevherety hegtsitive

t ReKRERREIPeSinCludes Béd MaHsmission of a specific coded value containing
sufficient redundancy to allow it to be recovered in the presence of received

errors.

A communications protocol according to claim 37 wherein the negative
acknowledge includes the transmission of a specific coded value containing
sufficient redundancy to allow it to be recovered in the presence of received

errors.

A communications protocol according to claim 37 wherein the collision
indicator includes the transmission of a specific coded value containing
sufficient redundancy to allow it to be recovered in the presence of received

errors.
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42.

43.

44.

45.

46.

30 errors. 40 WO 2005/ 015751 PCT/ AU2004/ 001054 42. A
radi o communi cation systemincluding a first

WO ean®cesver, a second transceiver and a repeBtBEADU200ME01054

first and second transcei vers being separated from

each other by a distance greater than at |east one of
 heLra: . : . s o
o K L OBy Bl AU s B, p Byt

S e£0ReeivERNSE RirvPEdter, Whe fiedtAindRRaoh @ ERinktdige 88 cing 5@FArated
one of either the first or second transceivers, in a

f ifragn enchrether by, a distancegreater thareatdradtoneaftheie abspective
flag.in a second tine slot, and then in_a third tine

s RAXIPYUR dransaussian rapges, and the epeaterdeing lacgted: ingermediate

sl . [ j N stem acgording to

o8 frsh3ridberhd BRRSciOOE WhERlih bol B EREIRUPR O of

t efRgFiHe filsPoRsd@utitParidcBreBd, 9 a (At RGERIN UGB er Mansmits
collision indication, indicating the successful “or

ungepeassflag im ececqtd timetdiet, addtther iraa shird tiede slot ttagsmits the
third time slot. 15 44. A radi o comruni cati ons system

afath racgiyeddnhe figstAGmesktei n the first and second
transceivers transmt a positive acknow edge in a

first of three sub- tine slots of the fourth tine

S lp0tadi8 otrrRitiFhtioR sPREAL ABrARENE MAH0D WhefeinIRE B and
of three sub-time slots of the fourth tine slot, or

t benuswi tramscedielrs triansmiti, irda é@urith tinhdslat, talhi dctnoiviédigement or
three sub-tinme slots of the fourth tinme slot. 20 45. A

r sellisionondigation: inslicating the sweeesstitliny unsucgesstul g4ceipt of the

Aol o iR bR T ERRl <(atuc Tor the repeat oc

transm ssion. 25 46. A repeater for use in a radio

communi cation systemincluding at | east two

t Aansiie comnsunitiigorat sylsean tactovaling enslagh vgveh&eirmhe first and
separated fromeach other by a distance greater than
apeqopgltransieaivers frABSInEFpResitive acknaveledgeiing firahefcdired sub-

t t bei di d . int digte t {
Bl B PEREHER BR3P b ReReliEs ot ikiac ima
??édohﬁtoftthf@% sURfimelMSts ' RRAFRIrt HARSILE r Bran€REAL collision

ag in a
indication in a third of the three sub-time slots of the fourth time slot.

A radio communication system according to claim 44 wherein in a fifth time
slot, the repeater transmits to all transceivers an overall status for the repeated

transmission.

A repeater for use in a radio communication system including at least two
transceivers, the at least two transceivers being separated from each other by a
distance greater than at least one of the respective transmitting ranges, in use,
the repeater being disposed intermediate the at least two transceivers wherein
upon receiving data in a first time slot, the repeater transmits a repeat flag in a

second time slot, transmits in a third time slot, the data received in the first
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47.

48.

49.

50.

51.

30 second tinme slot, transmts in athird tine slot,
the data received in the first 41 WO 2005/ 015751

wEODsMRO04/ 001054 tinme slot, and then transmnm PET/AUDNO001054

fourth tinme slot, a collision acknow edge, if a

col l'ision has occurred between two or nore

tr.ansni ssi . 47. A.transceiver. for. use in.a radio .

HRRAPE 2rAdhen Senamitendl adriy s ek ooieiSa 2Ekheledge, i
{ B2BARRY Rs Alhred BROAEwd Gk éRInshugond the at

| east one ot her transcel ver being separate rom each

ot her by a distance greater than at | east one of

their respective transmtting ranges, in use, the

r éptranseivsifayusk porasto communisdtian system inchudiogiab dgast one

and the at |east one other transceiver, %@erﬁin upon

r eEErTangee VP pRA R TEPERICF tBfIRECq ik he qtleqsione other

S ﬁ%ﬁg&ﬁél{ﬁqiﬁé %%pc%xlana%l frlnt ERRSGREY g%#?tgﬁyg%efa‘t’éﬁtﬂ% at least

action unti transcerver receiv

r RE B Eeir tedpactive freinétmiveing|rahged)ah 8sé, IRE réfsater being disposed
originally transmtted by the at |east one other

t irtagediate thentrandceiver andrtbe st last (e other ttamsedven avherein
tinme slot.. 48. A trﬁns ei ver according.to claim47
WHBPBITRCaIWIg 3 HRcabflog froam she HiReatenimthe second time slot, the
a‘f‘#éﬂ%n‘?&gs Bhad Akt ntl.gﬁéﬁﬂg (’Er%igzéﬂr?r?feaeives {rl,(])m the
unsuccessful *recel pt of the data transmited in the

t Pégféﬂntéﬂ, {fPa $hiPl tinf¥ sloh 128 EWHLVRAK Srifinally ¢RAshEitted by the at
occurring bet ween two or nore transm sSions. 49.

t leanome vHher drusrelvegin aficdtdime 4ot \redore thetsheond time slot.
transcei ver transnmits a 20 positive acknowl edge in a
first of three sub-tinme slots of the fourth tinme slot,

or, transmts 2 L Ve i con f .

Oy GBARE o BP0 U AR UL EHP e PR g

t &R fedl gBriedl it in 2 B8RO0 drursulcbedsfli1GbcdiPt 6€the data
sub- tinme slots of the fourth tine slot. 25 50. A

t transoéftecd in decthidi tigetstote bathe d@unterceiochaicollsidn btdurring
time slot, the repeater wll transmt to all

t babyeeesy tyee or BIPTEVEANSIISHOBY us for the repeat ed

transm ssion. 51. A radi o comuni cation system

including at least a first transceiver, a second

t MORSRIHRIr 2RB6kdEng BPERIAMS WRErelh i trihRBReR IR IsnAR
t he second transceifver 30 being separated by a

dpstitiveacknewledge inanfisst whitinee subtame siotsobtherfandgh tihe slot,
at | east one of the transceivers, the repeater bei n?
dPE Fagsrnits i regative ackneyiedge in a second of three sub-time slots of the

fourth time slot, or transmits a collision acknowledge in a third of three sub-

time slots of the fourth time slot.

A transceiver according to claim 49 wherein in a fifth time slot, the repeater

will transmit to all transceivers an overall status for the repeated transmission.

A radio communication system including at least a first transceiver, a second
transceiver and a repeater, the first transceiver and the second transceiver
being separated by a distance greater than a maximum transmission range of

at least one of the transceivers, the repeater being disposed intermediate the
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52.

53.

54.

55.

56.

42 WD 2005/ 015751 PCT/ AU2004/ 001054 first and second
transcei vers, such that upon receipt of a data

wo e@sdni7ssi on fromthe first transcei ver, thePCPAB21081001054

re-transmts the data transm ssion from the first
transcei ver, wherein, upon receipt of a data

transm.ssi Qn . f ; 0 i.ver for ad
BRGS0 SRR 0k, RAEA LPBRIERUPLr P Pl Fafssion

f Eioh thd ARS $RINLESiver, ke FRARIGE-tHARASH {2 datd¥ahsmission from
sequence Instructing each transceiver to ignore the

t elenfirst smineceiver, pvlageirs spob Zecelpt afth dataotransmissiondnom the
system according to claim51 wherein_respective o
t pegend tsanssatyesbefare the Fepealgideapemitsthe datetronsmisgion from

R O AE g S 438 AR e
! LARSEBivSY t%fignef/eeﬂhleac%%%ibéioﬁ 'uRf?éo%%ss.A radi o

communi cat 1 ol system accordi ng alm 52 wherein the
data sequence transmtted by the repeater begins wth
a sequence coded such as to 15 be perceived as a )

c &l 14 spmmniamicaider Pysemmpecarding ép ¢laig dllewiherein 3aspestive

SRR B L2, P ATER SR RS B pasenc
F ER&E] Slich m%ﬁ&gbma il éolléé’fBR ‘i’)'ryai &éx)’iaé F&RRThE thd he
sane sequence C ed so as to be percelrved as a

C Blahksiligsioryoverl; dvuhngm@0 devi ce, once only, and
then ignore further received information until the end
of the transm ssion. 55. A radi o comruni cation system

S5CSLEh DRk U LSBT0 R Sl i
AR A5 O LB 08B chae s s

abK ?@Me@@@ﬁﬁ@m toltibionl Wheh Gecefvedibly @ reediviig da@ticen

system according to clai m55 wherein upon a

transm tting device finding either an acknow edgenent
30 or,.finds, no w.edgenent

& 0 COfTIaRUOR PTG 2RS0T BB P Kl et ay PERn @hon receiving
fﬁ{é 8Qtaggﬁg%§ce%5ﬁ%%'rgﬁea{tgr, GRE AlcelVet il iMBliately transmit

ransm ssi
the same sequence coded so as to be perceived as a collision by a receiving

device, once only, and then ignore further received information until the end

of the transmission.

A radio communication system according to claim 54 wherein when the end
of the transmission is reached, receiving devices will transmit an
acknowledgement indicating that a collision was detected or will not transmit

any acknowledgement at all.

A radio communication system according to claim 55 wherein upon a
transmitting device finding either an acknowledgement indicating a collision,
or finds no acknowledgement at all, the transmitting device will delay for a

period before attempting to repeat its original transmission.
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WD 2005/ 015751 PCT/ AU2004/ 001054 57. A radio
comruni cati on system according to claimb56 wherein the

waledoapis7peri od i s cal cul ated by each transcei VBCT/AU2004/001054

sel ecting a random nunber and scaling the random
nunber according to the nunber of bits inits
respective 5 transm ssion. 58. A radi o conmunicati on
system according to claimb57 wherein if subsequent

t EAbm SShuRithiibe §¥s9céliﬂ dccbfihb 48 claim 56 wherein the delay
subsequent | y-cal cul ated del ay periods are increased.

1ge£1'8d idcaladiacecbyreach trahs@iveryseleetingeoandiongntimbelr ainid
58 wherein after a _predeterm ned nunber of )
uscalingetbefrande aumber agaeedingdiodhe svwmbrrfthitsrin itsyrespestive
ceases .further transm ssion attenpts. 15 60. A radio

c RS on syst em according to clai m59 wherein

after ceasing further transm ssion attenpts, the

radi o communi cati on systemalerts an operator to the

f actadid @bminhutiestice apeemf avcbhdihglto abism S5wheareid 6f idbsequent
transmission retries still collide, subsequently-calculated delay periods are

increased.

A radio communication system according to claim 58 wherein after a
predetermined number of unsuccessful re-tries, the radio communication

system ceases further transmission attempts.
A radio communication system according to claim 59 wherein after ceasing

further transmission attempts, the radio communication system alerts an

operator to the fact that it has ceased further transmission.
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