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WD 2005/ 015811 PCT/ AU2004/ 001053 RADI O NETWORK
COVMUNI CATI ON SYSTEM AND PROTOCOL 5 TECHNI CAL FI ELD
wabeos/oissvention relates to a network of devi ceBCTAUZI4/001053
conmuni cate with each other via radio frequency.
BACKGROUND OF THE | NVENTI ON 10 A network of devices
can be created by arranging a group of devices which
can conmunicate with each other via radio frequency
(RF) neans to transmt data between the devices.
Provi ded that each of the devices is within the range
of RAI§IO R WIRK EAICRPIORMB T8IV PRUTESCOL
each device can effectively comunicate w th each
ot her device in the network. 15 In many such networks,
the devices may all be transceivers, ie are each
TECHMNS&AeFBLDbot h transmitting and receiving. For the
. purpose of transferring i.tem of data, ope deyice
This G AA e PEPHRTO L Jeri 1 s Qe R Goheith cach other
via rglgi\(/)if?g@e%&' predonminantly as recei vers. 20 The
present invention is to be used in a "point to
mul ti poi nt" system as opposed to a "point to point"
system i n which comuni cati ons occur between only two
BACHSROENROF FHE INEVENTI®ONoi nt to nul ti poi nt
communj cat.i on system conmmuni cations occuy  betweep one
A nefiorice! dHCesTThe SHSRIEANY AHENBIBE SRBAR @ldevises wich can
n Lk .25 si oust j " pai.nt _t .
comiEIS iR DT e grbio R fue B pmis fore

betwekbn #he 86@t&H PRINGEK tilehdb bEthelddvicdsSs viviahi tABlrnge of the
which is known to all of the devices in the netvvo%k.

maxiroumecoampluajcaitions mengieof eachwdavicee, eaclclavige camh effectivedy
of the shared 30 network_ variable, it nust transmt a
commygifase wakeask qfher device i theretwiorkdevi ces  recei ve
and process the updated variable simultaneously. If
t he updat e cannot be

In many such networks, the devices may all be transceivers, ie are each capable of
both transmitting and receiving. For the purpose of transferring an item of data, one
device acts predominantly as a transmitter while other devices act predominantly as

receivers.

The present invention is to be used in a “point to multipoint” system as opposed to a

“point to point” system in which communications occur between only two devices at

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
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1 WO 2005/015811 PCT/ AU2004/ 001053 nade
si mul taneously, or not all other devices in the
WO edod0181r ecei ve the update, then the networ kp@DaB2000001053

have a shared network variabl e. Shared network

vari ables allow the creation of a network which has no

central 5 controller. Al of the essential data about

the operation and control of the network is known by

each device in the network sinultaneously. The data
madecsimubanepuslyedr hgt alhothed eleiviges im théeetmairkoekeive thewpdate, then

time apd all ot her_ devjces are guaranteed to update
the netyyqrk £04 baye @ishgres netyy a‘ﬁ%&%iet he control of

devices within the network to be sinplified, nore

flexible, and | ess costly when conpared w th networks
SharddaYdtirR vhPiabRBtRWw BREre bR of a NedvBE FHEHTRANHE 8éh @Al

action between each of the devices is herein referred
controlleasAH of Theessantialodnta Abdubtieagpération@ndreonbel we the metwork is

device (transceiver/transmtier) which transmts data

knowngbypechodevige i thenptwerly sanultanequsty sThe datiecapdieupdated by

T ' I 15 jncl f h
any GEVRRIREHG 8PP e, B0 LT B S0 cot P b difntsert tg update
their 8ita #@bHiRg]Y. TIE8aloRisIAE cBhtrbh6r AABECRIUES he RARIVHRo be

evices Intthe network. In this context, a device
simplified, mbre flexibley and Tesaresity wdren domapameidtwith metstatks having a
be shared throughout the network is referred to as a
centrakqonepdlerver/ transnitter” while a device which
receives that data within the Transaction, is returned
to as a 20 transceiver/receiver. It will be understood

A smg%ﬂﬂnﬁﬂﬁ&tfo@\%&me}%@@ﬁ 3a¢H 8Pthed iR s herein referred to as a
ranscei ver/ receiver may also transmt an acknow edge

Transacgonal A Trarishetioreatcurd batvsaat a dayict lfizahscainge gtraasmitter) which
recei ver may becone the transceiver/transmtter. \Wen,
transpitgrelate t@ PRY OF NQFEtEANSRRIN eBrTeCceiv arssfdhe daty. [ Hee T ramsaction also

. i myl t anepusl | so kno as a proadcast .or .
includes 471G 280 Hopy U1 B Eaecr D ohr W G SAT I ransmitter as
well %srt%rb%%ﬁ'o‘fﬁéxf of tRE EFHBESVEAMBSYECESALLY infhe $eBV¥AE Inthis
ata. If even one transceiver/ receiver has not
contest)aodsdéavihich feaai gieen Thensdation(transmitathy datheo beshandid
a bit error causing data corruption in one
throughgns the netwarkdse rqufr)egi tpRea “dransegeiper/ transmitter” while a device

which receives that data within the Transaction, is returned to as a
transceiver/receiver. It will be understood that within the same Transaction, a given
transceiver/receiver may also transmit an acknowledge signal. In the next
Transaction, the transceiver/receiver may become the transceiver/transmitter.
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.
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transcei ver/ receivers nmust be infornmed that not all
of the other transceiver/ receivers have successfully
wOo emeioyedl t he data. 30 2 WO 2005/ 015811 PCT/AU2004/001053
PCT/ AU2004/ 001053 Such networks can al so optionally
use a transm ssion systemw th dom nant and inferior
bits. This nmeans that if there is a conflict, and two
devi ces sinultaneously transmt a dom nant and
inferior bit, then when nonitoring the comuni cation
Suchmedivonks esarcélsd eptioaally luse sdmrtsiressionsgsteasivith démirent and
) dom nant bit. The device 5 transmtting the inferior
inferigirtbiten ks means thatribthezs ineeeniiick and) twa davigecsmultaneously

a5 BEL AR BB I Fen P AR -l tion
med TN VERh IRV e WAl e the tRRIsHisGOAPY MEAL PRkt 1t OFIY deviRe

general procedure is to 10 have each device transmt
transaflitiek Hwirdeiger Isit khenwsrthatihieee hasibeaf & eonfliet ah@iantake

the data. This has the drawback that the transmtting
what¢uer egsionistappropriateadiarexample, thisgany sreandbejcgpsagion of all

devi ces .within the network, and how to contact each of
furthep, Iransmiggionsy| j apl e transfer of the same piece of data

to nultiple receiving devices requires many
transm ssions of the sane data, and a correspondi ng

In conbhitibmdl praahtolSoiht anmmssitation prétecelekngehadiptbcedite is to
repetitive transm ssion of the same data to nmany
havereach glewinedranssié anaknewiidgetstaterand gpanetinog aftgereceipt of the

c ni cati.on iym, . This approach .also requires the
data. TP AP BaEK B3 theraos BRBige ey SRt Blawiggety the
. 0 a
rum B S oL 855 Qe BN SRR LRl cagh fthem.
The ®iabRAraifv0sfitheaair@ipiece af dithao expleipderereiving deeieakdquires

conpl exity and 20 poor use of the avail able bandw dth
many trankeissiensefi thasaoe dasali and a pprrespendinglwaibfgraiagh t o

mul ti poi nt transm ssiopn can be.used to. transfer data
transyyssigh o D aekRPWiREect ThF FERRBIL FangipisHtoi oLy same data to
manf fEARNRAIREL AR AR BAAER Aol NiRie EBRART G Afidum. This
approfditalse rélpiiessthe@ransmitter to obtain and store data about exactly which
receiving devices are to accept a given transmission. This approach allows the

creation of a shared network variable, at the expense of unnecessary complexity and

poor use of the available bandwidth of the communication medium.

Alternatively a point to multipoint transmission can be used to transfer data to many
recipients simultaneously, without any acknowledgment being returned. This
renders the data transfer unreliable, and the transmitter will not be able to determine
whether all of the receiving devices have successfully received the data. Unreliable

transfer of data means that a shared network variable cannot be created.

In such systems it is also necessary to be able to accurately determine a time or point
in a data transmission where the type of data changes (for example a change from a

control data transmission timeslot to an acknowledge timeslot).

3
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25 whether all of the receiving devices have
successfully received the data. Unreliable transfer
wobtidatsineans that a shared network vari abl e PenATGR00BO01053
created. -In such systens it is also necessary to be
able to accurately determne a tinme or point in a
data transm ssion where the type of data changes (for
exanpl e a change froma 30 control data transm ssion
timeslot to an acknow edge tinmeslot). 3 WO 2005/015811
ManyPwellAiRH0d cOfiNagdichioy prelocolsrrensparronouabndcharacter based.
protocol s are asynchronous and character based. The
The bgetsexagyplaps the widelg uapd segial RAELARBAPORS/ El A- 232
port. Such protocols can be used, with difficulty, to
transmt varying and fixed tinme 5 portions. However,
oG i ¢ . Lo - .
Such plofoBol TR HAed; Bt s Ry e R Tied ime
portidies; ey eevéf, ansiripogtant dhatWUAR By drenvas Inteifacaedpbaent
timng and del af/ characteristics, and that those
(referedrhtamas @ Undvernsal Asymdhronpus Beceivier Trasmatteror 8] ABRYy have well

cons B S B Yo SRR o B LS S i
e FLELREI 7 SRR il L PR FRracer

gap tEEuld beRatdseiophed) becd e it Would aidantthat BEfdrexedetitéEwould
slots. Character based protocols should be able to

fix differeny tiangs fonftloe sane griticalgreinhathéretwouldt mot herrecommon time

desi gn@_f ed ch rac}.er Si ze.1 This conflicts with the
referencg do% ety ixed HIg3lots si gnal |ing i nport ant

points in the transm ssion, especially the end of the
variable portion. This conflict arises because in the

Char4diér Bzl pro@scots sHoul@belable @ @ref ahyenfoeiatidftiRms tadds into
to take on a special neaning in order to signal the

the désigmated chaprstertsize. THhis comflivts witht the need e diasik some means of
haracter cannot be, used far .data. T'hﬁ conbi ne

signaﬁmm%fe@mafs rfbe dyeHrdtrsPerialy dhernd 2 variable
porti(ﬁl{.oﬁq% %riﬁs%zs Mgd’a)ﬁtsg h{ ﬁ{ecéﬂatr?étgr g%se%}?rvc\)e\f\gcﬁﬂ,as%lﬁé 6?6’[6

m_slrealons_pls_obema!nalne _ _
chara¥®@is ABéE ta kel drX@sbedidlTRe AN iR Brdéisrloéﬁi%ﬂ'l nAé iniPottant Point.
consi der the protocol as a streamof bits, organised
This fnpaws that the special character cannot be used for data. The combined
disadvantages of the asynchronous character-based protocol make it very difficult to
use when a fixed time relationship is to be maintained between a variable and fixed

time portion.

An alternative is to consider the protocol as a stream of bits, organised into
characters by grouping (in other words, overlaying the character structure back over
the bit stream). Each character can be inspected to see if it is significant or not. When
a data item is to be transmitted which looks the same as a significant character, extra
bits can be inserted to change it. The receiving device recognises the patterns of extra
bits, and removes them, restoring the original character. By performing the
recognition of the special characters at the correct point in the decoding path, both

data and special characters can be separated. This is known as a bit-stuffing, and is

4
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characters by grouping (in other words, overlaying the
character structure back over 25 the bit strean). Each
wa@basaciser can be inspected to see if it is sipoi/AUzZE@M01053

or not. When a data itemis to be transmtted which

| ooks the sanme as a significant character, extra bits

can be inserted to change it. The receiving device

recogni ses the patterns of extra bits, and renoves

them restoring the original character. By performng
widelyhasedrogritbéals liké HDECs Bitbtifficg hoactver caatbet doenplicated and

correct point in the decoding path, both 30 data and
Prociﬁéﬁlgl@lte%‘éﬁ‘acters can be separated. This is known as

1tis S aipcgtidhs socsal ivention HRGVId evaaband Prafecakipt
imprBhrigSihd bl uRABYRE beﬁ@@erpﬁe\ﬁ%%' 4PRE g)o?ﬂlgto multipoint

processi ng I ntensive. is an object o pres

comrmesatiofs syedr ovi de a system and protocol for
i mproving the communi cations between devices in an RF
point to multipoint 5 conmmunications system SUMVARY

| ding to a first aspect of the
SUM%&?@%%%%%% is provided a comunications

Acco El %#%q fufsgas;#&gﬁg ﬂ}%}é{@%@gﬂ Iofggc‘tlﬁbtﬁ.f rbt}f‘de[a;:?t ocol

comlhﬁﬂﬂ:%ﬁbhé phgtotalt far uBe $12 6 lebwbIBf dévites, dhd V\ffotbbkﬁ Haviiisg a
time slot, for transmtting a first ackno edgnent

frame mtledlmﬁest time slot forctransnitting diats, atdecond tioraislot, ntéter the

o S A BRI o
after QH{ V\}ﬁa Jﬁ'ﬁg Q{?}‘M 1%‘i1 Qleansfmﬂlﬁ g s? ‘flglrﬁjc d%ement state.
ackno [

edgnment state I's a ve ac
Preferably, the first tine sI ot is vari abI e in length
and the second and third tine slots are fixed in
Prefelr@bllgt the fiistadmayv led gitent stade id o positike avkeelyedgecand e second
ransm ssi.on of .a sgg]clzl fjc coded val ue containing

ackng ?ﬁf#&}?%?ﬁst?f@d%a‘gﬁeg}"% Bf- to be recovered 20

in the presence of received errors. Simlarly the
negative acknow edge includes the transm ssion of a

Prefetiglﬁg: fhg\c/:fvnlcs?eﬁtigé slet e aedbleainlengthsatid tid Sbnd @AdH@adCme slots
are fixed in length. Preferably, the positive acknowledge includes the transmission
of a specific coded value containing sufficient redundancy to allow it to be recovered
in the presence of received errors. Similarly 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.

According to a second aspect of the present invention, there is provided a radio
communications system including a transceiver/transmitter and at least two
transceiver /receivers, wherein the transceiver/transmitter transmits data in a first
time slot to the transceiver/receivers, and wherein upon receipt of data, each of
transceiver /receivers returns either a first acknowledgement state in a second time
slot, after the first time slot, or a second acknowledgement state in a third time slot

after the second time slot.
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be recovered in the presence of received errors.
According to a second aspect of the present invention,

WO b@s®138$1 provi ded a radi o 25 conmuni cati ons BEEAE2004/001053
including a transceiver/ transmtter and at |east two
transcei ver/receivers, wherein the transceiver/
transmtter transmts data in a first tine slot to
the transceiver/receivers, and wherein upon receipt of
data, each of transceiver/ receivers returns either a
first acknow edgenent state in a second tine slot,
after the first tine slot, or a second acknow edgenent

Prefegably etherfirst acknoaviedgmest state B( pesitive apknaseledge, andrthe second
slot, 5 WD 2005/015811 PCT/ AU2Q04/ 001053 Preferably,
aCkn?W&dﬁW%‘Tt IR AdMNEEYRER ECC Ligggg' a positive
acknow edge, and the second acknow edgnent state is a
negati ve acknow edge. 5 Preferably, the first tine
Prefesdtilyy, the fitsf tifel stot i6 vaeiabldindedgthends geaiedord dnllthird time slots
tine slots are fixed in length. Preferably, upon each
are fikedirslemigbler / recei ver detecting a correctly coded
transmi ssion in the negative acknow edge tine sl ot,
each transceiver/ receiver discards the data 10
[ ece] ' [ [ t eal
Prefefif Q5 dad PHRNER e PredcBier debecting Fech ity MR Phorpssion
in thheddifrel RS AL (ifrRGRHY BAch trABSRIvlrNEeceRed didtakds the data
aspect of the present invention, there is provided a
previbuslysreeeived in tlee fist éimé slot,iael the transaeliver / transmitter retransmits
conmmuni cations system,ncluding at |east one 15
the datfafecaghoé the trrRHRERTaTY EeClYfAS ot | east one ot her
transcei ver/receiver, in use, the transceiver/
receiver upon receiving a data packet in a first tine
Accoﬁiiﬁg th aORlir dt {sPREICSH the frbded ST dritRin, tiRdrbhieprdvidsgi ts a
first acknow edgnment Sstate in a second tinme slot,
transediver/ retevér fostuse ime radlist conomunicatiomistsystensiwcbuding at least one
acknow edgnent statgain a third tinme slot, after thﬁ
transei¥eydranshptier and ablpast gpe PHIRT JransrAIVET/JREIEEY &7 pise, the

transécsg?g/rgéeiirw ﬁ{&‘&’i ré'c%f\ﬁhg %Sdattlé] ‘f:)af:f.(étsih a%PﬁMeesqgm&tn

transceiver/transmitter, either transmits a first acknowledgment state in a second
time slot, after the first time slot, or transmits a second acknowledgment state in a

third time slot, after the second time slot.

Preferably, the transceiver/receiver further receives the first acknowledgment state
in the second time slot from the at least one other transceiver/receiver in the
communication system or receives the second acknowledgment state in the third
time slot from the at least one other transceiver/receiver in the communication

system.

Preferably, the first acknowledgment state is a positive acknowledge, and the second

acknowledgment state is a negative acknowledge.
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in the second tine slot fromthe at |east one other
transcei ver/ receiver in the communication system or
wOo ewsiovissl t he second acknow edgnent state in ther/Ab2o0d001053
time slot fromthe at |east one other transceiver/
receiver in the communication 25 system Preferably,
the first acknowl edgnent state is a positive
acknow edge, and the second acknow edgnment state is a
negati ve acknow edge. 6 WO 2005/015811
Uporpcmemag @4193R1i98 acgp@wlqd@@efmmrtbe at leaghone ether
EW ef omthe atr\/least one other transceiver
transf FUER TEERVe 1Be FTaRSea EFTY SFC Y AU GREFS dhe dafRdackpbregsived in
celved in the first tine slot. 5 According
theﬁ?aﬁhﬁ%odgth aspect of the present invention, there is
provided a transceiver/ transmtter for use in a
comuni cations systemincluding at | east one other
Accordingstoeai foarth aspeet ofthe prbsardiinvéntiars ¢herelie providedeai ver
/transmtter transn1ts a data packet in a first tine
transgeiyer figansgpaitter fprause ingheompupueations sy stesr drckedingat least one

othe1r t‘la‘&%c%ﬁﬁetr / ?éc%{ll% xtehgfefﬁ ?&% ?ﬁ%\'{crgggfe@érg&ﬁeaé\hguésrs %Pnsmlts a

data PREEt G alfliSt HifRNIGIROURE At I&Qﬁbﬂ@frﬁnﬁeﬁ&??éééﬁser%nd receives
second acknow edgnent state in a third tinme sl ot

eithenhfirst ddkaosdedgastatenim sserpnirtone alot) afeetthofizstatime Bidbt from one
tr ansiiel ver/ receivers. According to a fifth aspect of
or meueLtihg EANBCRINGR/ TEFRIReISOrdpeeives Heespndarknawiedgmentsiate in a

third ]tlmg ?fo\@%'{:tléf ’t}{]ecée%ghcq Yirf glo@? t eIayleera/st (t)I{iFg nf?]tgf&t ter and at

ranscel vers rece

transgéﬁgle/pee@%ﬁg data to be shar ed by the at Ieast t wo
transcei ver/ receivers, the nethod including:

Transm tting fromthe transceiver/ transmtter, the
f%e at |least two transceiver/ receivers; 20
Accoubag tGﬁ‘s R asReqh of the present lﬁgenh@ndé\@@e wtpravideskista wireless

netwls bty Fheaf TRkl (R she UEFE o8 Fonncpireps/ receivers,

a method of disseminating data to be shared by the at least two
transceiver /receivers, the method including:

Transmitting from the transceiver/transmitter, the data to the at least two
transceiver/receivers;

Upon unsuccessfully receiving the data at at least one of the at least two
transceiver/receivers, transmitting negative acknowledge data to indicate
unsuccessful receipt of the data;

Retransmitting the data from the transceiver/transmitter; and

Replacing the data received by the plurality of transceiver/ receivers with the

retransmitted data.

According to a sixth aspect of the present invention, there is provided a method of
providing a marker in a data time frame, the method including:
encoding data bits at a particular point in a data sequence to provide states;

generating a state combination that is an illegal combination;

7
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unsuccessful receipt of the data; Retransmtting the
data fromthe transceiver/ transmtter; and Repl acing
wo bmsdetsal recei ved by the plurality of transceP@BAD2004/001053
receivers with the 25 retransmtted data. According
to a sixth aspect of the present invention, there is
provi ded a nmethod of providing a marker in a data
time franme, the method including: encoding data bits
at a particular point in a data sequence to provide
strat@gnisingGhgeillegal ¢congbimasibatas acoatkerat i on that is an
illegal conbination; 7 WO 2005/015811
PCT/ AU2004/ 001053 recogni sing that illegal conbination

rker. .Preferabl el yi ng a negative
Pref3 0o IPRA TG 3 emetve A BROM i i HaRsctRey badamitter
retramﬁl@%@d% tbnﬁefat 1éa§@§ﬁe E}Bﬁ?}cte'i\?é}s/‘f@de‘f%ré receivers. 5
he system and protoco e present invention has
nany uses including applications in controlling
donestic, industrial and office appliances. BRI EF
The SUE@@R&WIFUN@D PHEh e RRTEINGBV eltien Sm manysmm/smdnémg

net wor Kk ar ¢ ecture ccordi to.a prefer
pPHEFARH st apifgdompBeanEtp R R RBalg eSS hovs
the network protocol nodel used in the environnment of
the present invention; Figure 3 shows a frane

BRIEFDESCRITETION QOFTHE DRAWPNESer red enbodi nent of the
present 15 invention; Figure 4 shows a preferred

Figuretl shaws enehetwerkarshisedture awordinguosdpusferred epbesément of the
nventlon and Figure 5 shows parts of the 1SO 7 |ayer

presel%&grer} F%ihi ch certain functions of the transceiver
FiguidVdHcfvOthed b @Wotk prafotoPRddRi BEH in the environment of the present

invention;

Figure 3 shows a frame structure according to a preferred embodiment of the present
invention;

Figure 4 shows a preferred structure of a transceiver device used on the present
invention; and

Figure 5 shows parts of the ISO 7 layer model in which certain functions of the

transceiver device of Figure 4 are performed.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An exemplary architecture of a network is shown in Figure 1, in which the network
10 is made up of nodes 1, 2 and 3. Nodes 1, 2 and 3 are transceiving devices and may
act as transmitters and /or receivers in a given communication Transaction. The

network 10 may communicate with other networks 20, via gateway 11.

The protocol design of the present invention is based on the ISO seven layer model
and some terminology is common with that used by ISO. The protocol used in the

present invention is connectionless, meaning that once a single data transfer has
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20 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT An
exenplary architecture of a network is shown in Figure
wd 2005/0138i ch the network 10 is made up of nodBGT/AD24/001053

and 3. Nodes 1, 2 and 3 are transceiving devices and
may act as transmtters and/or receivers in a given
comruni cati on Transaction. The 25 network 10 may
communi cate with other networks 20, via gateway 11.

The protocol design of the present invention is based
takerOplaté)ahéRGs s8\expetayidh dfedelitiordl deestbd @l thardéd@ithes before
comon with that used by | SO The protocol used in the
or aftpr.esent invention is connectionless, neaning that once

a single data transfer has 8 WD 2005/ 015811
PCT/ AU2004/ 001053 taken place, there is no expectation

e 8 HBREH ol ke Bk ARRL 138 HiSh R0 en fver
modd]anBas SHoWh ih Mg heQ. SEyedh Pl bnS diseEBhtedNsh driwd ¥Mes, each

in Figure 2. For applications distributed over two
protocotlayer bach virpualtconokcticry &y theasjuavalent lager totheattheonode. As
to the equival ent |ayer in the other ngde. As can be )
can bg sgeq, eagh mea%lfe&deﬂéé@ra‘éndgd&ryO@\ﬁgéﬁerm%Vﬁetr%tyé? as a data unit
ve, treats if a .dat |t dg, It wn
and R Gt EShort] ot AR Gl e e R IRERy the protocol
data LAXEPDU) RS et tPl@Qiata,Qﬁftagpé’dldage ??%ed%yeﬂ{eri%'xt hi¥her layer.

data, or a package provi ded by the next “hi gher | ayer.
The nhtneTofthedtBUGS préfexddhy the Jayef tocetiidhyit applieaiffer example, SPDU
) which it applies (For exanple, SPDU is a session
lsanFSDlQ)n.PEPHé- physi cal |ayer relates to the nmechanical and

electrical network interface in the 1SO system In

the system of the present invention, the physical

The ﬂk@ﬁéﬁral Ia%? tSafe th lfige n{]e'éhgﬁlfcgl’\ﬁ{c?el@mmfai AOMPS iRt FRBUR the
used to"transmt and receive bits over the

ISO sgstemunincthicisgstene df tha prieseritiaveBivs \the pinysichklalyenkefers to the
| ayer is used for data |ink control (for_ exanple,

hardwagggndyfirmaearg elemerip ased &9 trapsinglandbFrcedie) bity evarithe

comrgﬂr%scgﬁgnirr?evcﬁﬂ}r{ on, the link layer is used to

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

and retransmission.

The network layer in the ISO system is used for networking routing, addressing, call
set-up and clearing while in the present invention, the network layer is used for

network routing, addressing, Transaction set-up and clear.

In the ISO system, the transport layer is used for end to end message transfer,
connection management, error control, fragmentation and flow control. The

transport layer is not used in the environment of the present invention.
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20 break bytes up into bits, bit stuffing (if
required), framng, collision detection,
w@eiospisisat i on, error detection, positive /neper/avz004/001053

acknow edge generation, checking and retransm ssion.
The network layer in the 1SO systemis used for
networ ki ng routing, addressing, call 25 set-up and
clearing while in the present invention, the network
| ayer is used for network routing, addressing,
Transaction set-up and clear. In the 1SO system the
transport layer is used for end to end nessage

The sepsiprigrer in e R sy anvigisgd dendialegrarnd synghgpnisation control

fr tation,and flow contyol. The 3 ransport. . i
for apEBATRA R KRR % Fo e B bR eaireRmaY of HEF Breseanvention.
i nvention. 9 WO 2005/015811 PCT/ AU2004/ 001053 The
session layer in the SO systemis used for dial ogue
The preserstytich layer saiseahfor ardristdr syhedx aggatiatiin, eRdeatd ti es
but is not used in the environnent of the present
represepiationdransiormationsdadhe 259 spsteay whilegn ybe enyigpnment of the
transfer syntax negotigtion, and_.data. representation
presepl G Siopm i RtesRAPRE Tt s y P i il Bng @ tion of
apph@ﬂ%h{e&ﬁﬁﬂt of the present invention, the _
presentation |layer is used for optional encryption of

application data. 10 The application layer in the |ISO
systemis used for file transfer, access nmanagenent,
The appligatien layied inthes kg systeryis msed éor fileranséers aetesanmiinagement,
mani pul,ati on while.in th environnent of the present
docuffiFit fiel fiesSeps Mg rPes I8 Ryt aod Beripulatien MRgledndhe
irbRERNY bP hePPREE LA BRHGR! A iEAt] i
enVlrapplicatio ayer is &seJ gg#ﬁhﬁﬂﬂ?kEXngﬁéﬂgﬁgﬁguhngand
receiwinygiappliceiidn dhtd. he present invention for whatever is
needed to achieve a specified function or behaviour.
It is predomnantly in the link layer that the

Fiatl S RLGR ISR SR BT S B e A oo of the

preseREirRABI A FoRWIRTNAN 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.

Media access is obtained by a transmitter first monitoring the media, and if no
existing transmission is detected, the transmitter will try to claim media access by
transmitting a preamble stream. This preamble starts with at least one detectable bit.
The claim for media access defines the start of a Transaction. A Transaction consists

of all data transfer, acknowledgement and repeating of data. All nodes in a network
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bit, and an inferior bit. If two devices
simul taneously transmt a dom nant and an inferior
wdRao05/0133¢n recei vers and transnmitters (nonitor POYAUR@®KH001053
own transm ssions)will detect only the dom nant bit.
25 Media access is obtained by a transmtter first
monitoring the nedia, and if no existing transm ssion
is detected, the transmitter will try to claimnedia
access by transmtting a preanble stream This
must Phewit theshadiacontinaBy ah@ds theyndetdet£TiarBh&idH becurfing they
claimfor nedia access defines the start of a
will defermrgtattempt o dlabn seedia @ncess nsitd the @@mpletiin ofdhe gurrent
transfer, acknow edgenent and repeating of data. All
TransqgHeR i n a network 10 WO 2005/ 015811 PCT/ AU2004/ 001053
must nonitor the nmedia continually and if they detect
a Transaction occurri'ng they wll defer any attenpt
Tranda@tiShShfe AHACRrHARS that Y, they & 6QTR 2@ hhPRinké ahd€he time
current Transaction. 5 fransactions are asynchronous,
differehead friom) thehstgrtadonediransatioarty the mextadokst et Havedo be an .
) difference fromthe start of one Transaction to the
integrad unpRRIOT it PeTARAS t 0 be an integral nunber of bit
periods. In this application, a Transaction is
specifically defined as a continuous period of 10
In thib !ap?h%%ﬁ% PRSI L BEAkicAMPdbifEd 86 AlcdnaANbAS fléﬁgd of
ditferent types of data. A Trdnsaction will begin with
time lrqkesanbirdo several si-tiper sloth wintdinireg dfffdrémmgpek)pf dam. A
speC|f|c data which is to be transmtted from
Transaglag eihhegin witha preamableifgr aget perioggf ime, followed by the

speciljt A% T FLisaRBF Rl Ttk B © Mo or
moreltfﬁ}{sea%rﬁeea%fso THESHReDt auhhgmehﬁmﬁk dBeANARERmitted is
Fol lowing 15 the data transm ssion is a repeat
variablenadéngthf agd (nidtided s poftiovniisdd a8 4 franed chrekdeqoendze dollowing
as they are not relevant to the present .invention)
the datg| tr%rmswnas 2 reReAt Simenlet tag (dWH‘Flé of paurk will not be described
know.ed Lansm

as the)f SRR FOBT R Doy Ser R Fy el B imesis e
whicKBoSifivR@eRhbWEe ARG BH BRBAHsnhisteHHNEHE thdrRLeR¥r / receivers,

followed by a timeslot during which negative acknowledgement is transmitted by

the transceiver/receivers. The structure of this frame is shown in Figure 3.

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
in the Transaction are used to show the beginning and end of the data portion. This
will be discussed in more detail later. The time slots during which positive and
negative acknowledgement are transmitted, are fixed in time. By coding and
redundancy of data encoded into these timeslots, a positive acknowledgement by
one or more transceiver/receivers and a negative acknowledgement by one or more
transceiver/receivers can be conveyed. All of the devices involved in the

Transaction see both of the acknowledgment timeslots.
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the transceiver/receivers. The structure of this frane

is shown in Figure 3. 20 As descri bed above, a
wade@igasstii on i s asynchronous and can start at BOAUR0O0/001053

However, once started, the Transaction has a

ti me-based structure. Special markers in the

Transaction are used to show the begi nning and end of

the data portion. This wll be discussed in nore

detail later. The tinme slots during which positive and

Once datdagatinteed b Tvtradgeimeet / tearesnhit @i $0r tekethpl@hedé Iie Figure
intime. By coding and redundancy of data encoded

1) is reeived heeessfublydiyothe, transgeivier { receinekar(owides g andrd), ngdes 2 and 3

.. ope O%C@re transcei ver/ receivers and a negative
“”HaﬁgWWS FRIGEFSIWyeefiBl-or nore  transceiver/ receivers

can be conveyed. Al of the devices involved in the
Transacti on see both of the acknow edgnent tineslots.

If dat3Prokd aWPaAORR 0P8 Bddei VA WTPAD4Y BY A Arhse¥iger datdver, then that

transmtted by the transceiver /transmtter (for
transexeeryrecemoetewill iransinglar megativeiasknewdédged successful |y

by the transceiver/ receivers (nodes 2 and 3), nodes 2

and 3 w Il acknow edge successful receipt. 5 If data

Tran{c%%rﬁnggr Eéi%??sa&gsih?r\rl)% #GQ’ P{Bﬁgﬁél&ﬁ%ﬂ%{“ﬁe%& %illt%}ﬁsmit a.spscl;ial

recel tran’dcel ver recel

code Mﬁfihgtth@?)ggi'tfvefhcﬁﬁg‘ﬂéd/@ RekMhARE GRirin ﬁ{ésxfe%ia’t’i@lé Iacknowledge

/receivers wishing to positively acknow edge, w

timestotamidingithea reqedee Gf doodpankbit hrgnsiméssparsistnioteised) or transmit
) .acknow edge tinmesl ot and during the negative
inferige ke (if d@gunant/ infeEisr bits are usest ner receive (if
dom nant bit transmi ssion is not used) or transmt
inferior bits (if domnant / inferior bits are used).

Similat ] tr@idckivet yﬁ%éﬁz%ké/wﬁghmg@@hy tBvet) abkiGwiedge will either
negati vely acknowl edge witl either “transmt “inferior

transimit isféridr Wenfihdominaritnf férdor thits srearsedyise dcere (ifedmmnireant bit
(if domnant bit 15 transmission is _not used) during

transmpssiqroisinqtwsed L AHBNB dbg positive acknowier ger timesiot and transmit a

speciaslpc(%)%iieaHurcfr%J;:I ﬁledrl\géa% etarc] oW acfgievt‘iem%sclic()gow edge times|ot.

The fact that the devices monitor the timeslots during which they are not
transmitting, ensures that by the end of two timeslots each device has detected either
positive acknowledges, negative acknowledges or both and can therefore determine

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. For the case where dominant bits are used, this is because the
transceiver/receiver positive acknowledging will attempt to transmit inferior bits
during the negative acknowledge timeslot but will detect dominant bits due to the
other transceiver/receiver which is simultaneously transmitting an appropriate code
during the negative acknowledge timeslot. For the case where dominant bits are not

used, the transceiver/receiver positive acknowledging will receive during the
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The fact that the devices nonitor the tinmeslots during
which they are not transmtting, ensures that by the
wenasoisstivo ti nesl ots each devi ce has det ect edrer/Ali2004/001053

20 positive acknow edges, negative acknow edges or

both and can therefore determine the overal

acknow edge state of the network. For exanple, the

transcei ver /receiver which transmts a positive

acknow edge will be able to detect sone other
negativaadariwledge tieeaioteindiétett dnyebissdtie tathegiier ve 25

acknow edge. For the case where dom nant bits are )
transggieer,/ re¢qiven whishdla trpasttitting amApprapréate code diuvimg the negative

ackndiieciee Sngiiot HE rovRIo Fese e o erBgS receiver
trans%{iﬁ—g% é)f\egéﬁvé/‘éél&f)%&&%é_ donmi nant bits due to the

transcei ver/ rec@rver which is sinultaneously
transmtting an appropriate code during the negative
acknow edge tinmeslot. For the case where dom nant bits
At theend mé th&Brarsedtion, adl devioescdo net knowdwiw enargopositive or

acknqw edgi.n ill receive dyrin he 12
negatmsqci@ﬁ%%ég A@J@@@@x/aéb%z HEgakroe Geknbthese yeere some
positft\)re%ﬁ%tmé‘ﬂg%ﬂ%e‘?pt any bits due to the other

anscel ver Preceiver which is transmtting an
appropriate code during the negative acknow edge
timeslot. The reverse case applies for the
If thete wese any eegatiecaikrowledgematrill ditrigg she & gartsavion, then all of the
acknow edge. .5 At the end of. the Transacti on, 1.
trans eRIVRTY BECATT ATIORA BF 15N ‘Eﬁ%ﬁtlﬂs & %Fsdgt%rece}?@&a?-‘i%larlyf the
V. ' t
trans U HATRAARS] RAOGs Ml ncPta AUDIRFRLE Rl R MEghiec B
there were any negative acknow edges at all during the
Transaction, then all of the transceiver /receivers
The generatiom of a positivaackticebdgethid] lbaassfollowsi \dplon receiving data, a

Simlarly, the  transceiver /transmtter knows this
node yyil| gexngrate adgsitiyea -qw}ﬁﬁsﬁ@n rWREBCti on. The

SRR g RSP 1S AR 48 A ) A e
a pQfildnic¥ @anaakiawite basatid; xnahen:
-any addressing information present in the data timeslot matches an
addressing information used by the device.
Each device transceiver generally contains at least two different types of address, as
follows:
- A Unit Address, allowing the device to be uniquely addressed in
isolation; and
- 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.
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-the data tineslot has been checked against its
enbedded frame check sequence and found to be valid;
w@osAHesyl addressing i nformati on present in theCTaAU2004/001053
ti mesl ot matches an addressing information used by
t he device. 20 Each device transceiver generally
contains at least two different types of address, as
follows: - A Unit Address, allowi ng the device to be
uni quely addressed in isolation; and - A Milticast
Othendaigticns aklpossible, blao sieesdehitepasldrasstypet wee Ksddadthe basis for
addressed 25 sinultaneously for the purpose of
otheryperg sophisficareshadidresping sghemss| es. I n additi on,
devi ces can also optionally contain: - A Network
Address, allow ng physical devices to be grouped by

i . i ot . .
Use o B8y A5 onieR 3 oo o1 s ey R AEBheftertznty to the
functivssg bf the fativdrke $efolr lekemple dhe sinkyiesr /afdstEadr dées not
the basis for other nore sophisticated addressing
receiwrhppsitive Bsknowladge, frost any dedisknuowl gedoes natgkcdives
r.ovi an addi tional ertaintxtoth

it 5 ) )
negatiyp gk 1R8BS FroPm any, sexisex thers 140 erlainby that gy device received

LLangsRiver/ transmtter does not receive a positive
thetrac%ﬁomﬁndge, fromany device, and then does not

receive a negative acknow edge from any device, there
s no certainty that any device received the
It wilt beappiesEited how@ver, that thetpositiyy adirevdddgeisavatressertial to the

he positjivye acknow edge i s_nof essential tq the
broaff@rsb f o tieaueset IPH%‘Q%‘P%sEH&‘FW%ﬁ thepositive eknryviedge
t (AN d appear after the
Couldn%%ftg? \%ketggc n@%ﬁgf?geﬁ%ﬁ@%? éessgg i nvol ved in

generation of a negative acknow edge are as follows. A
15 receiving device (transceiver/receiver) wll
The pgeresses imvealvesgiat generatidmofw odgatiunagknowledge 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.

Where a device determines data timeslot corruption, there is no point further

examining any fields inside the data timeslot.

Acceptance of the data transmitted by the transceiver/transmitter is only made by
the transceiver/receivers if the condition for generation of a positive acknowledge
are met and if no other transceiver/receiver has generated a negative acknowledge.
This ensures that all transceiver/receivers receive a given message only once. For
point-multipoint messages, this may mean that a message is discarded by a

transceiver/receiver, even if it appears valid and was positively acknowledged.

In practice, it is beneficial to construct all devices in the network in the same way.

This means that each device (generally referred to as a “transceiver”), whether it acts
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the data tineslot is determined to be corrupted, by
checking the received data using the enbedded frane
waebmskiseguence. Where a devi ce determ nes datBCT/AU2004/001053
timeslot corruption, there is no point further 20
exam ning any fields inside the data tineslot.
Acceptance of the data transmtted by the transceiver/
transmitter is only made by the transceiver/
receivers if the condition for generation of a
as a {yaBsaeivay/ Hakpmilteoretraraceiviest regaiy e fwilbbetdrestructed in the same
transc%jver/ recei v L@Qas g nergﬁeg a negatiyve ) )
way 28R 8P fBArsly inablechio peréonnp the desirad fimstiony dhis provides
oniecel ek LRV ] e _onl nce. For
stgniEi St ar s OnR T ERR B hasiiitERincespnly one type of
devidencalise Hesighed ahd SfarMadurbd anscei ver/recei ver, even
if it appears valid and was positively acknow edged.
In practice, it is beneficial to construct all devices
i n_the net same way. 30 This nmeans that

[ rk inth !
The preferr %%Wer&(l@étﬁapa |0E he Epmsqeaeridevage KO0 uses a radio receiver, a

L i "), i 14 2005/ 015811
T AT
comBih8d 8§ Qit¥fishiiBe ) NeEivei 2, aBSh&RRSIHITY ﬁ?ed4,iv9hiicﬁ gshg%edevice

way and can be separately enabled to perform
100 indsdiregimficroptrocessorTHi0sanal wanstaittergirgpeivierqadt savi ngs
in the conplexity and cost of manufacture since only
Tranygpittery geeeprer 148\ Fansmitseandheecaives glatalviarantemmal3dt ur ed.
5 The preferred inplenentati on of the transceiver
device 100 uses a radio receiver, a radio

It will baRpprédisted tARCuse o LIARD 9&%§§6dr is hBE AfarldatSly. tf"&r} jexample the

itens can optionally be conbined as a transnrtte
protaceteruldrbeliptpleamensdibinma dadichtpdr iatepratdd @fost) aWrogeathffable
. 2]20, i ncl udi ng m croprocessor 110 and transmitter
logic dgyice\nsa pragramgnable gate array./ Usiegen waeroppocessarris gpngenient

e 584 S PRt S e
overdIPp&Iad 85unt. FREwE¥E& MRk Softheire %gﬁ&ﬁ@ﬁtgﬁgﬂlig ongr suitable for low to

i mpl emented in a dedicated integrated circu
modgrategiatamates e

The function of the transmitter /receiver 120 is to receive or transmit information.
The choice of transmitter/receiver will be determined by a range of factors, including

(but not limited to):

a.  The regulatory environment of the market into which the product will

be sold.

Each country has regulations that determine factors including

allowable frequencies, transmit power levels and bandwidth.

Transmitter/receivers suitable for use in some countries may be illegal

in other countries.
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| ogi c device or a progranmabl e gate array. Using a
m croprocessor i s convenient 15 because it allows a

wo eadiolsginodi fi abl e software i npl ementati on, aPdr/AU2004/001053

reduces the overall parts count. However the software
i mpl ementation is only suitable for lowto noderate
data rates. The function of the transmtter/ receiver
120 is to receive or transmt information. 20 The
choice of transmitter/ receiver will be determ ned by

a rangfopprédedtofith i Bedatdlsales afhudl] imatrahgdrof esluiteiks, it is
a. The regul atory environnent of the markéet into which

t he pr possiblethht seviesalstifférergfrapsuotitten(neteiyetsawill need to be
regul ations .that determne_ factors including

al | owapelected cppriopriate tq aghSUnthvwer | evel s and

bandw dth. Transm tter/ receivers suitable for use in
some countries may be illegal 30 in other countries.

?5. VO PeARE Qéﬁ&i{%gg’llgﬂ INEHAA GHORRhFaTy Gihed Bshsid¥ations that

a broad sal es app In a range of countries, it is
possi bdeterirate gevamalintof pewenavaitardeni tter/ receivers
will need to be selected, appropriate to each
country. 5 b. Power consunption, in conjunction with

any ot her caonsiderati hat. termne the a nt_of.
Sover” BEf BBl B fer AP v 38 TiEh POl TR S Bion
Wi th aﬂﬁgg&ﬁﬁy‘ﬁfaﬂ@m%érgg)pe%%rpe unsui tabl e for
battery operation. 10 c. Ti for the transmtter/
receiver to switch between receive and transnit nodes.
15

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 slots. Depending on the overall transaction

being performed, a time slot 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.

e. Data rate.
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20 25 30 In the communi cation protocol of the present
invention, the tinme to swtch between receive and

WO e@s®IEst1 i s | nportant, because the protocol PaDAUL®S/001053
a set of fixed tinme slots. Depending on the overal
transaction being perfornmed, a tinme slot my need to
be received or transmtted. The tine to swtching
bet ween receive and transmt constitutes an overhead
(dead time é Large switching tinmes have the effect of
wast i nglh nﬂmltttdr/r@ementr@edatmsmgpcat aMbaty ratepepropriate to

transm ter/ cei ver are avai/l ab| e. Aty e that

pr ov: ddge HF&}IF B¥°d(\§’aﬁt ZEqHFIeRSd data rgte/eauld e anywhere
. Da

are. - TeiE SheRFRelt b bR BB 053 e

transmtter /receiver needs to support a data rate
appropriate to 5.the overall product requirenents.
THi s ddthysical size anditHeearnoymhef spaceaveitablext r enel y | ow
or extrenely high. Physical size, and the anmount of
space available. 0g. Cost. h.Anmount of design effort.

t he y least, the transmitter/ receiver needs: a.
A®Transmt data input, used by the mcroprocessor to
pl ace a conmunication state onto the wirel ess nedi um

h. Amount of design effort.
At the very least, the transmitter/receiver needs:

a. A Transmit data input, used by the microprocessor to place a

communication state onto the wireless medium;

b. A Receive data output, used by the transmitter/receiver to indicate to

the microprocessor the state of the wireless 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.
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15 b. A Receive data output, used by the transmtter/
receiver to indicate to the mcroprocessor the state
w@booshessn rel ess medi um and C. A control i npupPCT/AB204/001053
by the m croprocessor to select a receive or 20
transmt node of operation of the
transmtter/receiver. Control inputs can range between
very sinple, and very conplex. At the sinplest
extreme, it is used to select between receive and
transmt. Sone transmtter/ receivers support a |ow
power "sleep" node. Ot hers allow conplex 25 setup and
The noigrdprggessor a0 isouded todteplement thencomumuaricaticecpioterol, using the
operati ng behayi our. Faor .the protoco|l described, the
transgyiter/gecelBef e mgans ol re P ERIcation siateyyhigthg wireless

.fra ' L Vers . nc . ' R1000
medtiplf AT rbftving RGeS YR Ageied it
NRF403. 17 WD 2005/015811 PCT/ AU2004/ 001053 The
m croprocessor 110 is used to inplenent the
The tgperand ichaice @f npicoiprooéssorn i maf vielme criticaly protitied that it can
recei ver, as the neans, of placing conmuni cation_ states
perfopmQperabon; Wathaarecisgdiaming, FeE8R PLPHRFIIORRDHT Begdsde be
tates from.the, wirel i he nd choi ce
enouh & ot PRI B @e5 T P Buricalitfh PaBetica hat
it can performoperations with precise timng. The
degree of precision only needs to be enough to avoid
The protadl isghest implenverged in & foét-cemedimannanberantse this allb®vs the
. The protocaol is best inplemented in a bit-oriented
pointa wreieh thetimesdotsheginiq bogasilygrecpgmiged.at  whi ch t he
time slots begin to be easily recogni sed. The
m croprocessor is responsible for inplenmenting at

The nhifAProe@d¥Br & resPndible! YK mm% SRastlonte oft arbﬁoavmg

encodi ng and decodi ng sche used Tor transm ssion an

functiomsepti on - for exanple, Manchester coding;
a. A data encoding and decoding scheme used for transmission and

reception - for example, Manchester coding;

b. Recovery in the receiver of the transmitted clock - for example by

synchronising onto a preamble;
C. Detection of collisions;

d. Creation of each time slot, and appropriate transmission or reception

during the time slot 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; and
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b. Recovery in the receiver of the transmtted cl ock -
for exanple by synchronising onto a preanble; 20 c.
wmeasoiison of collisions; d. Creation of each PCTYRU2004/001053
slot, and appropriate transm ssion or reception
during the tinme slot to exchange the rel evant
acknow edge information; 25 e. Inplenentation of an
error detection schene that can be used by a
receiving device to determine if a transmssion is
rgcei v Mg\MmbnﬁlﬁonV&ftahlcéﬂ‘oﬁdfdrﬁé’c;tio&rydhéﬁle\é@aQélﬁ'%é)ﬂlwﬂ\y a
PCT/ AU2004/ 001053 | npl enent ati on of an error
cor r ectéaivingiinvice toatorreah fiysomenumpen of rexesied ergors during a
device to cqrrect for some nunber of received errors
duri ng "@NSPHSHAM ssion. 5 As previously described, a
comon nethod for describing the functions used in
comuni cation protocols is the 1SO 7 |ayer nodel .
As prélidubly des@fbedah Qofirhois hibtRod #5descBibindife fiREAbns Bised in
not mendatory, its use sinplifies the overall design.
comnisniagtiot psotocoldas the 15O ¥ layer innodelp Whidstreesbftwatensgructure based
bottogm few | ayers are shown in Fiqgure 5. 10 The_ . i
on thig repéﬁlrlé@@gwnc{%ﬁaw 158 ﬁH’OPE%%S Overald depiggy Using this

moddl B RS T TR LU Mol Be Bl R §REPh i Fipwre s

In particular, the software MAC-B portion of the Link
Layer is responsible for all 15 time - critical

The rhicnapriocessooharkisvard panvidessthie@tecrichlinteefice ¢Rhysical layer).
including at |east sone of the followng: a. Starting
a new transm ssion (including generation of any

The IR{C?gpnrJ%lcggsbr R ftwall f’)g}fg}rlng Al 3L ¥ al %Qgher layers.

In particular, the software MAC-B portion of the Link Layer is responsible for all
time - critical functions of data transmission and reception, including at least some of

the following:

a. Starting a new transmission (including generation of any preamble);
b. Transmitting data bits;

C. Transmitting frame markers;

d. Starting reception;

e. Synchronisation onto the transmitted data stream and clock recovery;
f. Reception and decoding of data bits;

8- Reception and decoding of frame markers;
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C. Transmtting frame markers; d. Starting reception;
25 e. Synchronisation onto the transmtted data stream

warsoissck recovery; f. Reception and decodi neCDAUuzZia/001053

bits; g. Reception and decoding of frame markers; 30
19 WO 2005/ 015811 PCT/ AU2004/ 001053 h. Notification of
a collision; 5i. Starting each tinme slot; and

j . Transnmi ssion or reception of data bits inside a tine
slot. The software MAC-F portion of the Link Layer is
nbt soNotificationtdf@adollidion s responsi bl e for hi gher

| evel nessage-oriented processing, including at | east
some of: 10a. Construction of a packet fromreceived

dat a bits.:. Packet. error. checking; 5b. Determ nation of
mﬁen tgkgg g%f@%l ?ﬂgﬁéngﬁe type of c.acknow edgenent
to be generated (using the tinme slot services of
MAC-B); d. Based on packet structure, scheduling and
oper at ToasphissionepaatadiciOef datandtsiiasidern; tilteatdti ng t he
transm ssion of a new packet; 25f. Generation of
packet error-check sequences;

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;
C. Determination of when to acknowledge, and the type of

acknowledgement to be generated (using the time slot services of

MAC-B);

d. Based on packet structure, scheduling and operation of a repeated
transmission;

e. Starting the transmission of a new packet;

f. Generation of packet error-check sequences;

g. Transmission of a packet, bit at a time;

h. Examination of acknowledgements, and collisions, and determination

of whether a packet should be re-transmitted and when that re-

transmission should occur.
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g. Transm ssion of a packet, bit at a tine; Exam nation
of acknow edgenents, and collisions, and determ nation
wo 2e6/0nds3et her a packet shoul d be re-transnitt ePCEHAT2004/001053
when that re- transm ssion should occur. 20 WD
2005/ 015811 PCT/ AU2004/ 001053 Many different
m croprocessors are avail able. Sone have speci al
hardware functions avail able which renove sone of the
processor load for tinme critical functions, such as
Manyo@Hferéit rﬁ[tr@\mbr_dcbéﬁbré Atecqwelable. BUMRE AbVeBp&fialhirdesre functions
and so on. ilst these hardware functions are not
availabde adtich yemome iscvma@é thye peadegsagilapd ifér timetdniicabfungtioas, such as

design and. 5 co Some Cr,o roc Ssors
generatipp A (En¢ BieLyaLs, BRNeRION ciﬂpéﬂ% S04 A O &{’Fﬂét thess hardware

0 e
functighp 254 M8k RobFipty, i e et Elm RO e e B gl na
codin@C S3itH RcrbPraebstirs tﬁﬁ&t a8 @ﬁﬁhbl@ffoi 0Se B @€ Mvention include the
i'nvention, ~10 special markers are used in the

TexasTinatrsawiritoMIR438 Hamvilyh & tivet Atmegg familyemd thie Hitachi H8/3644
vari abl e-l1ength data portion in the Transaction frane.
familyn t he protocol of the present invention, it is
inmportant to fix in tinme the end of the variable
portion, because this forns a reference point that

As prQGde@Wm‘éﬂﬁBné@ Grld ¥RErdingitbRBrust Rl Ss5&dt e PrdsbAf invention,
acknow edge transm ssi ons)g According to this aspect

speciglfmatiers arenesedi inrthe ﬂ"smsastlmacﬂe shtbwtthe begmmpg anfl end of the
encodi ng data to prqovide "'states". It is desirable
variablgrl ee&ﬁhﬂﬁamﬂ%%ﬂtﬂﬁraﬁ@a@mfrﬁ@%om form of
bal anced transm ssion to avoid accunul ation of a dc
of fset. This balance requires that the 20 nunber of ON

In th t&%& of il gﬁes@ﬂt flenfBA! 118 P S3&Y to MOBN@TAL dRARH the
nodefate to long time period. There are a

variabvile r}mrﬁonf beznaselthig foroieaefetdnat point thet defénes when the fixed
translate the data bjts into states on the nmedjum
time stplsganbegin (far ?@ffH%W]@figﬁ REnSEHSRP YN Adseydingie dhis aspect of the

mven%rogng?eﬁ {sretrg%a‘egé gle %mg %\;gghx{geaata )iarovmfe States”.

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.

There are a number of encoding schemes that can be used to translate the data bits
into states on the medium. These vary in terms of the bandwidth they consume on

the medium, and the ease of recovery of the transmitted data in a receiver.
One of the most common is Manchester coding. This coding uses two states on the

medium for each data bit, and has a simple process for data recovery in the receiver.

This codes a 1 bit as the state pair (OFF, ON), and a 0 bit as the state pair (ON, OFF).
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One of the nost common is Manchester coding. This
codi ng uses two states on the nediumfor each data
wedos/0888dh has a si nple process for data recovergr/Aan2domeo1053
receiver. This codes a 1 bit as the state pair (OFF
ON), and a O bit as the state pair (ON, OFF). 30 21 WO
2005/ 015811 PCT/ AU2004/ 001053 The Manchester code
al ways has a state transition (OFF to ON, or ONto
OFF) in the mddle of each data bit which greatly
The Mamghestersoddh@lwaysdes a statettrensitboe (OEF t@ONlasraON to OFF) in the

. q@ec very an%_sy chroni sation onto the transmtter
middle 9f pacitdpta lhé"inﬁhgT?@é]tYesﬂm@é’é’@? the,pregess i theireceiyeref data
are not rmtted. The Manchester code
reco‘ga:& a%gfj %’%ﬁéﬁ%ﬁ%}oggn&%tggqfwnﬂﬁeéQQCEst ate pairs are

used to convey information about points of
significance. 10 The exact choice of the illegal state

In the ddarechester codef theatate pajre (OFF; OFFarldoDN, ©N) rel fot pégafitted.
consistently. Preferably, the dc bal ance of the
Manchester codi ng should be preserved. A suitable

The FRECTAERABRRETN St 30 Bat Inediikgale e mafffiare Bed to
conve§ iRt oh@outPoirlth bf sigfﬂcanz@' s preserves the dc
bal ance, and can" be easi FFy recogni sed by the

Manchest er decoder. |If additional informati on needs to
be conveyed, this sequence can be used as a "l ead-

The gxact clgyce phthedllagalistate seqeengeds siobverysisnpentarts sorlaty as it is
be: 2 , , F F. ON, F) = first point of

used ¢BeiRarkiidShicely. (g Scchihes ol (Hepanelgster g ghould be

presd?9bd! of significance Wen the methods and advant ages
are considered together, the preferred protocol 25
i npl ementation is bit-oriented, synchronous, and

exploits illegal coding to denote points of
A suigabjaicplingntoerepresent thesgrichof thepeariablahpetidmaef thedransmission is to

use ags?r\éa :Pgsﬁ%%aﬂ%a re?}\éégg)ﬁk% (?NI,1 .bq:q?, lO?ﬁl Tﬁgs }:t;riersrel:"r_vt(g.gl S1‘.’heeddc 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

When the methods and advantages are considered together, the preferred protocol
implementation is bit-oriented, synchronous, and exploits illegal coding to denote

points of significance in the variable part.

This has the advantage of providing a high level of time-based precision in finding
the end of the variable portion, is relatively easy to implement, removes any reliance

on characterisation of UARTS, and does not need escape sequences or bit-stuffing.
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the end of the variable portion, is relatively easy to
i npl ement, renoves any reliance 30 on characterisation
wmb00s/AEBs;, and does not need escape sequences BET/AU2004/001053
bit-stuffing. 22 WO 2005/ 015811 PCT/ AU2004/ 001053
Furthernore, the high tinme-based precision in finding
the end of the variable portion also creates a high
| evel of precision in determning the start of the
fixed tinme slots that follow An exanple of the use
Furth@imrs ttae high tikesbiskd) preaidicrninHed iar the lendlo)thé $ariable portion
shown in Figure 3 5 The fixed tine slots are easily
also areates aihigle deved phpracisign i datermgninigetherstars of theefixest titresslots
The recej.ved tine slots re?fire a Manchester

or. bits. _
that (glleHeAh ERFTRIEID! TediREld Sert TRarse(12)ene an Feg Marker (13) is
t.at nd a tiner in the case where nothing is
Sho@rlgr@grﬁet%d during the period of the received tine
slot. 10 It will be understood that the above has been
described with reference to a preferred enbodi nent
The fied tithaslatanie easilydtarensittad dsimgaly fiiyoatuinding thetrdremitidd states

Wl%gl n the _scope of the present invention, 23 WO

or bits §he sqesavad peag Seoeanne sodanchestansieondenimithpekiiened to
e | t. f devices,.the protocol

sopp SR ed Syl B 6 e RSy 5 Pt

during tABPEridd s¥thddbebived fffeer.time 5 slot, after the
Irst time slot, for transmtting a first

acknow edgenent state, and a third tinme slot, after

,L@e sacﬁ:ond ime slof, for transmtting a second
It wilhbe 4B t the gbave bas beesvdencribed wigh sefgrancedola preferred

C ' ' N ' he fir 0 1
oSG ARFAL T SRS nifutanin
scopel 6T&he Pzedht invention.

23



10

15

20

25

acknow edgenent state is a negative acknow edge. 3. A
comruni cati ons protocol according to claim2 wherein

WO bwshissst time slot is variable in | ength aneCt/AB2004/001053

second and third tinme slots are fixed in |length. 15 4.
A communi cati ons protocol according to claim2 wherein
the positive acknow edge includes the transm ssion of
a specific coded value containing sufficient

redundancy to allow it to be recovered in the presence

CLAMS:r ecei ved errors and the negative acknow edge

i ncl udes the transm ssion of a specific 20 coded val ue
contai ning sufficient redundancy to allow it to be

recovered .in. the presence of received eyrors. 5 A
- AT BRSPS Loty 1l ekRTkf dexiss g pirptocol

t ' o . ' i .
Wy 384 PR Rling AR RUHIC RRYER KTk ng G5 §SkAnd time
| Blod, ftdrsthe firdEtimk @lot! Qrithshiianse 8 five dckhengéd@iberate,
wherei n upon recei pt of the data, each of the

t andscthiindetimersbote aiter thersetomd tihe $let, far fransmitting a second
acknow e%ement state in a second tine slot, after the
f AF O‘t’f eqiedt stade- a  second acknow edgement state in
athirdtine slot after the second tine slot. 24 WO

2005/ 015811 PCT/ AU2004/ 001053 6. A radi o comruni cati on

S WS¢ ShAGHEL ool abdBrd iRy @hin tIRPhéreliSthe first
acknow edgenent state is a positive acknow edge and

t heknmedgemeri state Bdypositive stlnewlesige anelgtheiseeond
acknow edge. 5 7. A.radio co ni ca}ti ons system

2 SETQH fedBement A7aif i ARRBALIE ABOIPLEE. 1 i e sl ot i s
variable in length and the second and third time slots
are fixed in length. 8 A radio conmmunication system

aC&IAhlithitfidisFh oM ithErEHatnh 2RPk&eiEthe A3t time slot is
nonitors the transm ssion nmediumduring any tine slots

dwatiablevihilemgtheotd thesepend aud thirdrtoeslots aresfixest in length.
transmtting.
A communications protocol according to claim 2 wherein the positive
acknowledge includes the transmission of a specific coded value containing
sufficient redundancy to allow it to be recovered in the presence of received
errors and 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 radio communication system including a transceiver/transmitter and at
least two transceiver/receivers, wherein the transceiver/transmitter transmits
data in a first time slot to the transceiver/receivers and wherein upon receipt
of the data, each of the transceiver/receivers return either a first
acknowledgement state in a second time slot, after the first time slot, or a

second acknowledgement state in a third time slot after the second time slot.
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10.

11.

9. A radio comunication systemaccording to claim3$8
wherei n upon each transceiver/ receiver detecting a

wa@oeoos®cisliy coded transmission in the negative RGI/AU2004/001053

acknow edge tine slot, each transceiver/ receiver

di scards the data previously received in the first
time slot. 20 10. A radi o comruni cati on system
according to claim9 wherein upon detecting a
correctly coded transm ssion in the negative

agkiuelb edgentimid®tioh eysteineccotdingso elaier 1 wikeasisrthe st
retransmts the data to each of the transceiver/

r eckniameledlgement afate isrspesitive Acknawledge ahdrthgsecond a

radi o ¢ ni catj on, systemincludi ng,at |east one
| ks RErmenl Sl Bt el S PWIEIE o e er
transcei ver/ receiver, 25 in use, the transceiver/

recei ver upon receiving a data packet in a first tine

slAofadib coMnhlGichtiGsSRtatalaccdrdans i tlhfh evhBedin the first time
transmts a first acknow edgenen state in a second

t slog isvartigblain kengtihendithe secandeansd thtird time slatssaretfixed in
second acknow edgenent state in a third tine slot,
afen&tht he second tine slot. 25 WD 2005/ 015811

PCT/ AU2004/ 001053 12. A transceiver/ receiver
according to claim 11l wherein the transceiver/

I ACRIANS tomintithidtion egReNeicbREinkith SlaidCKk Ntk SAGRAR REansceiver
state in the second tine slot from the at | east one

ohimitdrs dnstrensmissioremeiditen duringhany tinmuslotsed wing which each
system.or receives the second acknow edgenent state

i FeSPRELY HITARSGELYRY 18 POt UAPSIYEIRNE. at 5 | east one ot her
transcei ver/ receiver in the comruni cation system 13.

A transceiver/ receiver according to claim 12 wherein

t Perddib sbmnAeHioMbe SERER ccotdihg tb Sladm®Hilelr®i® upon each
acknowl edge, and the second acknow edgenent state is

atmegediver rawiverwlatelging 4 Oortdctlycodeahigarsminsion imcthienegative

according to claim13 wherein the transceiver
r aglgiqmeledge time glot, each transceiver }}eceiver discards t(’le data previously

received in the first time slot.

A radio communication system according to claim 9 wherein upon detecting a
correctly coded transmission in the negative acknowledge time slot, the
transceiver/transmitter retransmits the data to each of the

transceiver /receivers.

A transceiver/receiver for use in a radio communication 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 the transceiver/transmitter either transmits a first acknowledgement
state in a second time slot, after the first time slot, or transmits a second

acknowledgement state in a third time slot, after the second time slot.
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12.

13.

14.

15.

16.

17.

nonitors the comuni cations nmediumduring a tinme sl ot
during which the transceiver/ receiver is not

wo e@senstt i ng. 15 15. A transceiver/ receiver BCDAUZIONG01053

to claim 11l wherein upon receiving a negative

acknowl edge fromthe at | east one other transceiver/
receiver, the transceiver/ receiver discards the data
packet received in the first tine slot. 16. A

transcei ver/ receiver according to claim 15 wherein

t etrdhseiret tecdirter accord2y teephandd whéreirtdgietransceiver / receiver
retransmtted by the transceiver/ transmtter. 17.
t Fartberolegeives thefisstiackrowlesigemant istate i renseaprd tire slot from

? Vot Gt B Bmsce BT reRENer o Che f YRR At system or
L sttf’\tegl &ﬂ{daam%%\%dgé}ngnf sthifinlth ﬁthmé Aok ?ﬁrﬁltthe at

| east one transcei ver recelver an recelves el

aldast Sihe seHeRAMIrReEICesirat@vininaheroatlunidatibn slyoendf t er
the first tine slot fromone or nore of the

transcei ver/ receivers or receives a second

acknow edgenent  state in a third_ti slo ,ter t he

o Qe GRSt er PGS QPR A2 WRereHote e ver
05

¢ PEREtRRerehy SRR PR oGRS i RS opE, 1

t BekddwRgentn svkte taeABHtvelakRohde ersn tive _
acknow edge and the second acknow edgenent state is a

negati ve acknow edge. 5 19. A transceiver/ transmtter

accor di ng t claim 18 erein the_transceiver/
t PafFanseelver FﬁFﬁi%%cqfag‘ A darhersnihe thanssgivergreceiver

i n¥on dors T ae?] é#ﬁﬁrﬂ&t%%&&? ?ntdrlﬁ £ h)lr?e{ élof &ﬁﬂ@g]v%l%fl the

ransce ransm

a%ﬁ%@lﬁ&/&&&%&h@h@h‘éﬁ%@ﬂtﬁ\gupon receiving a 10
negati ve acknow edge, the transceiver/ transmtter

retransmts the data to the at |east one transceiver/

receiver, . In Awreless nletvvork i ncluding a
tlAa’ﬁé’é%QeV@F TRCEHFS ALEQMEing Hyclatm | 1d yeherejpupon receiving a

?_gac‘t?\% % wleﬁég E‘;O%Jt; ahee %t lggtll)%% o%exdirgﬁ&@vrb?y ir&%lver, the

Nare
transceiver /receiver discards the data packet received in the first time slot.

A transceiver/receiver according to claim 15 wherein the discarded data is

replaced with data retransmitted by the transceiver/transmitter.

A transceiver/transmitter for use in a communication system including at
least one other transceiver /receiver, wherein in use, the transceiver/receiver
transmits a data packet in a first time slot to the at least one
transceiver/receiver and receives either a first acknowledge state in a second
time slot after the first time slot from one or more of the transceiver/receivers
or receives a second acknowledgement state in a third time slot after the

second time slot from at least one of the transceiver/receivers.
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18.

19.

20.

21.

22.

23.

15 |l east two transceiver/ receivers, the nethod
including: Transmtting fromthe transceiver/

woepasensiter, the data to the at | east two PCT/AU2004/001053

transceiver/ receivers; Upon unsuccessfully receiving

the data at at |east one of the at [|east two

transcei ver/ receivers, transmtting negative

acknowl edge 20 data to indicate unsuccessful receipt

of the data; Retransmtting the data fromthe

t naRsRGIeRR/ trahsmsttert debidiabdo cRell Bivhgrdihehé ata

received by the plurality of transceiver/ receivers

watknawilkedgetnean staite isedpdsitisie agln@gledge mpdrbe sacwut di ng

to claim20 wherein the negatiye ackpnow edge data is

aRsnowsedeprenb jtateis AReBRRE kPP WIodBRm t tor. 23. A

met hod according to claim2l1 wherein upon receivVving

the negative acknow edge, the other transceiver/

I aC@hNSleved y&ﬁﬁgﬂi&é}ea&ahﬁnges Rlavedid whBteiRA thée

transceiver/ transmtter before receiving the

r etanaceivert/tehsdettar ndhitdEs fE0dmtEsddations medium during a time

PCT/ AU2004/ 001053 24. A nethod according to claim 21
dugingriwhighdthe granseeivery transpitigaisnotirapsmaitting. 5

first time slot, the step of transmtting the negative

acknow edge is done in a second tine slot and the

Skeﬁaﬂiceiv%yﬂﬁﬁ%i&éﬂwscbﬁiiﬁgQS clefin@® I Whefbih WFdnSeBdiving a

25. A nethod according to claim23 wherein upon

snegetbed atknosdedge, thé tdameeivehdrartsndtter edtvarsntitethel deta to the

transmts a positive acknow edge. 26. A nethod

aatlensl oRe transaelieny XSeiMeEr ei n the step of transmitting

the positive acknow edge is done in an additional

time slot between the first and the 10 second tine

SEPh witdledOndWworR iELARE 8traPE@VE MrBTREKSAd P 1dst two

data tine frame, the nethod i ncluding:

transceivers/receivers, a method of disseminating data to be shared by the at

least two transceiver/receivers, the method including:

Transmitting from the transceiver/transmitter, the data to the at
least two transceiver/receivers;

Upon unsuccessfully receiving the data at at least one of the at
least two transceiver/receivers, transmitting negative acknowledge
data to indicate unsuccessful receipt of the data;

Retransmitting the data from the transceiver/transmitter; and

Replacing the data received by the plurality of transceiver/

receivers with the retransmitted data.

A method according to claim 20 wherein the negative acknowledge data is

also received by the transceiver/transmitter.

A method according to claim 21 wherein upon receiving the negative
acknowledge, the other transceiver/receivers discard the data received from

the transceiver/transmitter before receiving the retransmitted data.
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24.

25.

26.

27.

28.

29.

30.

encodi ng data bits at a particular point in a data
sequence to provide states; generating a state

wa@eosionsstii on that is an illegal conbination; PCT/AU2004/001053

recogni sing that illegal conbination as a marker. 28.
A met hod according to claim27 wherein the encoding
used is Manchester coding. 29. A nethod according to
claim 27 wherein a dc balance in the transmssion is
preserved. 30. A nethod according to claim28 wherein

t ReriethS@atcor @AY tRalhign 2¢ meﬁe&e stép f tringmitiAkRlata is done
palrofC]:F COFF, or ON, ON.
in a first time slot, the step of transmlttmg the negative acknowledge is done

in a second time slot and the step of retransmitting is done in a third time slot.

A method according to claim 23 wherein upon successful receipt of data, the

transceiver/receiver transmits a positive acknowledge.

A method according to claim 25 wherein the step of transmitting the positive
acknowledge is done in an additional time slot between the first and the

second time slot.

A method of providing a marker in a data time frame, the method including:
encoding data bits at a particular point in a data sequence to
provide states;
generating a state combination that is an illegal combination;

recognising that illegal combination as a marker.

A method according to claim 27 wherein the encoding used is Manchester

coding.

A method according to claim 27 wherein a dc balance in the transmission is

preserved.

A method according to claim 28 wherein the illegal combination commences

with a state pair of OFF, OFF, or ON, ON.
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