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WD 2005/ 015811 PCTI AU2004/ 001053 METHOD OF PROVI DI NG

A MARKER I N A DATA TIME FRAME 5 TECHNI CAL FI ELD Thi s
invention relates to a nmethod of providing a marker::

in a data tinme frame. BACKGROUND OF THE | NVENTI ON 10
AVRSPWEIBILT devi ces can be created by arrandfHgU204/001053
-group of devices which can communicate wth each

other via radio frequency (RF) nmeans to transnit data
bet ween the devices. Provided that each of the devices
iIs wthin the range of the maxi mun conmuni cati

ange. of NESARDGRE; BROvERENG L UARKER -EETR RAT, gijie Frame
conmuni cate with each other device in the network. 15

In many such networks, the devices may all be
transceivers, ie are each capable of both

transmtting and receiving. For the purpose of
TECRONSICEAT Filg 0 i tem of data, one device acts
predomnantly as a transmtter while other devices act '
Thisddwentivanelayesde areechydrsf PHovhiipg esanirkerent isonlata
thfel ?rigeused in a "point to nultipoint” system as :
opposed to a "point to point" systemin which

comuni cations occur between only two devices at a
time. In a point to nultipoint comrunication system
BAGKGROUNI QFTHE tINVENTEONeen one device and two or

m)re of he other devices in the network 25 )
dqey cambe eneated by arisaging a growpof dgwices which can

mﬁ%ﬁi M AR SRR e BT UEn R Rl BengUTAER,

bétheenithd devicksy Pe@ddedithat bhre teoddvices @ wathalle@angdd of the
one device wants to change the value of the shared 30

mggipRycopR st idonsirangn efieach deided, pach davineatsn effaetivedy
AR aEETith Rah Sihlr §8MEEShe network.

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 fo inultipoint 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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recei ve and process the updated variable

simul taneously. If the update cannot be 1 WO

2005/ 015511 PCT/ AU2004/ 001053 nmde si nul taneously, or

wotooshissnt her devices in the network recei vectrhg?004/001053

update, then the network does not have a shared

networ k variable. Shared network variables 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
madgessjmgdiapepystio on aphwlt ether davicesiadhe ngtwork secgivedhe ipdate, then

undat 0] ny deyice in the network at any tinme and
the SANE 0B nabe S &R Al o WS Lot ot hel r dat a

accordingly. This allows the control of devices within

the network to be sinplified, nore flexible, and I ess

Sharedstetwonheariahtespdloadtheicréntivat of@meswhesivhirhdad o cemtralal
cantrol.l e A singl e conmunj cati on acti,on between each, .
contgliaen el Ghahe sl e AEY ahe Pperatio s Cgnimdl of e nétiork is
| -
knoWHS@h dlicy fh HARNIGHL A IGERORIPITHEflla BB i lated by

any devige iretHerretwork atemyrtaneand al otliertdeeicdndre guitamteed to update
Transacti on _al i ncl udes data sent fromthe

. ( o 1 , :
theix dafpacerrdmely e thip glows the qandrol phrewiess weithip thggefmark to be
simifiec e Berbft, S2F ROty Wher Qinb R Y NEVOLEORINNAE o
centifdicohtrbldér. a gi ven Transaction, transmts the data to
be shared throughout the network is referred to as a
"transceiver/transmtter” while a device which

A sif1B EbitEulitlor 1A YehDIdR da6 of HANRALLL R b (EEHNATSY, o

ranscel ver/ recei ver. W e un

Trarisi@iony A Trahshiors@strsBedweas h ideice Argtigvdifer/transmitter) which
transcei ver/receiver may also transmt an acknow edge

tranginiis dpta tp pne 9e Msg transgesies dreceigars of fle data. The Transaction also

. o1 el v regeiver econe f . .
inclid e RS E HobF B tipraiPee/ MRETR: folfi fepocelvgtamngpitr as
well ab 80 e QML thEOGIIRE rifsdevRE PlevEie S ditds I BRUSEoflad] B Qhis
known as a broadcast or multicast), it is inportant to
cont@xtoddetise which 25 a givenskrensastiondeansmitsthp deta to be shared

thro&g CSRIRE Hetwork SSRFES ttoha% a ta%'scéixfieﬁ}/r%ﬁsrgu%eer” 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/recei ver has not successfully received the
data (for exanple because of a bit error causing data
corruption in one transceiver/receiver), then all

woo beds/o1serianscei ver/ recei vers nust be i nf or nedrialvatosnebss
all of the other transceiver/receivers have
successfully received the data. 30 2 WD 2005/ 015811

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
Suchaetwetkssanglspaptionally use  warsmissign dystemanrith elnminant and

i nferior, bit en . when Jmonit ng ,t he om*rumc on
infeidy Pifhy ThB oS SieLat (herh 18 Sph ik Ahp G AT aed i oty
trar@ﬁm 3 aeﬁmbadt and HreABY bit Ghen ma-ﬂ%ﬁﬁdrﬁ% ¢hb %ofn%ﬁﬁeaion

knows t hat there has been a confl and can take
medhhat eueh dadte will seg th@mmsaba of Aur dexmant kit. The devmq
mean. t he cessatjon of gﬁ ther transm ssi ons.
tltherg

trar@gﬁviﬂﬁ RPTIpERiL knoys Bt DeAHEqraet grdcap éﬁrlse a
thgcgaﬁl V\;soz&g:q}:léﬁaﬂesF&o xal%l@% Iﬁgfﬁegﬁwrlegc%g& F%‘?)ﬂstg'atﬂ

an ac tatenen
furmhﬁtrammsloﬁbl s has the drawback that the transmtting

devi ce must know exactly the nunber of receiving

devices within the network, and how to contact each of

. t.h f..d
Inc%)%verﬁﬂongﬁ?%ﬂlf iC CF%IHJ'\}I ng Uﬁfcg{mﬁ) %rotogolg %m:énglla? Foc%dureaits 4]

evi ces

havé badSde A& @frinat ah b@qﬁ)&m@dgiaétﬁen@adscﬁn@ ﬂfxfe%ﬂ@@ Aélel}@ of the
wait for each 15 transm ssion to be acknow edged. "The

data. ¢fids has the drawhagk thet e tmtrﬁﬁmgaiféﬂqgamst&@ommyﬂy the
t | abl
e o e AR than T cefnf, SRR oyt et g

ThelrbRAsIerhhser 60heBAMAE PicdR Of 841216 ntlatipleabQWINEMRGIckY requires
which receiving devices are to accept a given

marty yarsmissidmof thie same dptapainha apirespontding weit fertdagh of a

tran g sI, OEy “Rh SR B ise B oo B B b R A e
marS rebipler®PWHBtRS BRLdvaANaBIB BakdRvidth of the communication medium. This
approach also requires the transmitter 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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Alternatively a point to nultipoint transm ssion can

be used to transfer data to many recipients

si mul t aneously, w thout any acknow edgnent bei ng

wetwsossts This renders the data transfer upceluadkesioss

and the transmtter will not be able to determ ne 25

whet her all of the receiving devices have successfully

received the data. Unreliable transfer of data neans

that a shared network variabl e cannot be created. In

such systens it is also necessary to be able to
Manyoeell-khewvy cdgtmumicatioreprotenslsare pgynehrorions and aharacter based.

ransm ssi on whe t he, t f_da changes (for
The b RS 0BPEE  witety koo BE RSP BotE 1+ anst ssi on
timeslot to an acknow edge tineslot). 3 WO 2005/015811
PCT/ A112004/ 001053 Many wel | - known communi cation
Suclppritondd endhecusad ywith doffiaubly ato drankmitacirging haddiked tithe
best exanple is the w dely used serial RS/ ElA-232
portismst Hozyever, gt istpperaniiiat é@ AgRRdroRgusinigripes eanpyuento

(refeitr{ealr% '5}3. trarplylﬁ(rgti ?lg’%%’g}%{ Ir?é%g Rtek er ﬁaﬂﬁﬁft’riegr&' 'Umi‘\ﬁ)(aet’:e’ well

ort an € asynchronous | nt’erface
chars@epsdenhing 4ref @dlae chdractafistivs UtidibaStlosd\aRENERTRY Semain
~ Receiver Transmtter, or UART) have well i
invaripal: ior example, anynvariptiondfercvhgteveraeasond id theiinter-character
.hat_ t e characteristics,remain igvariant., For
sop i3R pp e H5 SOOEBRAE RS WA oah MR By d¥ies woud
fix difftlrBiit-t5Rad 5% U san@P@itidaNBoire UTTekrl ok ASTBOPRIAmon time
because it would nmean that different devices would 10
referice fgr thesstariof thefbeditone slots. same critical point. There
woul d not be a commpn tine reference for the start of
the fixed time slots. Character based protocols should
Charate? BhR A ofRbIs)shaiM B i fdarBharlyt iRMBridd@bn fiteh® tHaR i into
t he desi gnated character size. "Thi's conflicts with the
the desigtated dhavestegsire. Fbirondicts wihshenedd torhgve spoetiagans of

. ints in the transn ssion, .especi al the. e of ¢
signd]fieg ABpartpbRaiER 1 iR CRgRT b oRe i 8ed L e ertate
portibhATRE!ShIRRaRGeseLle Gh thS@MPacr Hab& E)ﬁﬁ@éo?,%ﬁ{esofr%ﬁé d

to take on a special neaning in order to signal the
chardatgre needhto fade oh a spEtinlmessng it bater tdsigsglahe ahportant point.

charagt er. cannot be used for. data.. The copbine
This teans that the spemD characlor cannot be tsed 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




di sadvant ages of the asynchronous character-based

protocol nmeke it very difficult to 20 use when a fixed

time relationship is to be maintai ned between a

vari able and fixed tinme portion. {(E An alternative

is to consider the protocol as a streamof bits,

organi sed into characters by grouping (in other

wor ds, overlaying the character structure back over

gf f E? Each character can be inspected to

widelyuspq i Hrotf’%o Sslffﬁ DG Bifstdinegrreveiram ba cqmnplisatsd; agfprogessing
ingngivhe transnitted which | ooks the same as a

significant character, extra bits can be inserted to

SUMMRRAS of THE PevESSRINVI Ng device recogni ses the
patterns of extra bits, and renoves them restoring

Aceqidngipap piegt ofcthrapraentdpventizy, thae B@roideda mptbod crf@toagmgtaur@#er
in pflatp fme Jygme; the methad inshuding acodingedatadiite et e PpEPwlr poiat inhe data
seqidecod nyvidatshies;bgntraiB@ dathia @mblingpecthal is ghaleagel emimeden ;
rechgmisggian dHegticombmagonias akadwn as a bit-stuffing, and is

4 widely used in protocols |like HODLC. Bit-stuffing
Prefrsibiy dpon ieepivingea aesgipici askitosdpdam dhepliranessiy st tragsmiltertrelpposnyits, the
datSURRFasOPnc TS CHINVIENRVEN Accor ding to an aspect of the

resent invention, there is provided a method of
Prefsrablss e ﬁ@o‘aﬂ&fﬁ?ck‘éMan‘?lﬁSt%‘. cgita tinme frane, the nmethod
enc ng data bits gt a particular point in

P re%”%LYt %td‘ngl?ﬁ(ifé?l &F%mﬁf‘l%ﬁsa‘?s?fe tes; generating a state

Pretoaubiyi maﬂﬂeguncdrﬁbatatxd)r&oﬁiﬁqehdek efnd stﬂ@pﬂiﬂ diaFF C(DFF or ON ON.

rg%% ation a

a &ocolp %the res%at in engg ﬂ Fahn Jlicatjons. in
I]b % Tive f?ﬁ edi 1%t
cop I PR Gy MtV ST tgpet he

f*ﬁﬁﬁh’ eivers. Preferably, the

BR@%%%glng uselatd gﬁ#g§$codlng Preferably, a dc

Fi gQ@'l @1%@ ohé‘nehl?b@k LrEIRRSN SRR SRS &MYR If thEpelealiARhYon;
the illegal conbination conmrences with a state pair of

Figlk B sho@ks the netvo¥rotédd mddiBusey/mtierehanempxt of M€ presedf intehiton;
present invention has many uses including applications
Figurp 3 shows a frame structure according to an 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 afchiteculre 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 ISC. The protocol used in the present invention is
connectionless, meaning that once a single data transfer has
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control ling domestic, industrial and office
appl i ances. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1
shows one network architecture according to an
veorbmsiorsent of the present invention; Fi gur ecR/Asbmwso10ss
the network protocol nodel used in the environnent of
the present invention; Figure 3 shows a frane
structure according to an enbodi nent of the present
invention; Figure 4 shows a preferred structure of a
transcei ver device used on the present invention; and
takei jacep thers sawsexpectaon bf additib®Sd rZlatealydata tadafers eithehbefore
ertain functions of the transceiver device of Figure
orag€hre perforned. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT An exenpl ary architecture of a network is
shown in Figure 1, in which the network 10 is nade up
The ?’romdl&ﬁodel of tiagreerrdibeifbodinmenbiztbhagedbor thie 180sReeV [ayer
evices and may act_ as trapsmitters and/or receivers
modehand i spemre ecattios applications distibuted evariwpnadesceach
may, o nicate with ot her , networks ,20, .vi.a t enwa
protpil IigEr g s Vil Cqntiection b the GV RIS AFVer ) A D ate. As
can Bas&S, erhiibpert s IRYLPrdvadRl by b ehyerRBoSE MRats it as a data unit
termnology is conmon with that used by SO The
and prids ds ownymretbcohcantiesl infesmation @ hfieldn Ateach layer, the protocol

da ey R e 350 Bf o pagee® Bey Aed b SoRB bibher laven
The BhAGRS tREPDE ib Prétfke@BHARE BiePtd RhichIESPIRA o ShAbRISPDU

data transfers either "befo or after.” The proto

is a sosieh PBYUYX he preferred enbodi ment is based on the | SO
seven | ayer 5 nodel and is shown in Figure 2. For
applications distributed over two nodes, each

The @hﬂéi@ﬁ‘@éx "i‘%(lﬁfes B theAm¥dHahtal artPARAEEAIR 1 Br K #ferface in the
quival ent Tayer in the other node. As can be seen,
ISO epstéml &y dre dysiessofttat presenvinstentidyy thdphysigad tayabmfers to the
reats . it as a gdata unit, and adds jts _own protocol
har%te e ﬁWﬁﬁf@P&ﬂw rer)tofagprpit and r@ﬁ%ﬁ%ﬁ@@fﬁf there
: unit (PDU) is either the data, or a
€0 pé%&%gghﬁ%%éd by the next higher |ayer.
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.

6
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10 The nane of the PDU is prefixed by the |ayer to
which it applies (For exanple, SPDU is a session

PDU). The physical l|ayer relates to the nechanical and
ved emsniseal network interface in the |SO syeCeEaw2008001053
the system of the present invention, the physical

| ayer refers to the 15 hardware and firmwvare el enents
used to transmit and receive bits over the

conmuni cation medium In the |SO system the |ink

| ayer is used for data link control (for exanple,

fram ng, data transparency, error control). In the
20 .brea

r pyent ik@q, . the .link |aver is used to Kk
TheffSEEH Iy P HTRRD oy i WG P Hoa 4nelfime Bapisation e
for %pp?lfﬂ'aﬁgn efiBlitd itQnGtals88 i B erkidoRfrleht §8thi Presefif InPbntion.

etection,. positivel/negative acknow edge generati on,
checking and retransm ssion. The network [ayer in the
wor ki ng routing, addressing,

| SO system is .used, for ne .
The prentsHoJay S 8 Sk fof Faliter Ut TSP bphghdnse
repreBRAHid® BrandfBAnAONGA khd By stetn WHEH i Ble en&ﬁ%ﬁﬁ{eht of the

routing, addressing, Transaction set-up and clear. In
preseheinveatiey,she presemtation yspisrised dyresptiomaliareygtion ¢fnd to

nd, message transfer, connection nanagenent, error
app ‘E?ﬁ’tOF‘d:ia,ta'fragrrent ation and flow control. The 30

transport layer is not used in the environnent of the
present invention. 6 { WD 2005/015811

The REPlicitRM04y€10A BRSISTsy steas Biired fayfle taRsfel @ cdedOmavas&tknt,
is used for dialogue and synchronisation control for

docypent and message mterchangeyjobitiangter and eanipulatien while in the
TOVAN HelglyccTa ept jnvention. 4 5 The .

en‘”g re sé ntat | %ﬁ Fqsgéglﬁv‘%ﬁﬁé g‘& 4 \rﬁg r%%ﬁ%?‘érrs 3% ﬂ{lg sending and

receivbgpapplidation datid data representation transformations
in the 1SO systemwhile in the environment of the

present invention, the presentation layer is used for
Finaﬁf’,t h@3br a%qﬁirc;.{l%ﬁ 89&8]; 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.

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

1
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application data. 10 The application layer in the |ISO
systemis used for file transfer, access nanagenent,
docunment and message i nterchange, job transfer and
wamiopodssiii on while in the environnent of tireTpUe®eDI1053
i nvention, the application |ayer supports sending and
recei ving application data. 15 Finally, the user
application layer is used both in the |1SO and the
environment of the present invention for whatever is
needed to achieve a specified function or behaviour.
must mangtop teimediaaontiyually arkifitheykdétegtarTridsectibh eccurring they
..features of the present inventign reside.. 20.In the
will g fi 30K RHUEPE eclpim ieia aovewintd fhe srsepletion e&hecsﬂaqeny
Trar@.ﬁc de of a domnant bit, and an inferior bit. If
two devices sinultaneously transmt a dom nant and an
inferior bit, then receivers and transnmitters
(nonitoring their own transmssions)w || detect only
Transpetiong Arqagyinchionous shafis, they eabecur at amt tipa ead glye ime
. ' I 1oL t ' i f. . no
e AR U b b PO 9E4 0 P PRl Bl B

integtal hudbyr fbicpaichsredi a access by transmitting a
preanble stream This preanble starts with at | east

one detectable bit. The claimfor nedia access
defines.the .start..of .a Transaction., A Transacti on,
In thig grplicRtion; 3 Trpsaerion i sper PGPy dpfined as AsarbRg SRRt -ioghef
timebRERS ﬁ}g tht8kevtdi1zubAlthe Ql%@s?c%n‘taﬁnﬁ‘aglﬁff%h{‘ of data. A
2005/ 015811 PCT/ AU2004/ 001053 nust nonitor the nedi a
Trangationrwidl hegimwithiaf preaepladior e set peribidar{dineg, ifollowet oy theng
t.he w, LI defer. an t.enpt to cl ai m,nedi a. access
specififdata Phichus ipPe bRt Btectifina Farbtiver FRnsditferon bvp or s
more frafeilel ARSiRE. TRY Hﬁfé&fb@ G‘tiﬁng%}ﬁ«t:h e dat D R r SRMIREE Y
at any tinme and the tine
variable in length, and includes a portion used as a frame check sequence. Following
the data transmission is a repeat timeslot tag (details of which will not be described
as they are not relevant to the present invention} followed by a timeslot during
which positive acknowledgement can be transmitted by the transceiver/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.

9
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difference fromthe start of one Transaction to the
next does not have to be an integral nunber of bit
periods. In this application, a Transaction is
vepewshiseal | y defined as a conti nuous peri od refr/aukanoiess
time broken up into several sub-tinme slots containing
different types of data. A Transaction will begin
with a preanble for a set period of time, foll owed by
the specific data which is to be transmtted froma
transceiver/transmtter to two or nore

Once datasttaisneited by ¢hy tmpsceiviee / tranesitiet (fduexargpletriodh 1tih&Figure

1 s A B i SESOE o5 BB GRGRAe A nedes 2and 3
ng &geg;k %%ﬁ_ﬂq@{ gransmission is a repeat

tag et al of which will not be described
as they are not relevant to the present invention)
followed by a tineslot during which positive
If daé% freve Ergenstinn g a%ebedtw% &PE h}éa t@ylswéer/ receiver, then that

trandbRIRFRLUELL LAFRLNGRS, neb IO DIl S Ot dur ] ng

negati ve ac enent &hsmitted by
transcelver/receivers The structure of this frame is
shown in Figure 3. 20 As described above, a
Trarfeeiver4tedetyers wlmmqsﬂwa ankdowledget will transxaﬂyn speeiel

codel P e e e o rOp Blet e BFleT Ry RurgE thefedhgive acknowledge

timedlbRASREHhQ Teddife Hﬁ&&nhﬁn?ﬁi@‘ﬁ‘ahﬁﬁm@ﬁﬂ' i RbfGkedN dr GRSt
he data portion. This w1l be discussed in nore

inferttgthats| (if IdatminantTh enferiondits| age ssefl)r i ng whi ch positive and
25 negative acknow edgenent are transmtted, are fixed
in time. By coding and redundancy of data encoded

Sumla@éro traR§8efret ) f@@éb@fs%sﬁn?@é hE% it eBEXANWWEAGRFilleii¥r

nmore transceiver/FPeceli s "and a negative
transogik ntfatledgm(eﬁﬂorhmanhé irferiombits are taed)ogireenive @odomiant bit
of the device |nvoIv din the

b
transpigsien i3 ﬁq?ﬁ%@edwat theposKive ack edag el ;t PR dpperit a
spectaPeoffe %@%ﬁ%&h&gﬁ QR AR}, Once at( ?or

trans he transceiver /fransmtter
exanpl e node 1 in Figure

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

1
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1) is received successfully by the
transcei ver/receivers (nodes 2 and 3), nodes 2 and 3

wi || acknow edge successful receipt. 5 If data froma
wWo amsarssiion is received with error by a PCT/AU2004/001053
transcei ver/receiver, then that transceiver/receiver
wll transmt a negative acknow edge.

Transcei ver/receivers wishing to positively

acknowl edge, will transmt a special code during the

posi tive acknow edge tineslot and during the negative
negaitvaanknevigs gettmesloteeidoietedt bny bits Hue to theaither (i f

L I KTNERT IR —

ack@mehaf tidhesiot AABE b VREd Ea%gﬁg ?Js_qomm&iﬂcéi{?%ﬂ) cqRlveyel y
[ tr f f

acknow edge w el t her smt inferiror bits (i

trandmiftingatnegatiné ecknowlédges are used) or receive (if
dom nant bit 15 transmission is not used) during the
positive acknow edge tineslot and transmt a speci al

i . t i ' -

A+ o5 (R RIS IR SBINESETOIARAN ok FEF B
negathieCltkhtwledges tHoé wetd, allshéyt hdvego kAORUE Bt that wate bdige
end of two tineslots each device has detected either
posifige pod sengdegalivowl edges, negative acknow edges or

both and can therefore determ ne the overall
acknow edge state of the network. For exanple, the

If thbFeaR&@Riny e legh BECARAbWIMH g2b at élﬁﬂﬁfﬂi% theATiRASActibé Sthen all of the
acknowl edge wll be able to detect sone other

trangqeites Creceieysrkawm this, anfdicam discandsthe detereneiyed. i Simil2gly, the
tran§ AP et Bhout B BREc sl OB yE R st Fopiichon.

positive acknow edging will attenpt to transmt
inferior bits during the negative acknow edge
The gemarstion obaposttive ackeowrdedgeomilbemas follows.dUpon sedehidng data, a
other transceiver/receiver which is sinmultaneously
nodg Wgﬁg?ﬁﬁf?ﬁeﬁgpwvfpﬁaw@ss OE'lyd@he‘?juri ng the negative
ac KRV AH $endsidTBat Blen dHREKId \Sra0a% Gs WhPkadaP i RRhell t S

are not 30 used, the transceiver/receiver positive
ac kaquéredginddownd ko bevadidsenduring the | WO

Zoqgr/q? %ggrle%suggCT Jéiérunzxe(\)t?ér{ 81%%6(:)115’(3;11 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.

10
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negati ve acknow edge tinesl ot and detect any bits due

to the other transceiver/receiver which is

transmitting an appropriate code during the negative

vao kovomdsetige tinmesl ot. The reverse case appl ipesaberodviess

transcei ver/receiver transmtting a negative

acknowl edge. 5 At the end of the Transaction, al

devi ces do not know how many positive or negative

acknow edges there were, all they have to know is that

there were some positive and sone negative. 10 If
Othehearéatigos arepgssipde dut thesethremad drgesety pas amlused as thedastsdor

Transact transcei ver/receivers

e then.all. of ,the
oth%%%qﬂpb{sﬂsﬂggegﬁreaﬁ% 6% data recei ved.

Simlarly, the transceiver/transmtter knows this and
can attenpt to re-run the Transaction. The generation
Useof the postive acknawladgelieagpéulvs i ploides ahaldditivhal tdetainty to the

receivi data, .a__15 node w || generate a positive
funféww@ga BeHy- IH{Bhexarmble. B8 (T RetonasY Gensmmitebdas not
recef R EAH ADRIASIAIE?, ORCAYS LA BIR bes RECKENGE 2N
ound to be valid;"and -any a gfe33|ng 1T OF At T on
neggttveseiRhowiedgb éroti@ by tievies lindre e betingy thaddyaksvidgeceived
i nformati on used by the device. 20 Each device
the gransmisEPyer generally contains at |east two different
types of address, as follows: - A Unit Address,
all ow ng the device to be uniquely addressed in

It willssd ipredated Mdwevéy, Mt&h@p@eﬁtiﬁﬁ&iﬂ&%ﬁdec?g IONbINGsdRS & the
devices in a network to be addressed

broadesh aspected thsl presesyt inveatipnr Purbemnongpthatrioniyive hakraavledge
etwork wvarid abl es. In addition, devices can also
coul] SpPRREa 1S hERiehine BRBhAR " aacr ese. al | ow ng
physi cal devices to be grouped by the | ogical network
to which they are all ocated.
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.

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 acknowled ge
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

L
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to WO 2005/ 015811 PCTI AU2004/ 001053 O her vari ations

are possible, but these three address types are used

as the basis for other nore sophisticated addressing

vee ressiiUse of the positive acknow edge i spusaiuplosdmoss

it provides an additional certainty to the 5

functioning of the network. If for exanple, the

transceiver/transnitter does not receive a positive

acknow edge, from any device, and then does not

recei ve a, negative acknow edge from any device, there
as 4 Gangceiver Atsansiytten e tranggeiven/reeivescwilledronstinected in the same

I S| | L il appf.eci at however, that

way RRTSEA BFLratly Srhp e rRRofBRAEBedihun ey s brovides

sigiifieattesvings petie BinpldetyRiS@BE of MMREhEARe sy éxﬂg bR %Fpe of

the positive acknow edge could appear after
deviigegeesl \be designedind genufantugedocesses i nvol ved in
generation of a negative acknow edge are as follows. A
15 receiving device (transceiver/receiver) wll
The@S1eRE RSN PIARSRRHYE oPHENPIME40&6 Ak 1g6 usds ag?tf(faeceiver a
timeslot i's determned to be corrupted, By c]iﬁ_ec Ing
radioHeansegtien eud daniarapgbeegsort ITheantist ted itéma o@n ope6ially be
mz)e nce. \Were A devi ce determ nes data tinesl ot )
COmPRYA A BAISTRIEF deredverd 2Ppsshopiipfigure owhichmhawsglevice
100 ﬁ{eyudmgIn%rdp?§éeeg§ogtylat§ﬁﬂatrﬁangm?&'/9écF-vé9fz%°.t ance of the

data transmt e transceiver/transmtter is
Tramsmhijtervirdeeivar 120 emnbmits and irve@ives el e hitehha LBE

condition for generation of a positive acknow edge

are net and if no other transceiver/receiver has

It wgﬁlﬁ%@rﬁéaémﬁ%é@b@ a ?191‘5%%%8—:%90%15 fi3: nglé atﬁrgrz ?&3%"%’2‘% the

anscel ver/recelrvers receive a (I

protoasleouldive inpslemiented ih iapitdidatdteins@afed clrBhig aProgiBRMable
.that a message is_ discarded gy a _
logig defriee 3/ RrogramEIable gatesuay | Psing aumiscenrocessdt i camdeniers

POSiLi 4 n _practice, it is

becaBBEitISRIeN BELIAMORIABe sof Bl Pl Rndane =Fid estrces e

overtll pasagBuiaHowevel thesoTaade inlpadm &a&torti bhesuitable for low to
(general | %ésr eferred to as a "transceiver"),” whether It

modgrate data ra

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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WO 2005/ 015811 PCT/ AU2004/ 001053 as a
transceiver/transmtter or transceiver/receiver, wll

be constructed in the sane way and can be separately
weoaisedstio performthe desired function. ThisgTauomdesss
significant savings in the conplexity and cost of

manuf acture since only one type of device need be

desi gned and manufactured. 5 The preferred

i mpl ementati on of the transceiver device 100 uses a
radio receiver, a radio transmtter, and a

m cr opr Bogseducts Witsebfdadstles wppeal éns raege af pbiutniek) iy is

be conbi n s atransmtter/receiver 120, as shown
in Fi ng’(e?Slife %HF gavesy] éaégra%W@é‘iHH%d fﬁ%mam@neec? to be
m cropr { Mdeer/ receiver 120. 10

Tr ansm%?%@?é%ﬁogég&%gawgnsmfs and recei ves data
via antenna 130. It will be appreciated that use of a
m croprocessor is not mandatory. For exanple the

pr Bt oc dPowessoaswaptismpia renuaefiomwith@agiotheragnsiderations that
integrated cirguit. a [0 gwammbk | ogi c device or a
progra %rlr%mﬁ eealgf"l’%@? |eﬁav%l %roprocessor is
conveni ent 15 because it allows a readily nodifiable
software i nplenmentation, and reduces the overall
parts douexampleweansmittes/ wodivevsveth apighipowert donsuinption
only suitaple fa 0 0, noderate data rates. The
functi d?% emﬁll{¢%ﬁ¥??t%?/@§5%}°@er 120 is to receive
or transmt information. 20 The choice of
transmtter/receiver will be determ ned by a range of
f act or STimierfct theitragsimiter/ repstvel towitch batveen recEive and
regul atory environnment of the market into which the
producttr%\% itmpdes o) g. 25 Each country has regul ations
that determ ne factors including allowable
frequencies, transmt power |evels and bandw dt h.

Tr ans mih ke danemanication puotbedd|of tliopressd inversionpthe time to
countries y beille

al
switch between recelge 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.

1




30 in other countries. WO 2005/015511

PCT/ AU2004/ 001053 For products with a broad sal es
appeal in a range of countries, it is possible that
wou@salssdi fferent transmitter/receivers w |l lpareadodi®oross
be selected, appropriate to each country. 5 b. Power
consunption, in conjunction with any other

consi derations that determ ne the anount of power

avai |l abl e. For exanple, transmtter/receivers with a

hi gh pogﬁe consunption, may be unsuitable for battery

oper at i tHaRSpittas/ meceivgr n@‘?ﬁﬂé te suppeit atdatd rem:q»pmprmm to
switch nm t._nodes. t

conmuni (k:&gét el‘\%ér':rg% ﬁ?%%%?e%&%fr}%{ %ﬂ?ta rﬂﬁ?éﬁ?i‘ﬁ?? ere
time tobéﬁv@m&@ﬂénﬁ@}lﬁﬂe&éﬁ&ﬁldﬁ d transmit is

i nportant, because t'he protocol " includes a set of

fixed tine slots. Dependi ng on the overall transaction

bei.ng perforned, a tjnme sl ot need_tqQ be received

> or it ranghy‘cflfﬂ%.lze’ "’W‘f&}\e aﬁ%"%‘)g%%/at e@vatablet ween receive
and transmt constitutes an 20 overhead (dead tine).
Large switching tinmes have the effect of wasting
bagdw déhst-d. Interface type. 25 Many types of
transmtter/receiver are available. A type that
provides digital data input and output gives the

}) SI{ID' eSAnid‘lﬁl@bféEﬁgrY\Mf&tt he mcroprocessor. e. Data
rate
10

At the very least, the transmitter/receiver needs:

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

communication state onto the wireless medium;

15
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
} 20 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

25  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,
30  Chipcon CC1000 and Nordic NRF401, NRE403.

't
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WD 2005/ 015811 PCT/ AU2004/ 001053 The
transmtter/recei ver needs to support a data rate
appropriate to the overall product requirenents. This
wiabesomse coul d be anywhere between extrenmelcy/Auow001053
extremely high. [ 5 f. Physical size, and the anount
of space available. g. Cost. h. Anpunt of design
effort. 10 At the very least, the
transmtter/receiver needs: a. A Transmt data input,
used by the m croprocessor to place a comunication
state onto the wireless nedium 15 b. A Receive data
ou.tPut, used hy the tran rritte{‘/recei ver to indicate

TheggicrnTaceHe Hiito uesdpimplrngit dhecomumicatipp reigeol, using the
tran%%té%ec@mr Gs t}‘é i 1 ré)g kglégﬂ‘%&fﬂmﬂﬂﬁﬁﬂag&%%@ﬁs gﬂgomthte wireless

m Croprocessor to s celve or
meditdeand repiing tanmuhidation ttataSibmm tthe Wirelkes ¥Rdiukont r ol
i nputs can range between very sinple, and very
conplex. At the sinplest extrenme, it is used to
e . ecej a ansm.t.. .Sone. .
The i Eld BRI iR TS edIE bl A5 Hhlirsl o ded payt cam
perfORf @pefdthal it prwse afvhexXTROdSbY Bf BieeisfoR il PHERIS t8be
to be made for transmtter/receiver operating
enouglihtpaveid creating bitieeropy ivttbe gdmosdeativagrotdeel. t ype of
control input is not critical. Some suitable
transmtter/receivers include RFM ASH series TR1000 to
The pEt6E6Lis bR ifPleRtdfed SR NN oABAtetIOhirfer, VREARL thiRNAR3 the
2005/ 015811 PCT/ AU2004/ 001053 The m croprocessor
point abwihichuthe dintaslptnpegingabe ehsilyomoognisesiat i on pr ot ocol ,
using the transmtter/receiver as the neans of
pl aci ng communi cation states onto the wireless

The microprocessor is responsible for implementing at least some of the following

functions:

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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medi um and recei ving conmuni cation states fromthe
wireless nedium d 5 The type and choi ce of

m croprocessor is not very critical, provided that it
Ve 2005/pEssflor m operati ons with preci se ti m ngPCTA®2004/061053
degree of precision only needs to be enough to avoid
creating bit errors in the comruni cation protocol. 10
The protocol is best inplenmented in a bit-oriented
manner, because this allows the point at which the
time slots begin to be easily recogni sed. The

m &r oprloepismentationrad ap enorr sprmedtinn scherne thed cambe aged by a

| east sonme_of the follow functions: 15 a. A data |,
encodi TS AREEASYAH GOEHARESRE ARBE §hrasrivRckrreors diin 2
recept i @hamikQbn €xanpl e, Manchester coding; b.

Recovery in the receiver of the transmtted cl ock -

for exanple by synchronising onto a preanble; 20 c.

Det ect.i on of collisions; d. eatiop of each time
As preygpusly descriisdop common msg@ﬁ%%ﬁ%‘ﬁnbmgﬂb@ fpctigns used in

i NG I-AR Shot I
com i Siohlifok.E Lty AYGIANE, VAL §LEHOs g b
on tleis hrdedl Btraxe marlaserlycieudd vinplifies e overd dixigh. Using this
receivi ng device to determne if a transmssion is
modeb g fragtions peréprmed insbebotdendew layeas @ showadoSipwsd11
PCT/ AU2004/ 001053 f. Inplenmentation of an error
correction schene that can be used by a receiving

The f@dtopfocessot BhfBoireiRbvitiestheietbadal e RREPHRHCR 144
during a transm ssSion.
The microprocessor software performs the functions of all higher 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;

g Reception and decoding of frame markers;

'
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5 As previously described, a common nethod for
descri bing the functions used in comunication
protocols is the 1SO 7 |ayer nodel. Wilst a software
VEQ 29801580 based on this nodel is not mandatromaU2004501053
use sinplifies the overall design. Using this nodel,
the functions perforned in the bottomfew | ayers are
shown in Figure 5. 10 The m croprocessor hardware
pr ovi des the electrical interface (Physical |ayer).
lgféil_lrocessor S ftvvare perfornms the functions of
hlg sticular, the software MAC-B
portlon of the Li nk Layer i's responsible for all 15
time - critical functions of data transm ssion and
reé.ept i Starting@chdintdslel ahg@ast some of the foll ow ng:
a. Starting a new transm ssion (including generation
of any prearrbl e); b. Transmitting data bits; 20 c.
Transmttin ane _markers; St.ar.tin ecepti on;

]a Sync r 0 Igusgltonooﬁ TEPgOnL dﬁ%?ﬂlﬁﬁagﬁé‘ié gt r eam
and cl ock recovery; f. Reception and decodi ng of data
bits; Recepti on and decodi ng of franme markers; 30

The agfhme%m&-ﬁ Postian csfalﬁ/e AZODAY @ (40830 thme ddtidal i Itas fesPonsible
a.,collision; i. Startin eac%élrreslot and 5 j.

for KRe IR Sy Bhrorlent BT HESUhE, SR IBE oL RHsoBE Of ¢
sLat. WnsholhyRbea PRKCFABA fdcOBedbiafalifitsl| Nk Laver s

not so tine critica I's responsible “for higher

| evel nessage ori ented processing, including at | east
saone of ns ction of a packet fromreceived
data b|Pta§€et error c{'Leclf(m P

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;
8- 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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10 b. Packet error checking; c. Determ nation of when

to acknow edge, and the type of acknow edgenent to be

generated (using the tine slot services of 15 MAC B);

VIO 2B588811on packet structure, schedul i ng anaCBpER@M0@N53

of a repeated transmssion; J 20 e. Starting the

transm ssion of a new packet; f. Generation of packet

error-check sequences; g¢g. Transm ssion of a packet,

bit at a tine; 25 h. Exam nati on of acknow edgenents,

and collisions, and determ nation of whether a packet
Mangrdifferenb icteprocgssons aneayaialde. whame hivest spegial hardware functions

. 1 SSi houl d . WO .2005/ 0158117 . .
availgb iy AHORROBE Soge Of AP areP e Brt ontEpo prial Sutiong sych as
gene?&ﬁd:)ﬂll abkiBe muﬁ?fé%l%} gé‘ﬁ‘eéﬁ&? b?ﬂ)ulﬁk.%g M£@oﬁ.um&fs9?%se hardware

aval | abl e nove sone of the processor ad for
functioneaemadt inpaidafarpcthense geeatly saeplifiesthe adftwareadesignnand

intervals, generatiqn of 6pul 1es, and so. on. Wil st
codipgie SR RTRRF e o1 Bt arsuiblefor usfRdRisdryentiondneludg the
Texfl it ets NRAPAD EmiPeASRA MEeEa 431000 AL Bt G T 3644

Oome m croprocessors'that are Suitable for use rnthrs

familypvention include the Texas Instrunments MSP430

famly, Atnel Atnmega famly and the Hitachi H8/ 3644

famly. As previously nentioned, and according to a

A ' ' 10 ial ..
e AL AL NSRSl B PEN  RUE R BBl i,

spechEiatkérs greunddan thTranbactionas skl ehd Bipginfingaha epdrdfivag
in the Transaction frane. In the protocol of the

varighleleagth dafp pertiornin the Transaghinsy frame. to fix in tine the
end of the

In the protocol of the present invention, it is important to fix in time the end of the
variable portion, because this forms a reference point that defines when the fixed
time slots can begin (for acknowledge transmissions). According to this aspect of the

invention, use is made of the concept of encoding data to provide “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).

¢




10

15

) 20

25

30

vari abl e portion, because this fornms a reference point
that defines when the fixed 15 tine slots can begin
(for acknow edge transmi ssions). According to this

VEQ pWEM1SBFL t he (invention, use is nade of th@CTANCEPNO1053
of encoding data to provide "states". It is desirable
for communi cation nedia to require sonme form of

bal anced transm ssion to avoid accunul ation of a dc

of fset. This balance requires that the 20 nunber of

a F states on the nedium be_equal, when
Th%?@?é%&oae ahways hgpa st Bapgitipn (@F@tq@Np@r Oblito PHE) i the
; [ t can.,be used t
midHIE of oA TR bR WIREF B SEETEIG DReck M0 RSl B pPtate
recdveey and ayychiranisgtiorsorab thdhgahantiwi dicak t hey consunme on

25 the nedium and the ease of recovery of the
transmtted data in a receiver. One of the nost compn

' [ [ . Ehi ' states on
In thE NHARRCES: s RE SR mel sy Ol iR, Qi Fertleed
process for data recovery in the receiver. This codes
albit as the state pair (OFF, ON), and a 0 bit as
ThelYanchesies cpds gan(berexplotteyl, so Bat the illeps s ibg4ids are used to
P L2004/ 001053 . The Manchester code al ways has a
comsr% eort“}aghoﬁ %08 p?’ﬁt—sl'—oeftségrﬁﬁizmﬁ? ONto OFF) in the
m ddl e of each data bit which greatly sinplifies the
process in the receiver of data recovery and

Theeyactishoiok obthiedHegah siate sequenanis nit vey ivlportknt, Bo lohgl &6t is
F, OFF and

nchester code, .th tate pai OF ’ , ON)

used Rt FrR{efey. e 3 SrBrRe e archederecding Heould be

presgmdoited, so that the illegal state pairs are used to
convey information about points of significance. 10

The exact choice of the illegal state sequence is not
ortant, so lo [ used consistently.

very | ng.as it is |
A S%‘Ea@/eeﬁo 1§/t feREeseRd %P’g‘ﬁ Egt}t?fvaFﬁbleIMEﬁléQf the teansimigpion is to
i | ' represent
e G BER RO O SRy PR Bt B Bore
and tan 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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15 use a sinple illegal sequence: (ON, ON, OFF, OFF).

This preserves the dc balance, and can be easily

recogni sed by the Manchester decoder. |f additional

Wo2es/mg8ilon needs to be conveyed, this sequectATC@ 01653

used as a "lead- in". So, for exanple, other possible

sequences m ght be: 20 (ON, ON, OFF, OFF, ON, OFF) =

first point of significance (ON, ON, OFF, OFF, OFF,

ON) = second point of significance Wen the nethods

and advant ages are consi dered together, the preferred
Furfesingee the Irighitime-bassdtprecigion i‘i'lsfibgingdhé emd efithe variable portion

oSS PREL BRI AP RSl B2EA e 5P o
thattfBRowd w@m@aqpfl%f PleQisk O BGtait ﬁ'gg!&tr Kﬁy &hd 8h hfm'aﬁ{ﬁ' g%) is

precision infinding the end e’ vari abl e porti

showyg in igare el y easy to inplenment, renoves any reliance
30 on characterisation of UARTs, and does not need
escape sequences or bit-stuffing. WO 2005/015811
The B<T4 AHROG - %ok HidEaRased
epr eci si on%%géllé)%g?'rﬁgdﬁ%ﬁgﬁec{ﬁrg{ng?lytbﬁgmg}a}gﬁ%%ﬂeg@ %‘%rntu?‘gﬂ states
or bits. sthecreeeived timesloth réquiad a Manphesedrsieatddr Twilbbar fHelticed to
the start of the fixed tine slots that follow An
suppars the illegal states) pael imgr iy the caseawhere nptting istdansmited
- C j 1 Ny igure 3 1 5 The fixed tine
dur‘g{?gﬁﬁ%’é‘i@éﬁﬂé’?@ Fk?e\agn)té‘h‘?tsf’éd, sinply by counting the
transmtted states or bits. The received tine slots

require a Manchester decoder (wthout the need to
It widl hegaderstped that dhpabayedas byen desgribed mitbyrefenendedo agweferred

e vebpsn desaribed wirrefemencednogs
e B thaldo ey A b ot e o Btandf g e

scopaloHt: praseeeren@iencr i bed with reference to a preferred
enbodi ment and that many variations and nodifications

may be nmade within the
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scope of the present invention. 21 Cains: 1. A
met hod of providing a markgr in a data tine frame, the
nmet hod i ncluding: encoding data bits at a particul ar
point in a data sequence to provide states;

Claims: generating a state conbination that is an ill egal
conbi nation; recognising that illegal conbination as a

: to.cl ai

1. ATHEHES Rgﬁa%ed”?ta”ﬂ%w%ﬁ@s% dolEcise e, She metiad gl
o{o]o) 1 wherein a dc balance in the

9”003 ﬁﬁﬁfﬁ‘ 5@? Bﬁa Pé?t C@%&@Wé&a data seqHangsdo sEe\idelsiaies; o
claim?2 wherein the illegal conbination conmences with

genegatingapstateearmbisatior that rm) illegalaramignation;

recognising that illegal combination as a marker.
2. A method according to claim 1 wherein the encoding used is Manchester coding.

3. A method according to claim 1 wherein a de¢ balance in the transmission is
preserved.

4. A method according to claim 2 wherein the illegal combination commences with a
state pair of OFF, OFF, or ON, ON.




