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METHOD AND APPARATUS FOR W RELESS NETWORK EXPANSI ON
FI ELD OF THE | NVENTI ON The present invention rel ates

w0 ooosloetstd el d of wirel ess networks. I n one forpCT/RE2003/000293
invention relates to the managenent of a wreless
network and the nobile network devices therein.
Herei nafter, mobile or wirel eks network devices are
referred to as devices for convenience. It will also
b nveni ent Coi . . . .
BEESR hGB AR ARATUS IR WWRELESS METORI EBxPikSIoN
use of algorithns and protocols for formng a wrel ess
network dynam cally, detection of the presence of a
MELDOOFE, THE INMENTIONg to t he network and access

g:s;1gfg‘%uﬁfﬁsgﬁ?ﬁlﬁvéjl{}p\%hﬁ%eg%r@gﬁ@ﬁlok%ﬂ'g%l%g%%it\bgrks. In one
6 th® Wi Hiion RIS to tHe RlPldlg@nikhtadTPs efitealbed neddrk and the

the present invention is not NMmted to that use,
noobile NBACKERASNIN®SF theHEin. N\VERTIORf &R nakilee pegiireless network

twor k_pr ot | y. on Ti i vi sion Ml tipl
ARIcER e PR I Btic Bt BRaveniRfbdt ons. bt ween
di ff gf gifl ykoHebessofeyhiens toEkargihaeardeschbe the invention in

Bl uet oot h and DECTO§Di gi tal European Cordl ess .
reletien denfoanagemen; of gewirelesatnewerk with thes esensf @igagithms and

e .S:alloc f r 1 5SHoN ;
ReRo o Balrmi Brfislos? ekt [@RRIMERIE] dstection of the
predeidecdfl & meheoek, neyrichrosizingl tp the metworksmt acddss techniques,
devi ce n transmt and receive data ip.its given .
P WRICh FAY DeaaRIEd okl deyices whichl Wi iay, ghrate in
d Sefiiork eRirbARerd4 fgbﬂ%‘%ﬂt i shelildBECApprédiate® thistefe present
for transmssion and 12 are for reception. A device
invertioa iDBCTiniteddodhai eseaswilgned a fi xed tinesl ot, and

it my transmt data in its assigned tineslot. To
synchroni ze and all ocate tineslots, nost networks have

BACKSROUNDROF THE INVENTIOMacon and al | ocat es
resources over the available airtinme_ The master

e pr Mapswialessapetwark pretesgls @l Panlime Qf“d?'ﬁ’@l'\ﬂuﬁgze Recess
COPNAY BRI, FI=LGm e DOV BARIER) idss cevis.
EXangués yard mo@N cBloatmtht hadi MICTat(Digital s Eurestan Cordless
Telecommunication) specifications. In these methods, each device is
allocated a fixed transmission timeslot. For convenience, fransmission
timeslot is referred to hereinafter simply as a timeslot. The device may
transmit and receive data in its given timeslot. For example, in DECT, a 1-
second time frame is divided into 24 timeslots, of which, 12 are used for
transmission and 12 are for reception. A device with a DECT protocol is
assigned a fixed timeslot, and it may transmit data in its assigned timeslot.

To synchronize and allocate timeslots, most networks have a master
that transmits a beacon and allocates resources over the available airtime.
The master may be pre-assigned and all communication accordingly may go
through the master. In such an arrangement two slave devices may not
communicate to each other directly, in which case, the information is first

relayed to the master.
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relayed to the master.|n contrast, Bluetooth does not
pre-assign a fixed master. In this instance, the

walewsoetsahi ch initi ates the comuni cati on becoP€FSGH®©3/000293

master. Any ot her new devices which enter the network
may then becone the slave in this piconet. There may
only be one nmaster in a pi corfet. However, a pr obl em

with timng synchronization may arise when 2 piconets

thin th it f h h
" oul by comipst Sieolb lors, NGE AEHSER & 9eAcTPRneAn this

sf%ﬁfcb' Y AEvide\WisiEn hﬁﬁ%ﬁé&sﬂfeoc&ﬁnﬂlrﬁéé’ﬂb?\ B@E@fﬁés'tﬁe master.
pr conet s a

If‘wo Separate ve may have to keep two
Ary sther rtewrdegceslwbm’raenm taen detwwrl«rha}omembecmme thmlave in

lmng d|n to the particula netvvorktht Ht
tﬁp&ﬂnei Thay ol 46 QBRSTIESIFTOM G0l owever, a

?&ﬁ%thﬂ X%% Km%%%n'rﬁa)% @rﬁeﬁpﬁéﬂ\ f E@bh@fs tSme within
i nc cf X

in the contex the invention. It
thieo Nimhltwtofbeachkeﬂneas (soattemsts s reﬂulh) hat Thigy stteatiore may be

Qn%hpﬁgl a!fél edwhﬁﬁg%rbt@ggcféllérhg?\ﬁ %gpégé%?giﬁté) Il]é\}%emember in

th"%@BQfeﬂe Piceh&sWhahe emver mkg Rage ttbekesp aniol yetdae timing
the di sclosure and clains herein. An object of the

npfcermﬁrpn. ane switeh b@we@npmm tvamug%faﬂcon@ﬂad@ e particular

Wﬂé%aﬂg cﬁﬂgba\g %‘8{?"‘9 a w _reI ess networ k. A
€ present inventionis to
al | evhny ecgﬁéuésﬁﬂstofodecmmeattvadm&m,thaﬂs oaykimvledge in this
associated with t rior t. SU O TH
sneeEieRtion ¢ m%ecgﬁgaplam the 59%@4: ”}ﬁ/E‘P{?PEH” It should not
?Bﬂeﬁj\eés andRindisSibANRSE 88) BN 1HRARIREidI36MAS af PArt bF thdYrior art

st device connunlcatlng In a conmuni cati on
baaste/vor lthe tchenndan genecalstnavdedge padketrelayenh@ardisf Singapore or

Ahenhrecen GERpiecs 18P PR nf S i cisblenBls SRS, Mtein
for iMgndnjéot oUtH Prédamsinoéntiviizeto rovidet hyusefeldnisthod of
the first device; neighborhood |ist for identifying

mAaBagiae the opekationoeiea BinkEssMetwsltot in the vi cinity of
the TAIBknde s tfbgsth%egrbs%'ﬁwmﬂmpors d BNETRaf RNebkt one
nd SO er t

a secon evi ce a S to identi e at

. disadvariage thdienay beeskotiatesi \mtlartfheabher ar a receiving

third device.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides a data transmission
packet format for use by a first device communicating in a communication
network, the data transmission packet format defined by fields comprising
source device ID for identifying the first device as a transmission source,
timeslot for identifying the timeslot number currently used by the first device;
neighborhood list for identifying whether at least one other timeslot in the
vicinity of the first device has been occupied for transmission by a second
device and so as to identify whether the at least one other timeslot is available
for a receiving third device.

In another aspect the prese-nt invention provides a method of data

encoding for data packets in a communication network, the method
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In anot her aspect the present invention provides a
nmet hod of data encoding for data packets in a

W@ eomedseat i on net wor k, the nethodconpri si ng tPeT/SCH03/000293

of enclosing a data byte with a start bit and a stop
bit; wherein the start bit conprises a first
predetermned | ogic | evel of & first predeternined
duration followed by a transition to a conplinentary

second, predetermned |ogic level of a second . .
peraREsBEAcHcBs Phensiosingha difarkyte wikeasstap it end a stop bit;

KAERGN RS, Self i bR TR BRI T ipic, RBlof b first
gmwt%rrmm%irowrémn fcglogwetdbyea rtiamﬁTh idgogj @ bew?!nnﬁntaly second
ourth predeterm ne uration. e data encodjn i
PERtRINRSD flegie Havel i SesPRY RIREStarElaed dusaligth raych herein

e , " . C L | _
BiePrdof b ofiprks ckile, Hheckieitingd ol AgtaNIged i
picdetdrmanga yduratibrd foloviesd day bBntransitibertoaspeomplimentary fourth

Brspiasingy bl Riel oA It Prefetunrs CMPot hod

conprygé aatd @ﬁc&iirgé;ﬁ”né?ﬁoﬂi REfUrhSr %oﬁ{ﬁfsﬁl}gsg@l)%tbpgbf 8ending

recei ving device by timng tthe duration o _
s istarb bitl priggto mendingeibei firstibd arfa paylesdi datadytecsending@ stop

t.he. state.of ,th et ving, devi, ¢ n detecting the

%'F aﬁ?r i‘,%réﬁ’ :[h% %S{ﬁ@ﬁf? pﬁgfaéjv%t rb&?%‘ t he receiving

devi cigy vdidtiert Gasheeri the Presentanibvertion pRvlided @atrdethod of
transm ssion in the formof a predeterm ned | oqi

- - - - » C - .
ehEenizine deyigesder eymimicaiing ina neiwsdl, bre mRhod comprising
Cc n 0 éllgﬁ u Hg; 1N . ..
ﬁage 3 ér% ggkgﬁ%g%i C t%gﬁgﬁ lly%ln’QP%o as %b s%‘%:'ﬁ?obﬁ'i fiping the
duretioeofiaviogiy signaldevel orh aokelseivededatadsansnissionnghaiging the

SHAtFoRt 1o SRR ABB AR HEISRBRI NS Sy B, o a walt state

whéRifithd YeBelvine abticel Whitd tbefReWe thelQthk of B Fayload data
conmuni cation network, the method conprising the steps

teansnaiseioni ingthe derma of ranyelelermingd dgie Heanmtiowr adjusting the
RN 35° U Tt el 2T BARID, sgan copecing the

gredetdriminethlogid transitibisss®as t6 egnchionizd tiee readvingdevice with
nei ghbar hood i st for an unused tinmeslot in accordance

qihehdavippeRAsHng Hisidaigdrangmissispakihip the BEIWATE- as to
LSS?E'EI?@BFES%H fahfod alddHehRiest & nidtRod & Sly¥hRfically allocating
a timeslot for a receiving device in a communication network, the method
comprising the steps of receiving a data transmission from the network;
copying a received timeslot from the data transmission; copying a received
neighborhood list from the data transmission; searching the received
neighborhood list for an unused timeslot in accordance with a predetermined
logical search strategy so as to locate and allocate a timeslot to the receiving
device.

In yet another aspect the present invention provides a method of
providing network access for a device adapted to receive data, the method
comprising the steps of receiving a data packet formatted as described herein;

processing the received data packet as follows:
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In yet another aspect the present invention provides a
met hod of providing network access for a device

wa@daphes24 o recei ve data, the method conpri si nBCT/R€2003/000293

steps of receiving a data packet formatted as

descri bed herein; processing the received data packet
as follows:copying the recei Ved nei ghbor hood 11 st;
copying the received tineslot; formng a network with
the device and the transmtting device if the device
does FRRYIMKihe racpives) 'bqiﬂgﬁ’ori\?@%i Iés‘{;’not in network;

det ergbg}gne@t@%gi\/édati&ggg{;i on of a tinmeslot in

accor wth a nmethod as descri bed herein based on
t he fforintnyg agngmedetvethhitine dlevice endatheajransmittieg dieviaee if the
is not in network and.its ID value.is ] ess than the

PR APes NApha ARY NSINBOT FRGHS LY BEWAHKe al | ocat i on
of a §ERAINR o Byndrhid BRoERIF S & HiRksIbD if ddtRfdariid with a

the transmtting device Is in network, performa
ohetizod as desaibed leredf based ovdhe following predaietainiedecrigiia:

the transm tting devicge are,already .in net wor d

not p@k ol deER i rEOQ[a'Inl 88&?’9%%% 't\s {[?r?éajy%t'.s k'?ﬁs than the
RAU RN PEOREL s 1D EpBIFEFSE Bl dyritrhieldIlRRafé P vF 8 efesiot;

protocol” for dynam cal |y expandi ng a network _of

;:olrmuh) fathendevieaiiserot imaeiweroedd tenmpiansmignghdevice is in
VIR P o i BRI BR bt AUREREt 20T U and (e

devi cg) if thendevicer @ndl ahe ranexiittingadevice gaealreadikin aipetwork, do
wherein a device's transm tter and receiver are

Mﬂﬁ'@lﬂ"@d&'ﬂﬁ@ﬁ@mpoﬁﬂf@gfﬁp?s@éan, wherein a

devi cgy Brpffe! ¥8hett 1" FUON S | ehB6RT YWt Bidddcol for
it scans for transm ssiohs from ot her devices; listen,
dyresmeicallya edpandiagi 8 a¢tworkit efd cammumishiing dewass; dhezpebtocol
to the ti rreFI ots Ofta?t hef devi.ces, and such that the
CRIDPEEIng S Tallquing stafes ot ORY8BBY ating during its

al | ocgbgsl wheRsl atdevicy §itansyiReehRd decivércard ibactive and the
allocated a tineslot wt hout bei ng synchroni zed to the

devies isovaiting fotaeexigaaldagaamd, such that the device
wake up, wherein a device’s transmitter and receiver are enabled by an

external trigger,

scan, wherein a device’s receiver is continuously receiving such that it
scans for transmissions from other devices;

listen, wherein a device is allocated a timeslot, synchronized to the
timeslots of other devices, and such that the device only has its receiver
operating during its allocated timeslot;

normal, wherein a device is allocated a timeslot without being
synchronized to the timeslots of other devices and, such that the device
transmits during its allocated timeslot and receives during every other timeslot;

network, wherein a device is allocated a timeslot for receiving and for
transmitting and synchronized to the timeslots of other devices in the network.

The present invention also provides apparatus adapted to format a
data packet, encode data, synchronize devices, dynamically allocate a

timeslot, provide network access, or provide a protocol for dynamically
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transmts during its allocated tinmeslot and receives
during every other tineslot; netwrk, wherein a device

WO so0alobaseat ed a tinesl ot for receiving and forPCT/SG2003/000293

transm tting and synchroni zed to the tineslots of

ot her devices in the network. The present invention
al so provi des appar at us adapt%d to format a data
packet, encode data, synchronize devices, dynarri cally
all ocate a tinesl ot row ge netwar k acces

XSG & NGRS 8P ceslossh BRTIR: 39/ APRAIRHS aclHdingyrRoessor
Aeafd 585?@9 r@e‘?ﬁaﬂé msagic%ré‘é’rﬂ’&i Wi S preabtthiiSed instruction set,
nean te th

processo to operate in accordance wt
Saigh r apper atus) rmeobon]m’uctmt voth said, lmwtuappsetatbﬁng iadapted to

con tion with s uction set, b dapt ed
R E’H%Srrﬁ?mgsrﬁ?t(ﬂﬁag éth(ﬂr%'@i osed herele'nng acapte
Fur t Neymrs gfn%‘etrfé’ §ént NHESH i mbmbge% %oﬁgfmé'ﬁ &rogram

program product I nc umgaco nmputer usable ne
pradidy irciugding ea  caraputsire upablgr arediwne hawitge eapuruier readable

r eadabl e ste code enbodi on s id ne

YRR R T 1 GHRER nfF Srhly novilRe Fodgn SpiHigidon said
abimm oM @hy Ocshez 'd’r‘%@?é“dfeﬁarnﬁ&tﬁ@wbcébﬂay patkete aincbdm@ data,
timeslot, providing network access, or providing

synehraniting glevisasardyranigaly sllagating & Hemlﬂtk prw'@lﬁgnnatwork

dat
S ReRa oY RING PRI 1GPUTEARRI Bhp AR BRI hithin a
deatirecessitig By étem, nexid aompgtet peogratrhpdsdizct idéladingseamputer

herein Ot her aspects and preferr aspect s
rgpdablss eade nWithle Sgiti gqme Fﬁeén”%aﬁg i ??fe@eﬁﬁrmw the

@E%@ge&@ Ha@bSE bR ng a part of the description of

e tnventiron. In essence, the present i nvention stens
f r om @ther :asaectsaanobprefaeredmsmcta arg msf:b:swdtmdheuspemficatlon

41 Gk BrrbS 4 T SPPRGUSN aphey Syt %, BYR G eporipton of

tRetimIrfioRy providing this |nforrrat| on as part of the
network infrastructure, the restricti ons of fix
nunbdnsessenssyi thes PEesant ntveptier sStemsa s wihex f%ﬂ&ail?g that

;gr%l‘aﬂ{gg i Jﬂféfloﬂem Cf?éﬁt%ﬂnl% thgﬁggﬁﬁﬁﬁ% of IMRRIdE I%maﬁloca‘ung

een resul't In a nu vant ages,
wse ofl ‘frewl’ tinediots d:@siet/mesyn chnemiozrle bamromdmg:ﬁus mformation as

Rvg}rgggﬂ{e QMIS iir%f?gsgqe ¢ rgl, ﬂg%(\é nglonfsecgfe fi xeaI hUmBers o%r Hev:ces
gaining access to a network and its resources may be overcome.

The present invention has been found to result in a number of
advantages, such as allowing devices to synchronize automatically without
having to keep track of different timings. The present invention also allows
two different piconets to merge into one network.

Further scope of applicability of the present invention will become
apparent from the detailed description given hereinafter. However, it should
be understood that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications within the spirit and
scope of the invention will become apparent to those skilled in the art from

this detailed description.
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description given hereinafter. However, it should be -
under stood that the detailed descrlptlon and specific
exanpl es, while indicating pﬁ%ferred enbodi nents of

the i nvention, are given by way of ill ust_ra:]! on gnl Y,
%B' %ﬁgwﬁfﬁwﬁmmé af/v: I()Psb\emcf)rrenarop:rent
:Jlgsizrl pti ona{éb‘%%lg Ft%%_}aéqfa@é&éfﬁg%g%i%\y@%@ o the |P resent

abplichtisunegy bbj leetter, uradh/ra’mwigby thosk skjlledtis ik [eﬂm/ant art by
resent a an be .bett der st ood t hose .

RigTanee tohihen olumiag aaesaimion, of grelard: abedinents Yken in

SRR OwWHE SH @Ebém Qﬁylﬂgeﬁ%"vfnﬁ gs enanch raat §|vbﬁk63ﬂ way of

Inconjunction wth e ac anyl ng drawi ngs,
idusdragioneonlpy andythos anel ot hmttabve @rﬁltpe pregenhinveatien, and in
not, limtative of the present invention, and in which:

‘i“fli’ﬁ'ﬂrre lillustrates a data transm ssion format in
accormigies! WMustrated 4 bata Rarémigsish RiErRAinmaBEordbntdvith a first
invention. Figure 2 illustrates a data encodi ng format

prefeitasbembadinential the bvieatipnef erred enbodi ment of the

i nve r}'-tlé&(? I'll?slffa?eg’ ascfﬁw’serﬂtgtcm@ ?cﬂ‘hqeﬁqn %OPC; vvc\ﬁlatll? jsecond

ti mesl ansm ssi on Sshows a

;frefer&dsembbdmmaiﬂtm"ammonthm in accordance vvith a

third enbodlnent of the invention eb5is
i |1 udtigwie $ahews 2 ipicRhschrine oba té{naélgff% tf%ﬁ?'?ﬁ ng

in aCF%’%r‘e rlf:esl’f\")\}ilé‘ an feAdHTEaE é’f ?H&wrbmﬁﬁﬂbh_oﬁlgorlthm in

Fi gure ustrates a Listen node o device in
amomaimomth\atthlrdmndm@mneneafthefmv@@lomventi on. Figure

et hodobE s o s iof i Pl P ot 2t pingmitting in
ddébrdiicetiitiPdh @b odimehh ef meemeehmmventl on. Figure 8

is a state transition diagramfor a network protocol
in Figure 6 illustrates a Listen mode of a device in accordance with an

embodiment of the invention.

Figure 7 is a flow chart for an algorithm carrying out a method of
adjusting a timeslot in accordance with a further embodiment of the present
invention.

Figure 8 is a state transition diagram for a network protocol in

accordance with another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The techniques described in this document allow devices fo
synchronize automatically without having to keep track of different timings.
The techniques also allow two different piconets to merge into one network.

1. Data Transmission Format.

1.1 Data Transmission Format

In this technique, data is transmitted in packets. A typical packet 10

with an exemplary data transmission format in accordance with an



accordance with another enbodi nent of the invention.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The techni ques
wale@snsdsed in this docunment allow devices to PCT/SG2003/000293
synchroni ze automatically w thout having to keep track

of different timngs. The techniques also allow two
di fferent piconets to merge i/nto one network. 1. Data
Transm ssion Format. 1.1 Data Transm ssion Format In

this techni a:ge, data is transmitted in packets. A .
erppediment ot kg Inventipn is BHsERiesindrigutei a Rachmaskekeepsists of

rgﬂ%ﬂ-' ordance w th anenbodi nent of the
tﬁ%\]/celn |'é§fi|%g°%'l lustrated in Figure 1. Each packet

consists dbevibe Idenitifieatiog 1] €1 ds.  Devi ce
Identification ID, 1 Destination ldentification ID, 2

Nei ghbour Hestingtien Identifigetian . Bi st, 4 Current

Ti mesl ot , . ta, 6 egksum 7 Device

| dent® f i cﬁ?‘gﬁ&‘l‘@"?ﬂilﬂ%}f Beld 1 identifies the device
that Js traaask LisRy t he data packet 10 at the nonent.
This field 1 is needed for the protocol to work.

Dest isnat i dBurrerdnfimieistds Son, ID This field 2 identifies
t he rem)tﬁ?%e\ééce that the current transmtter is
sendi®ng i Pndtion to by way of packet 10. This field

2 is ot @% 7 but may depend on the application
manag.i ng the trgﬁgm ssi on. Nei ghourhood List This

fi el Dé&viceddentificatiomilEh ti neslot in the vicinity of

t he ansmitre S en, occupi ed. ,The receiyver, use

s TP Pkl asniigs dBE eniars Tiat s froauliEE6 B8 dets Racket 10
atithe Mdnte® THiefitlHaNBhéddRdd fdrith@psGtodsE® Whtks
information to assign a timeslot to a receiver which

wi shddestingtiomldentdigaitamdDnet wor k.

This field 2 identifies the remote device that the current transmitter is
sending information to by way of packet 10. This field 2 is not mandatory, but
may depend on the application managing the transmission.

Neighourhood List

This field 3 identifies which timeslot in the vicinity of the transmitter has
been occupied. The receiver use this information to determine which device is
in the vicinity of the transmitter. It also uses this information to assign a
timeslot to a receiver which wishes to join an existing network.

Network List

This field 4 contains information about the devices in the network that
the transmitter is operating in. It gives the receiver information about devices
that are operating in the network of the transmitter, but is beyond the
reception range of the fransmitter.

Current Timeslot

This field 5 identifies the timeslot number that the transmitter is
currently using.

Data

This field 6 comprises the payload or information that the application

device is transmitting.
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Network List This field 4 contains informati on about
the devices in the network that the transmtter is

woep@sasisey in. It gives the receiver infornmatiPOT/aGmos/000293

devices that are operating in the network of the
transmtter, but is beyond the reception range of the
transnmitter. Current Tinmeslot8This field 5 identifies
the tinmeslot nunber that the transmitter is currently
using, Data This field 6 conprises the payl oad or

i nf or rBEFKRUENMat the application device is

tr ansyh st 7GR RSBy Ilﬁkj: ?ﬁééi@érdtomé riitRCif e bé&ived packet
receiver to determne if the received packet 10 iIs
talis whlidl. 2 Data Encodi ng Data encoding is a nethod

wher e the jnformation bits are coded into synmbols so
t hat g%t a ﬁﬁ{f" %.@C‘ﬁ'aﬂsm tted. In this algorithm the
bi t s BAA Sclfing e é%&h@drﬂﬁ‘éﬁ%‘bgatﬁetiﬁoﬁﬁéﬁbﬁ bRYAERbHEd into

synbol timng sychronisation and mnimze codin

swibold sodhapdateenayibe transmitteshpinghist algotibmmihe pits are coded

Manchest Codi ng. START and SI.OP Bi Ref [.S .
Fedieros raees 1o Sy Appabe DD ARG LA phiSatin and
hiinifisd e68MgPYedundbABY fleSeh? idntbraexarhleBlthe lommitmly used
START BI T 18 consists of logic Level L for half a

Manphestaueadingn fol | owed by a logic | evel H GH for
hal f ' . The STOP Bit 13 consists of
SYRRG o S1Q8 Bits

| ogi c alf a synbol duration foll owed
by a ReRréendecisamabtiEwffFigutealf Iaythisadigotithat,iesch datSTARE 11 is

Splesech byca STARTABIEAZ RBc) acs TOFL BEF the Wikt £ HYRE BIT 12
8 AR 08| QNFEATld it Al S Bl v
HtGH tfitwchalf symbol duration.

The STOP Bit 13 consists of logic Level HIGH for half a symbol
duration followed by a logic level LOW for half symbol duration.

A START bit 12 will be sent before the first bit of a data byte 11 is sent.
After the last bit of the data byte 11 has been sent, a STOP bit 13 will be sent.

START and STOP are used only for the data packets and not for the
Preambles 15 and START SYMBOL 14.

The use of START and STOP bits ensure that there will not be long
transmissions of consecutive 1s or Os. It also allows the receiver to
synchronize using the transitions.

PREAMBLES

Preambles 15 consist of alternating 1's (Logic Level HIGH) and 0’s
(Logic Level LOW). The number of preambles sent depends on the design of
the receiver. The use of the preamble is to condition the receiver for receiving
data.

START SYMBOL

The START Symbol 14 consists of a 1 for a period of time that exceeds

3 times symbol duration.
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Preanbl es 15 and START SYMBOL 14. The use of START and
STOP bits ensure that there will not be | ong

WO pasemsssi ons of consecutive 1s or 0s. |t al sPCEHEGNS 000293

the receiver to synchronize using the transitions.
PREAMBLES Preanbl es 15 consist of alternating 1's
(Logic Level HIGH) and 0's (l%gic Level LOW. The
nunber of preanbl es sent depends on the design of the

receiver. The use of the preanble is to conditjion the |

r ecei Fayould be welljundegsteqepy mmeremﬁ@ﬁe@mé tl&q—@ﬁT{hat there
' 1 f [ [ i

34U < ERNEL Bt bl 186napeS 8 G e bRbyed whis

temensigoeithih thé Beope bithe pidsehemventibe art that there

are ot her _encoding or scranbling techniques that nmay

be enBPtR/B8rAAPIBY rermmining within the scope of the

pres qwe %Eﬁﬂl‘ﬁia%‘ is $&hAbREd Bwéﬁ&ﬂmm%%ﬁcéﬁéﬁ]si\?@bﬂ bperation
scranbl ed by performng an exclusive operation on
eacachadatadytte with la salvel ofe202 ROZA on hexadacimal form) before

#1000t STAR b Srieha SraRrbEy hisgthblescanfl SHR ide's are not
shbmpdgorithm the Data transmission format and the

packet format has been defined in such a way that the
STARTInsthisbalgaditiimt e Pladarttsinssnigsion fagvat aagdbarpadfet format

ny, of t t. e ' '

P bfon gt df ENR wellbt R SGUSR T SR Bl Plagbles

WAl Revdtdapdeen i aBRRS ther dstanibytesnThisprévidesiey measis for the

clock. Figure 2 Data transm ssion forpat. 1.3 ta

RSeVe! 1o ﬁigeéﬁﬁi tivehaRgthey Kevicsnis EanyRiting data ﬁm?i@'%? fefmeans
' YA J Qo tiJmesl ots. An exanple is shown

{oﬁ@,ﬂ_‘vﬁ%ﬁurrﬁg&g\?fj %%g%é@%é\% tCdé)t&tﬁ'r ansmits in one time slot 8

and rleigarev2 Data ttamsmission ddrmdte tine slots 9. For

gxagm g bLﬁa{ahﬁeéé’Sﬁo%%‘é‘ %in%%gté%ecﬂrgrtﬂ%éﬁgﬁ ﬁlgtc;n msI ot

A time frame is divided into timeslots. An example is shown in Figure 3.
Each device transmits in one time slot 8 and receives in the rest of the time
slots 9. For example, if the system has 12 timeslots, one time slot 8 would be
dedicated to transmission, whilst the rest 9 are for reception. For discussion
purposes, let Timeslot #0 be the timeslot for transmission 8. This is an
arbitrary number that is given at the start. Assume that each time slot 8, 9 has
duration of 100ms, and that there are altogether 12 timesiots.

At Timeslot #0, the device would transmit a packet of information as
described in Section 2.1. 100ms later, the device would turn on the receiver
and listen to the “air” for transmission from other devices. If it receives an
information packet, it would process the information and adjusts timing
accordingly (See section 2.7 below). Otherwise, it would turn off the receiver
and wait for the next time slot.

Detection of data transmission.

With reference to Figure 4, the receiver detects that another device is

transmitting by monitoring the duration of the logic level of the received bit. If
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dedi cated to transmi ssion, whilst the rest 9 are for
reception. For discussion purposes, let Tineslot #0 be
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nunber that is given at the start. Assunme that each
time slot 8, 9 has duration of 100nms, and that there
are altogether 12 tineslots. 18t Ti mesl ot #0, the
device would transmt a packet of information as
descri bed in Section 2. | at e
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lavelaHiGHeon therseceived ditarmiers 4@t 402 ard K03. i Becregeived bit
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rgg%gs aghﬁéflﬁlgx&f #8t Lirg téaélt\%g]tﬁ?%]gf g%g/mq:éfe?uﬁ'é’tlon step 404,
§)STE¢KRW$)Zm60hhh$ IBEenI tettwtnd Thatretdiger tdroakowssl teeanother
are the sane at the sane tine. In the algorjt

stateusteps40% H\@e,r%ge\{vg@q. TQr; ’;P&sﬁqqteofdggtgt tra rgissp@gqf@e receiver
lﬂlcg%e\b? E‘. ! anégﬂ eﬁ%hgﬁgn 1t o> gt 4@@7 é\'%lztl?éﬁja positive

e recel ved |ns GH | evel for
tramsdtiarh €h—two) stepedBoimmesiiatieb) affien deteoting theppagittye gransition

TA has heen cte e.re ver then
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a negative transition (1 -> 02] step 407 and then
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er adja nt érna
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receiving a data packet. It would not matter what the receiver’s clock value is
before detecting the data packet.

1.4  Network protocol

1.4.1 Terms and definitions.

Modes

In this algorithm, a device can assume any one of the modes.

o Normal Mode.

With reference to Figure 5, a device is said to be in Normal_Mode if it
turns on its transmitter in its own timeslot for transmission and turns on its
receiver only in all the other timeslots. This is the normal mode of operation.
In the Normal_Mode, the transmitter or receiver is only turned on for a period

that is needed for transmission/reception of data. For example, if it takes 12
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sending the first START bit. In order to synchronise
every devices' clock, each receiver only need to
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START bit. This will ensure that all devices will be
synchroni zed after receivi ng a data packet. It would
not matter what the receiver1d clock value is before
detecting the data packet. 1.4 Network protocol 1.4.1
Ternms and definitions rit

h |
adlligaceng to dsnht arﬂacbﬁteogfiaaéﬁ%ﬁegm%wwﬂ Wy pe active
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woolsia el toeaingmigtirgni ssion and turns on its receiver
only in all the othertlrreslots This is the normal
rmde of operati onlistaniM@d®or nal _Mode, the transnitter

%"fe‘rf rjeﬁcg%yFléeran \fl@é |§Féﬁ§rﬂo°lge R qtistbA Mode if it
neede ransm ssron/r éce on o ata. For
doesmoteturn fon its trahemltieﬁ'rmmmngs its @lideated timesistri A dgvice can be

besraing Tnothes Rogmal Mede buth”histRbModd Jrg TBR GiSans that
{\ﬂfnd its 5&3%@%@ t?éné’i‘ﬁié'sﬁm”ﬁtw&ﬂd thRANSTItS fedver instead of

st'en Mo erence t0 Figure 6, a device is
issatransroittes. Ardelylaetfdaat ibaet infNormmalobtodedauttin disten_Mosle would

AL R Sher R0 o B G5 “Chb B by SR g

gbge: This nmeans that during its own tinme slot for
.transm'ssi on, it would turn on its receiver instead of
its transmitter. M&ewveEk that is not in Normal Mbde

g|u|t t‘ﬂéJétVfc eg%éﬁg go WY d 21 Y\&g% i gglgtcaﬁilé’ 2((5: g[r?mrﬂﬁlqlﬁggeewith at
leBstNeh&@Iekiod. d%‘dtaO@el t$1a$a$@b§”md9©then deviedsviy baldf td be not in

is able to communicate with at | east one device. A
RRIVIOEE t hat "sees" no other devices is said to be not

in nefwork. Neighours and Neighbourhood

A device is said to be in the neighbourhood of another device if the
other device can detect the messages that it is transmitting.

. Neighbourhood List

Assuming that we have a network that can have a maximum of 8
devices. The neighbour list will consist of 8 bits. Each bit will be set to One if
there is another device in that timeslot. For example, if there is a “neighbour”
in timeslot 2, and it is occupying Timeslot 0, then bits 0 and bits 2 will be set to
Logic 1 while the rest of the bits are set to 0.

14.2 Joining a network and adjusting timeslot

When a device is first powered up, it assumes that it is occupying
Timeslot #0, and transmits in Timeslot #0. Since it is not in network, and has
no neighbours, it will set the TimeSlot parameter in the Transmission packet
to 0, and the value of the neighbourhood list is 1 (Bit 0 is set to Logic 1).

A device which receives a data packet will process the received data
packet as follows. An example algorithm is also shown in Table 1:

o Copy received neighbourhood list
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transmtting. Neighbourhood List Assum ng that we

have a network that can have a maxi nrum of 8 devi ces.
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5 tﬁgqgt@?ggc@%%tcﬂg&%ﬁé eé%'ies%ntleggcket to 0, and the
val ueg of the nei ghboulffipigchdtiis thetwork, @BdtitsOID salsietis less than

Logic 1). evice which receives a data packet w |

tp@'@ﬁf@@@rﬂ@ Féﬂ'é?qyét datimesitket as foll ows. An
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will adjust its tilabkllot b. If it is not in network,

but ti{heif@zsbM¥sightiodr is in a network, the receiver wll
adjust {ts tinmeslot. c. If the receiver and the

t rangmi ttébN@N“éghh‘P‘%‘eﬁé&Sﬁ '’n a network, no tineslot

ad] ustnent‘fw?ml‘{ﬂt“ﬁg‘ made. Table 1. if(gbNoNei ghbour)

if(gucReceivedID3 > gucMyID3)  Adjust_Timeslot();
else {
if(ReceivedPartylnNetwork(guiReceivedNeighList))
Adjust_Timeslot();

}
}
g}bInNetwork = TRUE; // This is done after adjusting timeslot
15 '

Adjusting Timeslot.

With reference to the flow chart of Figure 7, the algorithm makes
timeslot allocation dynamic and automatic without the need for a master
device to intervene.

20 The algorithm is as follows:

. Copy Received Timeslot 701.

. Copy received neighbourhood list step 702.

. Search through the received neighbourhood list

for an empty timeslot step 703, 704, 705, 706.
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{ gbNoNei ghbour = FALSE; if (igblnNetwork) {
i f (gucRecei vedl D3 > gucMyI D3) Adjust _Tineslot(); else

wd¢ 2005Resed vedPar t yl nNet wor kCgui Recei vedNei ghLi BC1/$3G2003/000293

Adjust _Timeslot(); } } } gblnNetwork = TRUE // This
is done after adjusting timeslot Adjusting Tineslot.
Wth reference to the flow cHart of Figure 7, the

al gorithm makes tineslot allocation dynam c and
automatic wthout the need for a nmaster device

i ntervene. The al gorit Hdse dhedastal bitsuef th@d,laytogé@ré,tbg@earch

Ti te 70 p) e d

o5 TORE Rl R It BB valBlor € st 3 bits
Bplth@ﬁe@@pév IDi iges) €He séeaivaORill Titst, looR5at gRB. ndﬂﬁl@ert Bein the
| ast bits of the IDto start the search step 704.

mel\@@bwgbboummﬁénsét%%e 8 thatslal istempPtynd t he val ue
of the |ast 3 bits of tIEeg{e&gS!)c%{ersun‘gg‘lrp?%?’?tne&)thﬁéo& 707, the

receiver will first |oo

feeplaredramirmit ingshn@@cohids 3 andaheidurighttintdsiét dfthe receiver
enpty. If that slot is enpty step 706, 707, the

changadio theregaypd timestetvalde.becones 3 and the current
timeslot of the recei vy tlﬁla{'&e@ 5(9:utp c}ﬂgeﬁﬁ}égger will look at

timesPot value. |If tha i'S ‘occlpl €
frec akexe adjEdent ltingdsistt 1f ise mbnddu[)a(bqté i¢ ievesl step V08, it will

the second ID byte is even step 708, it wl|

search in descending order step 709. Otherwise, it WI|| search in ascending
order step 710. In this case, if its second ID byte is even, it will look at slot
number 2 next.

. This search continues until all 8 slots are
exhausted or until an empty timeslot is found.

. If an empty timeslot is found step 707, the
receiver grabs that slot and it joins the network. It will then operate in
NORMAL_MODE thereafter

. If no slots can be found, it will operate in
LISTEN_MODE but in NORMAL_MODE.

It is also possible to use other search strategies. For example, it is
possible to start and proceed in ascending order from timeslot 0, or
alternatively in descending order starting from timeslot 12. The inventor has
chosen in this preferred embodiment to conduct a search in somewhat
random fashion, so that if more than one device detects a network at the
same time, the likelihood of both devices taking the same timeslot is
diminished.

14.3 Network Expansion

In most wireless network protocols, if there are only 8 timeslots, the
network can handle only 8 active devices at the most.

This algorithm allows the network to expand to cater for more than the
number of timeslots available by introducing a Sleep mode fo a device in

network. Together with Listen mode, it allows devices which were not
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search in descending order step 709. OQherw se, it
wi Il search in ascending order step 710. In this case,
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nunber 2 next. This search continues until all 8
slots are exhausted or until an enpty tinmeslot is
found. If an enpty tinesl ot 1#s found step 707, the
receiver grabs that slot and it joins the network. It

will then operate in NOR MODE t hereafter f no .
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s érhewlﬁ—é%l#émbﬁ A tf\% NEFHORR mgﬁefo?tar@értain time
earch strat egies. For exanple, it Is possible to

pedod. Afer thiopesiddi of timepthd dgvicedwill Ieaventhe metivork @nd goes

INoesipgp TI0E IR FhiAaRt oo TRAGS ol | Wieh B fiRRans other
ﬁgﬁﬁgé NRRicht tQﬁ&W‘L‘iSTEI\PWQ'E IS QPEVNRL ARt and start

shion, so that If norethan one dévice detects a
trehswitkingitint thee diemee statnmGlashes |aree hiihivvzedfdutte the timeslot

devi ces taki the sa tipesliot is dimnished. 1.4.3
flﬁ‘??ﬁg'io? a@(‘ﬁfgﬁ& desqr eﬁﬁ@ﬁ' rel ess network protocols,
i T thargedéd thal ¥ B BLEEP MODE k@l Rekeonl arah tiyardgjoin the

only 8 active devices at the nost. This al[g!grithm .
netwokk. Sincerrvany device willeirtar trdo ltErP 1 MOt same point, the

the nynber of tinesl ot VAl by introducing a
%&%H %@glquysaﬁéo@v:%\gaélapﬁe @é‘% %lrt{ Together with
Li st emheBigte TargitiopeDidgrdm éis Figurel8 iNastates the entire network

not previously able to join the network to join in the
h@tm@wagem%%@veracgeﬁ%pr%ec?loi ns a network, it can

only (10 N NETWORK_MODE for a certain tine
RS NeAplHE

peri od. I'sS period of tine, the device will
| eaveThéeShEEROMOREdfegbers allnves Slifeentowéwodss that had been

east frane ,perj ods. en _this.happens, ,other . .
ool Ghamst SreielErhRsE aReT TistPhHC With,al devices
§)rithréfided tetie saMBLIBAK i ng in the free slot. C ashes

are mnimzed due to the tineslot allocation algorithm
descr Bhppose 2 different networks had been formed independently and

each network are not synchronised. Suppose the networks are mobile and

happen to come into each other’s vicinity. A device from network A may
detect another device in Network B. Since it is already in a network, it will not
adjust its timeslot. However, because of the SLEEP MODE feature, it will
need to acquire or seek a new network when it wakes up. The process of
having a network form up, then break up and then re-form again eventually
allows all the devices to get together into one network.

14.4 Timing Randomisation

The time that a device spends in Normal Mode, Network Mode, Listen
Mode, Sleep Mode and Wake Up mode is made random by using the device's
IDs and the internal counters in the device. Table 2 shows a code segment of

an embodiment in which the method was used.
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avail abl e tineslots. The State Transitions Diagramin
Figure 8 illustrates the entire network |ink

managenent and access prot och®. Ml ti pl e Networks. The
SLEEP MODE feature allows different networks that had
been formed to co-exist and eventually nerge into one
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#gfgn% _erK@UFehM@b T 1§ (MDD 0t TaARl) USdeudMysD3 M MRRIDY & 0x07)
yever, because of the SLEEP MODE feature, it wll

#ae@d CNT_ NEEOVORIE TOVESEE k612 ((epuiMyIBe WxRF)wheh it wakes
up. The process of having a network formup, then

reak up and then re-formagain eventually allows all
the devices to _get together into one network. 1.4.4
Ti mi g Randisie Jaansiioh@iadra®d t hat a devi ce spends in

DormiglES, MBI ie "8 HeBheRoNEIPiagTaRPRAAP SSp RIS the

Gputatitne of tHeenatalork protbesls i n the device. Table 2 shows
a code segnent of .an enbodj nent i.n which the nethod

vvas ubkere s Gprossilersiategifatdryies 27 + (

(gucMy1 D3 + guc %ﬁ[ﬁ OxOF)) #define
I\qY/STENI\/[JDE %%E (31) #define CNT_NORMAL_TI MEQUT

( 81+ ( (gUCM/IIRAKEQYREGR D) & OxOF)) // ADD SOVE
RANDOM TI M NG TO WAKEUP TI MER // TOMAKE | T DI FFERENT
FOREACHUNI T | NVBEO® 8335 | D #defi ne ONT_WAKEUP_TI MEOUT

( ((queMyI Dl L gMRhal doaucWI D3 L TMRIL)) & 0x07)

| 0x08")
. LISTEN 805
. NETWORK 806

In SLEEP state 801, the device is inactive and the transmitter and
receiver are powered down. In this state, the device is waiting for external
trigger events to wake up the device, such as expiration of timers, external
interrupts, user intervention, etc. Once the event triggers, a WAKEUP TIMER
is started and the device enters into the WAKEUP state 802.

Once the triggering event occurs, the device powers up and enters into
the WAKEUP state 802. In this state, the RF device is powered up. After the
RF device is stable, it will transmit a short burst of data containing its ID. The
device then starts a timer, known as a SCAN_TIMER, before entering the
SCAN state 803. The device will stay in the WAKEUP state 802 until the
WAKEUP TIMER expires and the RF device becomes stable.

In SCAN state 803, the device’s receiver is turned on continuously.

This state is similar to the Listen mode but not Normal Mode as described in
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#def me CNT_NETWORK Tl MEQUT (61 + ( (gucWID2 & OxOF) "
2) 2. State Transitions D agram Figure 8 shows the

wEt@s®eedBeasnsi ti ons Di agram t hat expl ai ns t he PEESGLG08/M00293

of the network protocol. There are 6 possible states
that a device can be in: SLEEP 801 WAKEUP 802 SCAN
803 NORMAL 804 LI STEN 805 NEPWORK 806 In SLEEP state
801, the device is inactive and the transrritter and
recei ver are powere

down. In this st he devi
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W@i@aﬁ%ﬂﬁ GIR 88% 2| ApehigdyRE2tfen t&ﬁ[‘t ?HSfHe?etithé[ called the
power up. Af e, It wi

ter the RF device i |
NENYORK aT BheRtanditheh eoterddha NEEN\RKsgaiet806.D. The
device then starts a timer, known as a SCAN Tl MNER

befor® enteri ng Theedeyioaudstagte timrsmissians diane othgr gevices but
fihaY Hat Wéj N Hiosﬁr%e ﬂ.ﬁg Hitdbld. hqh\éA@\PceT'twgﬁ starts a

expires device becones stable. 1Tn SCAN
htSiTENgmB\/IEerdjeme(retm ki&ddiN state 806ur ned on

continuously. T tate S r to the List d
but 16t Nor al - R Cerealn sk fefirt ey tanghizsions (Message)
LRha Sefta fin th‘é"?CﬂRlVété 863 SRANALSCARE TRUER Expires.

transm ssions from ot er devices. Thefe are 4 possible
scenawi 0s that dhe SﬂMénTllMEiRhexplsesatmd tmbedeweoe ceould not

doE ndd AR TR MBS RO gl 14 B RS RS o ars «
NORMARC FAERIahd thdrhéntal Dt NORNIALstéte804 he devi ce
then starts another tiner called the NETWORK Tl MER and

t hen nthe LISTHeN siatadbs, dhedevisgshas already been synchronized to

the timeslots that other devices are using. It is said to be Normal Mode
whereby it is turning on its receiver at the start of a timeslot to listen to
transmission from other devices. The transmitter is not turned on since there
is no available timeslot.

. Because of the SLEEP_MODE feature, a time slot will
eventually be available and the device will take up that time slot and enters
the NETWORK state 806. It will start a NETWORK_TIMER before leaving the
LISTEN state 805.

. If no time slot becomes available when the LISTEN_TIMER
expires, the device starts a NORMAL_TIMER and leaves the LISTEN state
805 and enters the NORMAL state 806.

In the NORMAL state 806, the device will turn on its transmitter and
transmit short burst of information including its ID. It will turn on its receiver at
the start of every timeslot to listen for messages in the air. In this state, the
device could be alone in the network, or it could be in the proximity of other
devices but it is not synchronized to other devices, and therefore does not

participate or interfere with the other networks. 3 scenarios could happen:
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The device detects transm ssions from ot her devices
but find that there are no tine slots available. The
walenwsoessthen starts a LI STENJ PVER and ent ers PE&ESG2003/000293

LI STEN state 805. The device could not detect any
transm ssions (nessage) and remain in the SCAN state

803 until the SCANJ PMER expilfes. The SCAN TI MER

expi res and the device could not "detect other devices.

The device is said to have no nei ghbours It start

NCRVAS I NEHe adlevicnedetentso ne iy rarsaikieds massages. it other
100eks BROLGHAUS 8o R ete TrerdaBn Ak HRANEE Rl devices

stlldghavd “walked? dntooitdeldiectiorl zbhde Other plygsibte | |reason is that
t urni ng on its receiver at the start of a ti
€

ancsthgh wice hasgiateeed Ahis daviea s angeystier anfﬁ?@'s 436 its Block to
n%'ﬂ?%%éqélthgs é\;lcé U'E'Y%gigggxeo ?lestﬁg@éy%g)RK TIMER and

érstaiitie NETW@RKSﬁate 896 eventually be avail able and
the device_ wll take up that tinme slot and enters the .

NETVORK st Bbe dsyice Aid Pt 15681 @AY, OAEdeNiee BFEremains in the

I [ the LI STEN state 805. If no tine slot
@@%&Sﬁ@*&. abl e when the LI STEN TI MER expires, the
devi ce starThe NOWL’DIME/EFémtésI aadethet Hevicé STERrS into the

state 805 and enters the @ﬁp %ﬁ | Ehe .
mu DERAL PR &/802, the device turns

515 B0 BLh AR 6RBRET Bnalieits BuGAKERP TifeRmt | on
I nc

turn on its receiver at the
st ar t ImﬂhevNEM@Ré(slsNtet 80Bi shendevicenwdk &gedransmititng and

eeiind mgeton selighgay ReeREAT durtneryeR0R The Bevice wi

KR easalicatdd tmﬁesr&tfoﬁY@ﬁbmuaﬁ@mlorevebabn dayiis ¢s be noted
and therefore does not participate or interfe

thié fort ary dadeaoinese mayserlydig e8¢ divgsiohaligse FﬁJ %Hetfansmlssion
%g%ltce Srgrt%hﬁﬁﬁqg t’tlﬂ%‘@ dé‘i e{ré‘%méée?\q[mges’ﬁ?@% fc%qmll%'f‘ﬁéln in this

previously see. The reason is
dtheg untilhere ofthelfellaldng essntsootalirbave "wal ked" into its

devi ot has fte: SETWORKY SRR cexdies ares: Vit g Stops
ASthHiinicdtionsC b8&kr WBwn the RF device, starts a WAKEUP_TIMER and
enters the WAKEUP state 802. This will allow other devices to take over the
timeslot that it is occupying so far.

. The number of neighbour devices in the network drops to 0. This
could happen in the situation that the device has moved out of the detection
range of all other devices (by walking away), or the other devices enter into
WAKEUP state 802, and so on. In this case, the device will start a SCAN
TIMER and enter into a SCAN state803.

In time taken for the various timers to expires may vary in different
states and in different situations. For example, WAKEUP Timer has a different
expiration time when it is started in the SLEEP state 801 and when it is
started in the NETWORK state 806.
Applications.
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the NORVAL state 804. The NORMALJ PMER expires and

the device enters into the WAKEUP state 802. Before

entering the WAKEUP state 80218the device turns of f

the transnmitter and receiver and starts a WAKEUP

TIMER _In the NETWORK state 806, the device will pe .

t r ansni higisegtiaRdisisce@mnei Qfgfﬁﬁrﬁrtn'wat@% ih 'Qiuﬂt%ﬁ‘ogy"fhms can
) [ j ;

A 850 Do lBrerd e SIS cah BedIBY s ot otref dBofations.

is to_be noCR@etpraxinfigr canticideading, there may only be
one tineslot allocated for transm ssion and the
remai m ng tAsasiitiackingre for receiving. The device will

remain in this . state.until f f i ng events
occurs® Th%O%é?{A%ﬁ%'i&\/EEPS%'.Sr%@. é@ﬁ%dgyﬁg e then

stops al | CQI%W%%ﬂ%orﬁﬁ%ﬁcdﬂi@%n%%a?’@/héﬁvork
starts a WAKEUP TI'MER and enters the WAKEUP state 802.

T_hi S }MII abeawitpsistentevi ces to take over the

timeslot t it is occ i.ng so far. The nunber of

nei ghbbur Eéé‘_[ié%aﬁeﬁ’ ‘Tmﬂﬁﬁb?aﬁrk drops to 0. This

coul d \Appeemid Thichtion! hadtycn HB3ErBde iflRondechiés with specific

noved out of the detection range of all other devices

(egbedimenty theegof, iowill hbe ounderstiod dbat dhisrcapable of further

WAKELIP 2 - j '
IPRTERGITSE 30 eRPleberl uldhdel i EOTEhTaRBIORE usos or
HatpSbhs dftheiineritidkerolibwingt iRgyenaralptise plingiplestaf the invention
expires may vary in different states and in different

andiinglding sush depdiires TaREle PresantHigclgswier pgrepe within
MY Gy Rty 85 €8, g SR Bitins and
Appinagdie appliethodhs estentiallfestuses bereintbeforeeset forth.

2P RSB GEnhdE 5b R, LBl SeVaf sprme wihout
HUYrGRG 11RIM - the e oP 19K | d¥skWtigloBh&eictdristies Nef the invention, it
should be understood that the above described embodiments are not to limit
the present invention unless otherwise specified, but rather should be
construed broadly within the spirit and scope of the invention as defined in the
appended claims. Various modifications and equivalent arrangements are
intended to be included within the spirit and scope of the invention and
appended claims. Therefore, the specific embodiments are to be understood
to be illustrative of the many ways in which the principles of the present
invention may be practiced. In the following claims, means-plus-function
clauses are intended to cover structures as performing the defined function
and not only structural equivalents, but also equivalent structures. For
example, although a nail and a screw may not be structural equivalents in that
a nail employs a cylindrical surface to secure wooden parts together, whereas
a screw employs a helical surface to secure wooden parts together, in the
environment of fastening wooden parts, a nail and a screw are equivalent

structures. In the example of the preferred embodiments hereinbefore, and in
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applications Wile this invention has been descri bed
in connection with specific enbodinents thereof, it
will be understood that it id9 capabl e of further

nodi fication(s). This application is intended to cover
any variations uses or_adaptations of the inyention

p@fmpular fee datayeneading, it Ifeepyisagegihad some peall ff &in paemeters
§1n % @%Hgfng &CBG daﬁ{éh?éa L(&lﬂ*? rfe&ﬁéﬁttﬂaeegéﬁ%?ﬁ‘ér For instance,

osur e nown 'or cust omary
sitfidiigh theeSTART andVSITOP bite haveemuucanqmemﬁ aalna saymbodisﬁor each

may be applied to the essential feat g$re|n ?for
ie6ic ﬂ%\f&lhresmctm@ypﬂ@%%t TGRS | GRI: %ﬂﬂ%ﬁ @dthen same
GELERA! al %4 Bmibdin A mAGPBE! R0 dlF A B? SiRd-bhé-ehalf Agmbol,
essen h eristics of the invention, It ou

Nevenﬂdaess oadhehaefartes amhmehrdes’cdeﬂmdbeeinh@mmheﬁEABT and
unl.ess, ot her

°b§ it vk 4 CLRiReY Sbhaln & SYBIEd suRk G ot Brgiety Hirerentiate

hbegfaheda?ﬁ bitd v@Afieh Sér%pénéf syiBof \RR4fiGH 8Ad also so that
|ne n the appended claims.” Various nodifications

midauquamaimus aot mgmém dramsenit sxsadetermatips not being data.

0 DBSHARE el e SFRRESTART o BB BRE it may

15

SarQ@hpR &hérsTARTb MBER 8ha et prémnblblsunmr Rirhaia wéver to
the many ways in whic they$r|n0|ples of the present

am@rtm@myrﬁ;ﬁh%@awoaétdaié@ 8% the fol | owi ng cl ai s,

nmeanss,

T BLORH PR RER T Yied T PRCdpLIERES i taen o

mdqﬁysmeupteseabeanfusmwobmaurets,ltmhdg:eos estapsabren@mponents but
res. For, exa h a,nail and a s

t t th
Go6 PEE PERCIUTE Jop ARy AGHTEh o Fieef T pier Yeatures,
.ﬁf&gﬁé?ysst@pgyédrnsémaﬁg oF b @siHedesrCUr € wooden parts

whereas a screw enploys a helical surface to
secure wooden parts together, in the environnment of
fasteni ng wooden parts, a nail and a screw are
equi val ent structures. In the exanple of the preferred
enbodi nents herei nbefore, and inparticular the data
encoding, it is envisaged that sonme or all of the
par aneters
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of the encoding nay be altered with respect to each
ot her. For instance, although the START and STOP bits

whanws/oessaur at i on of half a synbol for each | ogPCT/B€U®5/000293

respectively, these durations could be changed to the
same duration as a synbol, or may be the duration of
one- and- a- hal f synbol. Nevert?@less, in the preferred
enbodi ment descri bed herein, the START and STOP bits
have a duration of half a synbol naking it easier to
GUAMSntiate fromactual data bits which are one
synbol's duration, and also so that valuable air tine

is not, wasted, to transm.t extra i {0 Cig: :
dat a. 1Accm’édi ?y"%%m%]\?ﬁ"#‘ E’Efg?* ggﬁ%és@?: rogse%%yo% tf 'E% device
SRR uRBELIST G & dommiuhicativnbaemiuth, thatdstherabASsion packet
synbol s and the Preanbles will remain never to appear

ﬁgrnmiweimediw firlgs eampIging byt es.

"Conprj.ses ri $kne i Nethi i fi - L.
s 1 oo, YR T0" for REFRORE NS fist SRy s of Belfhission
isoLR@Er s, steps or conponents but does not preclude

the presence or. addition of one or re ot her )
f eat urtigiesiotfos ddentifyingeihe t'%ﬁgﬁd@wng%lw@%%gsed by the first
?]J%gcgof ."CLAIMS 1. A data transm ssion packet format
Oor use by a first device communicating in a
c ommu mieightiosho ok tisbfdr, idehtifyites whethersat lsasbangatkeit timeslot in

format .defj ned. by fi.el onprising:  source devyi

5 Vi o et feviey e TeT] ber e A G BBy & second
RYiceeand s6Bst8tiddmity wWiither thenst I6Ast s B tinfeislires available
currently used by the first device; neighborhood Ii st

ffora reatving yhirdydemisEher at | east one other tinmeslot in

the vicinity of the first device has been occupied for
transm ssion by a second device and so as to identify

whet hex t hey dbtd gapasmizsoropheket formaat as dlainedinl ebine 1 further
for a receiving third device. 2. A data transm ssion

sedired bydieds CRPEPROed in claim 1 further defined by

e SITRIGTIPeic SBEhRM O KRty Aariddd aidme s
device is transmitting information to;

network list, comprising network information for the devices in the
network in which the first device is communicating;

data, comprising the payload information being transmitted by the first
device;

checksum, for validating the packet received by the third device.

3. A method of data encoding for data packets in a communication
network, the method comprising the steps of:

enclosing a data byte with a start bit and a stop bit;

wherein the start bit comprises a first predetermined logic level of a first
predetermined duration followed by a transition to a complimentary second

predetermined logic level of a second predetermined duration, and;
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device is transmtting information to; network |ist,
conprising network information for the devices in the

Wmedasos4824 n which the first device is communi CBtT/8G2003/000293

data, conprising the payl oad information being
transmtted by the first dewegf checksum for

val i dati ng the packet receiv by the third device. 3.
A net hod of data encoding for data packets in a

t th th b
o et Ess e stelt Bt SRR 40 AP el Jogp dget of o
Bhikd Wﬁ@d&bﬂnm&l supdtiorPifblieesP s @stranéitibAtto a complimentary
predet er m ned gl c level of a first predeterm ned

feurth pmdertmrmmd ogig leveldesiourtbrpredeteradngs fuiationr y
second predeterm ned logic | evel of a second
predeterm ned duration, and;wherein the stop bit

conprigses @ iaithed Qé@hﬂhﬁdﬁﬂﬂéﬁnﬁ Bgulfthélemhpﬁélng thél stei)s of:
predet erm ned duration foll owed a transition

conpl sﬁ@dmrq/stambut RIipF tieerding ﬁ'é%l flrsé@l’rcoﬂ%péyloe@ data byte;
fourt gl ﬁna§ :% g{qﬁe&?gﬁg%éﬁ&ﬂg t?%éaéé\tbgg&g@ﬁaﬁﬁag

in cl Fconprisin sen
start bit prior to sendlng t he first bit of a payload

dat a byte sending a stop pit aft senﬁl ng the | ast
bit of-a pdymsie QF& V’E‘é})‘”éﬂa‘m Kouhg '&I ai ned in
clai My} Afst4 m%[lﬁhrtir rivlifed Io@f@le@@léréd?npnse a qulc level low;

predeterm ne l'ogi c s conprise a logic |evel
t he stoosdcamd ani mwdmredetefmme@wglo@e\celﬁs eegipsise a logic level
E‘EQFE“ ge a logic level high; and, the predeterm ned

f'ons conprise half of a Iogi c synbol duration. 6.

A et fdlpRsicibnhiiied durafions e0@pfise Haff T Bgidsymbol duration.
further conpr|3|ng the step of: conditioning a

recei ver device by encodi ng preanbl es and wherei n each

preangl e coy ”Rﬁéﬁu%% alst QRRk |dg te[;@nf_{%sapoga.as : %91 & further

| evel "high”a 0gi C °l svel al ned
conpngingibeasteplofi ns 3 to 6 further conprising the

step %I)ﬁditioning a receiver device by encoding preambles and wherein
each preamble comprises alternating transmissions of logic level high and
logic level low.

7. A method as claimed in any one of claims 3 to 6 further
comprising the step of:

sending a start symbol wherein the start symbol comprises the
transmission of a continuous logic level for a period of more than fwo times

symbol duration.

8. A method as claimed in any one of claims 3 to 7 further
comprising the step of:

scrambling payload data wherein the scrambling comprises performing
a predetermined logical operation on each data byte before adding a start and

a stop bit.
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sending a start synbol wherein the start synbol
conprises the transm ssion of a continuous |ogic |evel

wo eoosacqses i od of nore than two tines synbol duPEr/86003/000293

8. A nethod as clainmed in any one of clains 3 to 7
further conprising the step of: scranbling payl oad
data wherein the scranbling c%aprises performng a
predet erm ned | ogi cal operation on each data byte
before adding a start and a stop hit.9. A netho

ol ai mék | n ARG R FETCRE flalte B herRl ﬂ@g.pe%@etermmed

RCA RS TREhSEES PRSI DR POt le I e of
vaqrohexaderighey). ces for comTunl cating in a network,

the nethod conprising the steps of: detecting a start
symbol at a recei Vi ng device by tim ng the duration of

a | ogiqg 0
°} R ahelfP aroByfoHIBABINE Ui, 16 RBMAEHRAIng in a

changlng t e recei evi ce upon
detvearki the ire¢had aompsrbsmg)ihe stepa osfval t state wherein

e A 0 7ol F BB 7Sk Bl Bt o
@”8@@5‘?@’9”@\%“&95%&&@@@'dbt@ﬁané‘ﬁ*dléé‘?*éﬁ ng the internal

the receiving device |nned|ately upon
det ecchaggingethe strieecpfitihe derelying dexivsi tpen, defecting the start

RU) o il el R PRleBInE TERNinY APvee REisclsERRe the star
bt a pAyiRId@stactpandraiseRih inthe lfarnmot @ p’bbdéwrmlﬁéd?loglc transition;
recei ved data transm ssion i s encoded i n accordance

wi t h adiastingdthes inderiahelpaknobifie seeeivingciayiee imrpegiiafely upon
gj%tedﬁngemlé)d ngquﬂ?ﬁﬂbﬁalldcﬁ\fmu réﬁ&ﬁbhn%d”‘ 4d 'YBS 's?hcltil%hlze the
recerving Bevice in nicati oh network e
netaividg cavine wiithgothbe devieps reteivingctiievilatg teardgmniasion within the
rﬁ{@_ i ssion fromthe network; copying a received
ot fromthe data transm ssion; copying a
recei ved nei ghborhood list fromthe data transm ssion;

11. A method as claimed in claim 10 wherein the received data
transmission is encoded in accordance with a method as claimed in any one

of claims 3 to 9.

12. A method of dynamically allocating a timeslot for a receiving
device in a communication network, the method comprising the steps of:

receiving a data transmission from the network;

copying a received timeslot from the data transmission;

copying a received neighborhood list from the data transmission;

searching the received neighborhood list for an unused timeslot in
accordance with a predetermined logical search strategy so as to locate and

allocate a timeslot to the receiving device.

13. A method as claimed in claim 12 further comprising the step of
providing access to the network for the receiving device in the event that an

unused timeslot is located and allocated to the receiving device and,
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searching the recei ved nei ghborhood Iist for an unused
timesl ot in accordance with a predeterm ned | ogi cal

W@ easobusst rategy so as to | ocate and al |l ocat e BCT/SG2003/000293

tinmeslot to the receiving device. 13. A nethod as
claimed in claim12 further conprising the step of
providing access to the net wotk for the receiving
device in the event that an unused tinmeslot is |ocated

and allocated to the receiving device and, wherein the
r ecei Whegeiethe seceivingerlayiea Snopergessn aolemmlemode where

A i G2l TEC s horh i Foapie BRnbs ™Y 7 e

conprising the step of operating the receiving deV|ce

in a Normal/Listen node . in the event that an un c{
ti mesfét i & mathod@st @Jamaﬁd i Flsia b3 fughengoarsing: hg step of

g‘é&eﬁﬂg t?{%erre% nﬁé}@l | LN GIea/TORG h%dé% hhéR&fent that an

rin S own of transm Ssi on,
UﬁOQ&athln@sﬂ:&% aet Exctatambeallcndeaed éo dhey Baceannlg detncet wherein the

Normal bistan i st 8ot B1at aRisi-Bulte o) ThrRsloygoroaf Smission, the
f%egya 4 § 'dgglctehé‘ctﬁ;a?éés thFeceﬁ\?éreéﬁﬂ RSk i Hahsmpasket

as 1nclaiml froma transmtting
devi ce; processing the recelved data packet as

(15 VR RO I s o

FRRIACYAEE tR Fhethed cobaTbiRird iheastdpyiofe i f the device
does not have an% nei ghbor and is not .in network

det er FeaRiving @ daia acket fermattad as in claimel PHL frem a transmitting
éé\(hgédance with a nmethod as clained in claim12, 13 or

sed on the follow ng predetermned criteria: a)
i f t hpratssirg) the rectivied daté packebasifallosvst D val ue i's

| ess than the transmttin evi s ID, performa
dynanF@pHP%Q%tr?%?{"%‘F nﬁ'm%ﬁg%?%fFStb) if the device is
not i gop@ hgqﬁg rédslvé P anidsfstsm tting device is in
netvvorﬁ forma dynam c allocation of a tinmeslot;

c) |ffarhengiea/|r©é\Naﬂﬁthheﬂ”ﬂ devisetandghediansanitiing device if the

le{n%gd oe'snnoef h%%tewon elaﬁbor and is not in network;

determine a dynamic allocation of a timeslot in accordance with a
method as claimed in claim 12, 13 or 14 based on the following

predetermined criteria:

a) if the device is not in network and its ID value is less than the
transmitting device's ID, perform a dynamic allocation of a timeslot;

b) if the device is not in network and the transmitting device is in
network, perform a dynamic allocation of a timeslot;

c) if the device and the transmitting device are already in a network, do

not perform a dynamic allocation of a timeslot.

16. A protocol for dynamically expanding a network of
communicating devices, the protocol comprising the following states of

operation:
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not performa dynamc allocation of a tineslot. 16. A
prot ocol for dynam cally expandi ng a network of

wa@ eomedseat i ng devi ces, the protocol conprisi nBCT/R€2003/000293

foll ow ng states of operation:sleep, wherein a
device's transmtter and receiver are inactive and the
device is waiting for an ext ethal tri gger; wake up,
wherein a device's transmtter and receiver are

enabl ed by an external {tr

| i gger;..scan, wherein a .
devi cElegp whargiera deviceri IrADSTUST Pk EFSAIVR Gchaptg and the
%h,iégiya,aﬁ &Hr%sé;}téﬁa(p@éeﬁgm ot her devices; listen,
in a oca

ere Ice is a a timeslot, synchronized
t o t hevakiengs whrsinod devicets ttensmitter saddresedier ahaenahbled by an
device qnly has its receiver operating during its
e teg9¢% nesl ot ; normal, wherein a device is

al | ocghadl nbicir s @dyide's NRLEivRP IS BoRtIAUM EcRihg SUB that it

tinmeslots of other devices and, such that the device
dcaassior tiandoissigns fronabtheratesdcas; mesl ot and recei ves

during .every other tinesl.ot;, ne rk,. ei '

s al Teiel; dheren ﬁeg?WPef'gral}oé:@é%@i%gn\g]fi&f SInBnfERZEE to the
SSRGS tdfl BBef bR DI tHattthe devies! @ilg teds its receiver
ot her devices in the network. 17. A protocol as

apesating duringl its allomgted timesiotconpri sing : a wake up
ti : ' ; i. ti . . : . )
et noPRIARaNEigR’ & Heyicd o (iSBhied £ffByict | HRhouf being

Sherebhizbbetos tiae thhasletsc offutherslevivest ahtipwinl that the device
transitions: the device detects transm ssions fro

teaneenita srpgstsaplipcaied Bmesie) and iaedEs Syng ?YWQ%‘W timeslot;
for i Béﬁ/l/(g'ka%egéh”a YeTRSis| NIREE FfeRs For rRedBRAR®@nd for

as clarnmed In claim 15, start a network tinmer and
temtsamnitting andtsynchrastizedeio theetiniesiototiethet devices in the network.
transni ssions from ot her devices, determ nes there

17. A protocol as claimed in claim 16 further comprising :
a wake up timer;

a scan timer;

a listen timer;

a normal timer;

a network timer.

18. A protocol as claimed in claim 17 wherein the scan state
comprises the following transitions:

the device detects transmissions from other devices and is able to be
allocated a timeslot for itself and gain access in accordance with a method as
claimed in claim 15, start a network timer and enter the network state;

the device detects transmissions from other devices, determines there
are no timeslots to allocate, starts a listen timer and enters the listen state;

a scan timer expires and no other devices are detected defining no

neighbors, a normal timer is started and the normal state is entered.
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are n o tineslots to allocate, starts a listen tiner
and enters the listen state; a scan tiner expires and

wmeooshbuse4 devi ces are detected defining no nei BAThS6EH03/800293

normal tinmer is started and the normal state is
entered.19. A protocol as clainmed in claim17 or 18
wherein the listen state conptd ses the fol |l owing
transitions: the device detects that a tineslot is

avai l able for allocation dye to a eep, state bej ng.
. nvoké% by AoRiEotggol rﬁﬁ@'aﬂf‘ﬁér'nd“i%’ﬁbjz oro§ uiereld hRdisten state
%thq"ﬁty'@ réépgngﬁb\‘\@rk state and a network tiner
ar ed befor

eaving the listen state; a listen
ti nertf@(d'ewee dete ctyothat nae ginoeslok isaarailaiie e‘or allocatioal due to a

S aD 1R EURD SRORRY Bhadr Taoth elhos Geviaes, Bldaifs the timeslot,
éht%g“iﬁe | otk %ft%tél %ﬂ(\)(ii*};ao héthBricl Amupas dtartth eoéfefméavmg the

State conprises t W ng transitions: the device
litéestadenewl y transmtted rressages from ot her deV| ces

a network tijver is started a t he, devi ¢ nters

P ot ot Mister tlen ot Abg- RS0t i AvafaSR, & Ro&l timer is
$tABAHRPINR deVic® ma%B 2he qtgtérp%t@aﬁd RfEs ke In@nhbestate
normal state; a normal tinmer expires, the device

disables it transmtter and receiver, starts a wake up

timer nd n h t 0@l :

| a8 RT3 S R Bl i B 35088 ein the
Sl staepcdraprsddihel follbwiMgigahsitons:t | ons a networ k

timer expires, the device disapbles all n?unlc tions,

pomerfé‘edémﬁ'ces‘i%??@ "éﬁ%ktéa@&mttﬁ%meéﬁﬁg devices, a
x@m KBridral Steifoc’and Pn@h!eﬁ Yedriels @k@gﬁ%rw Sahe
all ocate a

e timeslot It S occupl e nunber of
nei ghtber del‘exzeakzes nott tetect anyr tkansroissians fre@moothenalevices and
devi.ce.starts a t| mer and ent'ers the scan state.

r?ﬂ‘a'ﬁsﬂi‘ eoEBTm%ss €aimed in any of clains 17 to 21

wher e hdrhfal tiie Sxphye tie devrie! @iBabled iLBhEMmittdrand receiver,
that differs for each 1nstance of the tiners being

stads ewake upHENgr grch esteis dge wake upptatat us adapted to
format a data packet, encode dat a,

21. A protocol as claimed in any of claims 17 to 20 wherein the
network state comprises the following transitions:

a network timer expires, the device disables all communications,
powers down, starts a wake up timer and enters the wake up state so as to
allow other devices to be allocated the timeslot it has occupied;

the number of neighbor devices in the network drops to zero, the

device starts a scan timer and enters the scan state.

22. A protocol as claimed in any of claims 17 to 21 wherein the
timers have a duration and expiry time that differs for each instance of the

timers being started in the given states.

23. Apparatus adapted to format a data packet, encode data,

synchronize devices, dynamically allocate a timeslot, provide network access,
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synchroni ze devices, dynamcally allocate a tineslot,
provi de network access,o r provide a protocol for

walgmansasad | y expandi ng a network, sai d appar at BET/SG2003/000293

i ncl udi ng: processor neans adapted to operate in
accordance with a predeterm ned instruction set, said
apparatus, in conjunction w t#6sai d instruction set,
bei ng adapted to performthe nethod as clainmed in any
one of cI ains 1 tq 22. 24. conput er program product
@h&r‘a\d A paom%u@refim%w@ynﬁa IRg\A ﬁ%fw%‘g&aé& apparatus
gﬂﬁm&g program code and conputer readable system

enbodi ed on said nmedium for any one o r nore of
f or maptocessar daeanzac kdapteshc tali pedaiea, insyacdordanes ngvith  a
devj ces, dynam cal | y al locating a tineslot, providing

Pradgaieiningd drgiruciion #%vi di ng a pr ot ocol f or
dynanmical Ly, Sxpadh %nﬁjrﬁﬁfo‘ﬂoﬁ/ﬁh Mid "'rﬁéiruﬂ:tl@ﬁtﬁt being adapted

processi ng systerh sai uter program product
tionpérdokinm ghe owtpod as alzaambineamodee\mf claimsslaioc2Z onput er
usabl e nedium for perform ng the nmethod of any of
claims 1 to 22. 25. A nethod or protocol as herein

3: :g: gggg A2EomPlictipheg it prédudtiinslugingas herein

a computer usable medium having computer readable program code
and computer readable system code embodied on said medium for any one
or more of formatting a data packet, encoding data, synchronizing devices,
dynamically allocating a timeslot, providing network access, or providing a
protocol for dynamically expanding a network, within a data processing
system, said computer program product including:

computer readable code within said computer usable medium for

performing the method of any of claims 1 to 22.
25. A method or protocol as herein disclosed.

26.  An apparatus or product as herein disclosed.



