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WD 2005/ 027553 PCT/ AU2004/ 001273 -1 Locating system
utilising adjustable transm ssion power in a

wore@so2m63 | ul ar network Field of the | nventi onPdih&U2004/001273

present invention relates to a conmunications system

for nobile units within a facility. The invention has
particul ar application to |ocation and nessaging 5

systenms. Although the inventioq will be described in
relation to its application to a passenger term na
facility such as an airport, it is equally applicable

to docafingsygem uslisiog adjustabletrangmispian gowerdn pspigko-sHulgr network
a person or object is required or where nessaging to

the person or object is necessary. For exanple, the

IFMM8 o i InventiélpP! i cabl e to hospital facilities where
monitori ng of nmedical staff and patients 10 Iocation

and the selective dissem nation of nmessages to st

REL wegﬁntﬂnwﬁtqryrelatﬁ@.t@ec,commualpamrys eny pémnplle units within a

R A 8] T A PORRERR, 35 MRaBEh ap essaars

Wzst%ms CAlthicngIgtrw ipvedticmwildes descritadd mnrelatmmsﬂmtmlappllcatlon to a
ich 15 sends a sjgnal or snginals to

10 a set of .
PSEENART JSURINGhfAGHItY SHgh 28N rRe"G kIS wai'y applicale to a range of
Er%eﬁa%llglgs“\?hér Wesabéatidner o %?éorf ?@t is re%wred or where
transpon $he Fecal vers is dent T cat
megsmlglmgﬂd) tie pergpmabr object tme\ecemryerEort exaimple, the invention is

SPglieable Manhowta rarLliem UFe 8 ACEIGRAY & Plodisl Safnd  pationts

SeioR! aRd QHéssQéI@&n}énUFsséﬁuﬁé}% 8PInfedsagdst B ﬁta‘ﬁecbﬁ‘eslgmflcantly
ocation of the 20 transponder, and consequently

prapeave éfficiehey.facility. Messaging systens are knovvn
such as Short Messagi ng Service and Paging Services.
Ehe e often send nessages froma base station to a
@@gg%&dv\hi ch displays or otherw se conmuni cates a
message. A systemthat includes both a nessagi ng and

|L©@Etid)r0§y§t¢ﬁfsefm'||Cﬁ:dtlhg\mpél’f80mdd$bjélﬂ vﬁﬂ‘tueratfabﬁxty are known. Often
5,543,797. A nonitoring asse

d t
these gpgtaterPyp %@pnecafaﬂré@tagoe,(mé‘ nmmlscif«* ﬁgﬁgmn:tr@%?ﬂ%der which
BRI Kighlf b dighals RS W 841 b réteivdr8WHIERGR turn send a signal to a

central processing unit. Usually the signal from the transponder to the receivers is

an identification signal and the signal from the receivers to the central processing
unit includes the identification signal from the transponder and signal strength.
The central processing unit is then able to determine the location of the

transponder, and consequently the person in the facility.

Messaging systems are known such as Short Messaging Service and Paging
Services. These often send messages from a base station to a receiver which
displays or otherwise communicates a message.

A system that includes both a messaging and location system is known from US
Patent No 5,543,797. A monitoring assembly and system monitors the location of
mobile objects within a structure. The assembly includes a plurality of transponder
means, transceivers located in spaced areas about the monitored structure and a

central controller that monitors the location of each transponder. The transponder



means, transceivers |ocated in spaced areas about the
nmonitored structure and a central controller that
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transponder WD 2005/ 027553 PCT/ AU2004/ 001273 2
transmts a signal in response to a signal, containing
the transponder's ID, froma transceiver. Each
transceiver is connected to the controller in parallel
and sends the signal containing the transponder's ID
and all transceivers are able to receive the signal
fromthe trangponder. e trans elv IS, COtL: ct Si

T !
TSRt SNt ERSESNS§ R 2 R@NBb cRAIRINING e dEnsheNder's ID, from a
QPAHCRIver OTE A ﬂrﬁscemé? i§ %th@&tb@rto%érc%ﬁtlb"@r N\abé‘r%ﬂel and sends

In a nmenory so that the | ocation of etranspon er
Ithelﬁmai containingdhe gansponders 1 @osl aibttaosmwg grerable to receive

0 e VB AR R s e pppn and otrer

adma@na f@ﬁu@ratthlsrt@ the Tehbgltdriebllep. ThBRRAtrolléestorsy thel values in a
conputer to the receivers, One solutionis to 10 send

tmemseiry kg thatothe fecationepl dhe transpeadeers riknowsbrplibertransponder

A T LA

unsafe. Additionally, a relatively |large anmount of
egrdargt bysiemsbéorrexampledntaamwosmnyl|budd|eg, large amounts of cabling

S|nulta usI e nunber receivers

tiRdPEREe aé?é%nsﬁﬁ ﬂﬁ se'ﬁf%mmp%er &R éfef? SRCEMEor One Solution is to
R gRUCH O 8, eefibrs fotie el RipRbP wirelessly, however in
rletget applllqatlbnwthpqamverl lequlred t0i tearisowiti the signighés large and may be

hele: i 8 etatyieb e rBRu™ & BaBFRET apupe eauied to

%rﬁﬁlumdahé §|n%lfa§'1@oh'sFyM/v|ﬂP§Wér‘gélrﬂﬂnl?elfcﬁ‘ﬁbééibers
controller, a pluralify of 20 wi rel ess base stations

havi ng an adj ustabl e transmi ssion power, said base
it i mﬁfefq@eidﬁylraba fa pravide enlesalieh andigianessading \Byptem in which

R T S e e L

Spawerdeselsi nto a plurality of mcro-cells each
i ncluding at | east two base stations by adjusting the

'reJ ess transni ssion power of said base stations such
tisclosiire gtibe nvention;

Accordingly, in one aspect the present invention provides a communications
system for mobile units within a facility comprising a central controller, a plurality of
wireless base stations having an adjustable transmission power, said base
stations being distributed throughout the facility for wireless communication with
said controller and said mobile units, said controller configuring said base stations
into a plurality of micro-cells each including at least two base stations by adjusting
the wireless transmission power of said base stations such that at least one base
station in each micro-cell is a member of another micro-cell, at least one base
station is able to communicate with the central controller and all mobile units within
a selected area of the facility are able to communicate with at least one base

station.



25 station in each mcro-cell is a nmenber of another
mcro-cell, at | east one base station is able to
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10

15

20

25

units within a selected area of the facility are able
to communicate with at | east one base station. WO
2005/ 027553 PCT/ AU2004/ 001273 -3 I n a second aspect
the present invention provides ; nethod of wrel ess
comuni cation between a central controller and nobile
units within a facility via a plurality of base

at,i V] djdist I ] SSI . .
e, BtplsSad e ot AR, FAGBGH R, matnod of wiless
commonication betwédn a?aﬂmtm@nbn@%llagarmﬂmobﬂé dinfts rmthtilh @ facility via a

it i Si onfiguring the base stations into a _
et P e S aG, R e o e oo, istibutec
UARROHLR! AW Bl 708, OprHARLEST WIS E5Rer ano s
vagleilesunits comprisingdonfigoring thed basé statiomsribera plurality of micro-cells

' : , base. ' I, bl -
ARNFFEHEL S B tvBiorSoaiPE (585 RS Fansmisson
?@Wdrﬁ)fls@id payé shitidnd fKrhahbedt RaBRondbadk dthfon in each micro-cell
acility are able to communicate with at | east one

ise Bembern of paesteeabmicresel, mtcleastebhei hasedstatian is able to

I : I.0ns I nher.s of. other
SRR 13 BbofAociRlerhSo IRGE Pt HBR o selected area
lof thefaeiltyvareaablesbcobfgnis bR with it IeH3€oR@ HRse Stalgnons
preferably transmt periodically a nessage including

its.unique 15 jdentjfication nunber and its

Fhéfesabiy s Tpisierel meliasaaldoss dodngs sirlioas fhat are members of
el Richsicand i st of signals received from other base

stations and the signal strength, expressed as a

fraction of the transm ssion power, which is al so

Prefesably: he wiicrb-aelle includedeteeen itivocand six basdstationd. The base

itt] . The base, station t i SS;j _ _
SRS, PrafRell aifansant cpeaededl 't armediete | Bokiiaralts unique
etifioftior? upibdragard StsatrafsmitiRg Wekier E4&h %%'s_lesstagon preferably

According to the invention nessages are transnmtte
Aaintainge ac isthohi signals nreceivedefroby adhéradasst stations and the signal

laAGH telgsddf JBSSRLR & thé at?'aGnssr%%tsio%nspovv\'/ietr,h 'Whidh is also
transmitted with the unique identification number and transmitting power. The base
station transmission power is preferably altered such that there is minimal overlap
of base stations between micro-cells.

According to the invention messages are transmitted over the communication
system by a base station transmitting the message to all base stations within a
micro-cell to which it belongs, and at least one other base station within the micro-
cell transmitting the message to the base stations within another micro-cell to
which the other base station belongs.

In one form of the invention the communication system is for locating and
messaging to mobile units in a facility. The base stations preferably each have a
known location and the micro-cells which are small systems of base stations are

within a relatively small area, when compared to the facility.



mcro-cell to which it belongs, and at |east one other
base station within the mcro- cell transmtting the
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to 25 which the other base station belongs. In one
formof the invention the conmunication systemis for
| ocating and nessaging to nobile units in a facility.
The base stations preferably each have a known

| ocation and the mcro-cells which are snmall systens
of base stations are wthin a relatively small area,

SRR 8 Sl SO B0 R R g oo

SighhRNE&RsPISY dbgite foCdibplayigandssayes, apoveerguairse and at least one
di'spl ay device for displaying nessages, a power source

asef interfasgdor aereptingan NRVEIERCR PEBONaccepti ng an

i nput froma person. The central controller preferably

rRe! ' f tions of the base
106 ¢4 HARORGE e RIaD FARLEE ABdRE lodhtions of the b
setiohy efdaa dapdbasei afnetich hase stationsobave regtived apeply signal from
convenj ence the application has coined the generic

ther mobbe 8Nty ea Wrel ess  Security (LAWS) systemto

descri be the technol ogy of the invention. The

FBV@BE\i/é’rﬂeH\éé thehappiRatieR Hisi dfited the geagiioterhmLocal Area Wireless
ocat i ng passengers in an airport 10 passenger

Secuiityd LAWS) systymdadigsctbe thertpchagiogye] thg inyention.
reference to the acconpanying draw ngs. Brief

scri P foth .00 F ' 88 defs i irport
APl Wi Be deBLBET i tehaich & loPating pEsTidehs n an airpo
pasSertfer tdreniagnTaciHtyt sinds erovidingeanessagesngith tiefdrence to the
and check-in for an airline 15 passenger departing
ACEPMAANYNG S6AWINGS; | i si ng t he communi cati on system
according to this invention; Figure 2 is a flow chart

gri@fb%gg}i&i&{ ngtrhg [;fawp@c# ng the steps, information

hponents used between check-in
and boarding of an aircraft; and . _
Figure 1 is a schematic flow chart showing the steps, information flow and some of
the components used between booking a ticket and check-in for an airline
passenger departing from an airport utilising the communication system according

to this invention;

Figure 2 is a flow chart similar to Figure 1 showing the steps, information flow and

some of the components used between check-in and boarding of an aircraft; and

Figure 3 is a schematic drawing of base stations and area of coverage in a facility

using the communication system according to this invention.

Best Modes for Carrying out the Invention

System Overview

The communication system of this invention in its application to an airport
passenger facility involves the use of radio frequency tracking device or mobile
unit (MU) that is issued to each passenger when they check in to a scheduled



Figure 3 is a schematic draw ng of base stations and
area of coverage in a facility 20 using the
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Modes for Car[ying out the Invention System Overvi ew
The conmuni cation systemof this invention in its
application to an airport passenger facility involves
the use of radio frequency tracking device or nobile
25 unit (MJ) that is issued to each passenger when
they check in to a schedul ed WD 2005/ 027553

afgé %%Léé[%q) %{Ui Eéﬁgﬁﬁapﬁ] 3@\4{ :Esf%wgg tququely identifies the
aés%b%ia'i‘é@q) %é éWeWheTE&nmioﬁaWs%‘nﬁﬁﬂrﬁg‘|ﬁ¢/eﬁtf6nsallows the

I nventi on | ocat1 on of an be tracked
tIbcatiorhaft am hMLt eto nbeuaﬂradl@du throughout me daemmabsfaalgtys and allows

[rﬁlsgggé% %1?3?” 8ff|li}1elt<ﬁ€éa@%£§ggg%£s ae,[gﬁlo I\tfbl-e I\/ghcfe(l)rr1formation of

SthegyERskAgél. OFYQQF@ﬂ tis ahsaMeRthticRow ERSE shBwilg/ 8¢ §t8fs involved and

informati on fl ow between the tine a passenger nakes an
anformeéwmﬂqmdmtwge@rthe ﬁun@rea@éssgwgqrcm@kearﬂm air travel booking or

CASRBHEE 3 R el 502 AR o TR ahhGR! BEfydlpor of o

PRcS ERGRIshas the @a:h?dmﬂlmgp@tnvowwqhaas bagsenderahaking a booking or
The gassen ger makes a booking and the airline data Is

WHreRRsINg v dickst a Thea\p@rssgwrt MaKes 2 LOokiN @8enthex pline data s
ar'é?’ne%\fe?inﬁ LtedvQvs ﬁthSr %ﬁ%ﬁkﬁ Ea‘éhg ﬁ‘%nsm tted over the

i'on 1ransport SOCI a net wor
aemd;tmgelntémakomaj A\yatmnTraﬁsgmkt Asswmm'd(lA@Aametworks to the airline
Qrt proceeds in the nornal

9 i Y5 G o IRk POTeRU alTal itk Agesbessia the nomal way
Qe |f|’¢ W@erlﬂ{ehé Eglsﬂhg%aﬁtles"pﬂﬁeﬂgg de?'dBta N d@B%yed at the airline

led wt passenger |ne conput er
syprratar's3emninal hadevepified ivathsthe pmengpdatTé‘@ airline computer system
flight data.retrieved a onf.i r rom, flight .
I PR bREBu TR Vi, B s dptrexpd it eonfimed from
tghtIARTRIZEBH dateitdeis)in tise RAGWA idtheand the usual
baggage data recorded and seat allocation steps

proceed. This information is downl oaded through an
M\t eheglcin dhe RRRRANGYHddendityds reanfiemed anrdtthgi Hsuglebaggage data

'1%%8?0%01 %nﬁhgeat allocation steps proceed. This information is downloaded
through an interface of known type to both the MU that will be issued to the
passenger and to the communication system server (FP Server). The transfer of
the data from the airline computer activates the MU that is given to the passenger
and sends a request to the FP server to admit a new passenger identification
corresponding to the MU to the system. The FP server operates through a

network control which communicates with the MU via the system.

Figure 2 schematically shows the path of an MU designated MU 1 through the
communication system from check-in to a boarding gate where the MU is returned.
The MU units are re-chargeable battery powered transceiver with onboard
memory, RFID chip, LCD display, an infra red port covering IR transmit and
receive diodes, a user interface in the form of a button to scroll through messages

and data displayed. When not in use the MU is stored and transported in a secure



20 passenger and to the comuni cati on system server
(FP Server). The transfer of the data fromthe
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passenger and sends a request to the FP server to
admt a new passenger identification corresponding to
the MJto the system The FP server operates through a
networ k control which comuni c_a(f_es with the MJ via the
system 25 Figure 2 schematically shows the path of an
MJ designated MJ 1 through the comunication system

HATAPRBGSaser REcRISg Bt BUEPET oa. AdIESCRh M Osa Y hSg placed in these
B%%@I%g%ﬁrrﬂﬂsﬁé’ﬂté/ lisVihald C}%gp?édﬂnar hy: thBFI\R’D SH' |9 enabled as a

Isplay, an infrare t coverin gIRtra
atala coanectian ahddesdmnosm protessésacd nonbies o‘fdlght efmtamg diodes

bUt ! on to 5‘%&{ %%é‘ﬁé’#l%@‘@’s Ssaﬂﬁglq |o§?pgg8§§e§sndThe communication

tsrc\gfé?ﬁ% n9sHd DpafsLebfi€s Wb&@@@t&?&@ﬁumbered in Flgure 2 as BSO to
/ AU2004/ 001273 6 transport case encl osi nﬁ;aa numnb

@S tt.adhewopesationsof thmué\dwprlt@i eartsroftsystam will hel Qeﬁonh@d in greater

I\éh%g? e[é% aﬁnl ?%r%eg% %th %@g %t%ﬂgﬁnlg égﬁoﬂ%&ﬁé} I|'n‘ﬁted range

Rrfeenes. Pactimbes sthtion ghongebld tig trdhemhitsor eeceibke from closely
prow ded for diagnostic and comruni cati on pur poses,

Taacenthase el sTRpreaesa pademuyf gpaliersvariappigtg networks or
?ﬂ&?o bl %Sleggfrpﬁé% th l'fé ?atl%n gﬁ(}&rﬁmuﬁ%ﬁw with the FP

€ opeération o ndi vi par systemw
ke rdiers whidire dogsn ad r et m‘formlaicm Ired:mVedvfrdm atv lzast eome of the base
each base station is a |ow power limted range
t§taliNSi ver. Each base station is only able to
transmt or receive fromclosely adjacent base

St 'bsgé stan(‘J'n% r%bﬁ%fr@%r&\s?r)fﬂr%’ﬁ @f@nﬁfyaéﬁ&btrféfqm@m.as The MU
net wor ks m cr o-cel | east "one of th base

xteam‘ctesnalwas/snncewemmmﬂy |tr@nsmiltt whendheyfirsié heer" ampacticular base

all the jnformati receiv 0
(Fefarhok WP R PR 8 neEES o LB iR, 7RSS reports are
ttFHERRIttEd th e syslemt ddrvediRdhe m@indrifegtrbéd Bslowlhe MJ
devi ces al ways Teceive but only transmt when they

fi rst "hear" a particul ar base 15 station or when t )
dag Mbhmoyeputside tharange of sheysygigm, fﬁégéamelﬁapyieavmg the

ifport, a perimeter alert will be sent to the system server from the perimeter base
station. The time and place at which the MU left the system will be communicated

to the airline on which the passenger was scheduled to travel.

It will be apparent that through this system appropriate messages can be provided
to a passenger via the MU. For example messages about delayed flights can be
transmitted or instructions to urgently proceed to the gate issued. Additionally, the
system can issue messages that guide a passenger to a destination by providing

reference to physical features in the building and signage.

The airline staff can access the FP server to identify all MU's issued in relation to
a particular flight. This enables the messages to be sent by airline staff to
individual passengers or groups of passengers. The FP server is also able to
provide a display of the floor plan of the airport showing location of MU's issued on



transmtted to the system server in the manner
descri bed bel ow. Should an MJ nove outside the range
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perinmeter alert will be sent to the system server from
the perineter base station. The tinme and pl ace at
which the MJ left the systemw Il be conmmunicated 20
to the airline on which the passenger was schedul ed to
travel. It wll be apparent that through this system
appropriate nessages can be provided to a passenger
via the MJ. For exanple nessages ahqut del ayed f]ights .
hpagkiuler Bigse « VAROT MeTts a8 PEneaes aF aiin, iights'ahd sending

hesssdkd Qol %s%é‘er%séHSdiddegﬁ@i h ogtdneest Bd DsBRERMRs of time

can 1sSue nessages’ that gui passenger to a
deedsiengersoarebfropr avpattiogar pointefléeepassengeplfigits taboard an aircraft

RS Selae L858 b PRl B e <
issued in relation to a particular flight. This

enetheeSodrahggateaaeMUCshetiRBd thaifihe Istare aptiafd rétorn is logged to
i ndi vi dual passengers or groups of passengers. The FP

dbed? sewesl so able to provide a display of the floor
plan of the airport showi ng |ocation of MJ s issued on

027 / 0 ; i :
e AR 53 R Ao B 6 St of th b
agtdtisrendnd gnobitleMbgatitstio dpasritssthbelswand i denti fyi ng

di stances and estimates of tinme passengers are froma

rtigular point. If a passenger fails to board an
ﬁ@ﬁéyﬂ—”ﬁt'o heir | ocation can be determ ned and
appropriate action taken. 5 At the boarding gate the

Ml bsé 8tations tirk Mdettichl mecdiistluttiomdndtréni@éntical bftware, save for a
| ogged to the FP server. The detail ed operation of

tursqee hehencoded withényhecsafygieoper ati on of the base
stations and nobile MJ units is described bel ow. Base

f%%%‘% ?%% iér%n'%% d@?pﬂﬁyé& ahi 8R ?é‘%cg f%p%%@si G8bmisy (o provide wireless

identica ware, ‘ save
ucov@rage Of dcwileld avieahifropenaticaoir ther faciliBasEhe pagdisefocation of the
are deployed in enclosed spaces Sroorrﬁ? tfo grovi de, .
vibhysisally static) base station is known at the time of deployment in terms of an
Easting/Northing coordinate pair (this is derived from a site plan of the installation

in terms of some X/Y metric grid).

Given the complex topology within which base stations are deployed in any given
application, the characteristics of Radio Frequency transmission and performance
cannot be predicted with any level of certainty in advance of deployment.
However, experiments confirm a high level of RF transparency within and between
enclosed spaces, within a typical operating environment.

Base stations have a maximum transmitting range of approximately 50-100 metres
depending on the physical layout of the environment. Variations in transmitting
range are evident from unit-to-unit (because of minor variations in the manufacture
of electrical components) and at different times of the day (because of

atmospheric and electromagnetic variations.

The power with which a base station transmits (and hence the range of that



coverage of the whole area of operation in the
facility. The precise |location of the (physically
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depl oynent in ternms of an 15 Easting/ Nort hing
coordinate pair (this is derived froma site plan of

the installation in terns of sone XY netric grid).

G ven the conplex topology within which base stations
are deployed in any given application, the
characteristics of Radi o Frequency transm ssion and
performance cannot be predicted with any_ | evel

CEanSMISBIPN) roalthRen cynamically a§mtun% FBU%’@E% control.  The base
\?M%‘t?ﬁéﬁ%% 1§98bid 18 ﬁ\dgegg rjggé(ﬁjreﬂ‘fen E‘Qﬁears‘?%ﬁd ?trength from

n and et ween ose na-t
ogithrextanoth errba secstatiort or meesmdt(l\/&t)s have a maxi mum
transmtting range of approximtely 50-100 netres

endi n n the [ I t . of .
VERS Zevis Yavel B aniieliioy BSHS (72 tRo BT ohbis allows shor
UeEsade UiahsddliBASUSEhO miRiniElr Yéibb@lt Icﬂz@shéarut.heorder to operate
manuf acture 25 of electrical corrponent s) and at

defficientinta symewonised teet dfybgssestations dn a gystespHer erable maximum
n r gnetic variations. The power with which a
ngé%ﬁ?@b fgﬁ}atransmts (and hence the range of that WO

2005/ 027553 PCT/ AU2004/ 001273 8 transm ssion) can be

dgasarsiztiohy d@elrrbmllmg?c@rseﬂ@rﬁum whictn¢arotommmamidste avith each other
stations are also able to nake a measurenent of
r'ecH?"&rQoCQJ ﬁgnaTh%t"P'QFFgFﬁ"? AEINMANAGR M'Nepy i seftware protocol,

GFW) e e

r'tgl |ve ybgg\avé%an W 't h Zfo(S%ﬁgﬁtééf/ sechb%¥hrgcrg cells allows an

sissumptiomifetabe emdrsaedntahfactdrshare nomtkanpmmﬂt@l mlcro -cell and

over head, i n order t ef fi |ent y .

vnisantsn 1otab popias B0l bass aliofs s Jydtiioned dnto small largely

eR8epEndEnti r‘i'é’tWorké“fEﬁr{WldfP\”céhé}VélntBaﬁS/ 8pAidsORS each local network

operate in |ocalised groups which can communicate W th

eindlyiduatlyr The ridrecell peovides thenkasis fardoeatingsmabie units which enter
ed | oqi cal by a software protocol, 10 rather

tmqa: Y ﬁ%—gglll% The formati on of managed micro

cells allows an assunption that the environnent al

fBas@rstatidrs afd dontvolled ttbi fore &l setoof @vierlapging micro-cells, so that

information can be relayed across the entire network in a series of “hops”. A micro
cell will be of the order of 2-6 base stations which can communicate with each
other; the size of a micro-cell will depend on the physical topology of the area in
which they are located. A minority of the micro-cell members will be able to
communicate with base stations belonging to adjacent micro-cells. The micro-
cells will be managed so as to ensure, but minimise, the extent of overlap, thereby
ensuring the micro-cell is as localized as possible. Those base stations which
straddle more than one micro-cell provide the bandwidth constraint and determine
the total information flow possible through the entire network. At least one micro-
cell (and possibly several) are able to communicate with a central host server, thus

central communication and control is achieved.

Micro-cell configuration is not pre-determined; base stations will be deployed to
reflect the physical layout of rooms and buildings (eg 1 per room, or 2 or more in



because the total popul ation of base stations is
partitioned into snmall largely independent networks,

worzaosiarsish constraint only applies to each | o@alr/AU2004/001273
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network individually. The mcro-cell provides the
basis for locating nobile units which enter 15 and
| eave mcro-cells. Base stations are controlled to
forma set of overlapping mcraoycells, so that

i nformation can be relayed across the entire network
in a series of "hops". Amcro cell will be of the

aorder of 2- e stati s whi ¢h _can co

Jatder arspacas): sB3ee stations wilted) EGRUALS dBfbach:pther to form
trhﬁ:r@-*&éﬁé cairhbORg é&%\floﬁf \A}ilh%eabﬁﬁtmﬁbt%o dWﬁh? ob@r%‘fuoﬁrSecause of
| ocated. A mnorl he mcro-cell nenbers wl
acUrmmioalI)cdmngmg:Haeswttlmg bha@cmr@tlc&ns bel ongi ng to

adj acent mcro-cells. The mcro- cells will be nmanaged

oh PP BRINGS asER S350 ks pE SEYER R ol micro-cells.

Psch bhase Tstaten b?émbcﬁé@ltyl qasemhifew sstonds) aranzntits a message
t han one mcro-ce rovi de the bandwi dth constrai nt

ontajgingr its Heiqps IDhéogeihar withitBe teansaHssipB stisHeth ef that message.
( ancgyggsé tlSHtrhélﬁté;F% WE{‘of dtﬁ&sﬁas%nﬁaﬂ?) Rcaﬁe'hlear"

0SSibl'y sev are t o comuni ca
central host server, thus central conmuni cati on and
thenoéadmbaMistatm tramsmits deluniqueniD guaksbi toansneitsithe list of base

PTG T oA S 2P ST Rt Lond SPLGNERI Al ggmine

ImBRiber S of RE Io'%a@'fm&%"-@el! n WO 2005/ 027553
PCT/ AU2004/ 001273 9 | arger open spaces). Base stations

wi Il then negotiate with each other to form
rthitialy.cen pewerrhp, hagpstationsntransmit gk mjemurm pawerdrangey, gradually

PR A5 DlSFades, R PR, oo BRRRERE papg iptions, each base

HtAti®rp réd@ecess itetpowest, uatildthgoriedrastdrizéics wfnetalomicrb-cells meet the
mcro-cells. 5 Each base stati on periodically (ever
lyg)@ varied to

freauised pesgtian sefsminimak avgeaplye Feomt Bio R, PEWen Nl

I strength of that
n@g@ggg?ﬁ@g%w%“m é?étctg '%ﬁ%mrrc;?ﬁ?gsns a list of the

ot her base stations it can "hear". \Wen each base

Mizro-cells damatinesessagily haqejﬁxed)rmembershia. r fraswsiend chhvpges may be
léxsbtec?gd geag’aeuse of varying operating conditions. Also, the overall pattern will be
self-healing in that a “hole” created by the hardware failure of an individual base

station can be dynamically accommodated.

Mobile Units (MU)

The MUs are rechargeable battery powered transceivers with a unique ID. The ID
of each mobile unit is recorded on the system server against the passenger name,
flight details and other information at the time of issue of the mobile unit. The MU
includes onboard memory and a processor to run software associated with its
operation. The MU detects base station transmissions and determines whether it

has previously heard that base station within a determined previous time interval.



stations it can hear. Thus each base station can
dynam cally determne the 10 nenbership of its |ocal
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transmt at m ni nrum power (range), gradually

i ncreasi ng. As messages are received from adj acent
base stations, each base station reduces its power
until the characteristics of | ggal mcro-cells neet
the required operation (of minimal overlap). From
then on, power will be varied to 15 maintain the
requi red m cro-cell characteristics._M crcg)dlcel

M@buﬁe@@% il |epteragrd 1eauedmigrat&lishi T i Wit W%_P hear the base
Qﬁsstrgﬁé’m%‘%lor%gﬂﬁﬁ @thQPf‘Qs; aﬂfof‘{ﬁé_ |F&%ggl?h?§ddb%ment cycle.

conlt | ons over a ttern w
SEhé nhatzilei agit iwill trhaintain "shlistetf trisihled bdse statiohs,r thgether with their

i, A5 38 ) SO e e move
At U%fél% Qteﬁgé %éﬁ&térn\évp%‘é@é esﬂaﬁér@nélc Rist & %ré‘hbﬁ‘sl? visible base

unique ID. The ID of each nobile unit is recorded
tstetmy,soembsenmk aagmmfmant ité\apggsum@@e TRIRSS nelatlgnshlp for that

dﬁ%’? %Iar Egg%%f IOHTH ﬁ/lﬁf% v%@e Eﬁg% gﬁloﬁe?fotfﬁyg\ﬁ%ﬁt by passing

P4 PRESERE Wigh tHE uRRJUEVD Bf ﬂfesbéé,@ts%how Whlchtger%ated the event, as
operati on. The MJ detects base station transn ssio

awell astitsrrelavast McantRSS. Thadaseesiatinns Wl Hioplel (ﬁﬁatseparate note

(1 BB Photb B heTBerhaBDy AR 2ol 10 ey st server: The

uatatiormbf microteells alldwsahe eentral servet tosestifhatenthi phgssical location of
umt wll hear the base stations t{%nsm Ssi on

dBe mpbig unitsas b raainkRs aguriend lig @ ogg@as&aﬂg%w@ble to each
C%Bbﬁ%FgIh@ggﬁ‘ervﬁt%bFr e¥tikdat Hpstté}'lééht% thbﬂpolﬂfe unit.

VI SI se stations toge er wt
transm ssion strength(TS) and received signal
sllnrcamlgt b ReBrmivhwinethar thets has beania s@etﬂeantscmang&am the TS/RSS

S S Rt 1 RN, BB ol s n o
T@ ﬁ§30h9| fétrmoﬁﬁv"ﬁg f\@élgh!é%t avérigel @LUTMW/b)asﬁcﬁtshblrtOterm moving

informa visiblé base station of that event

pwe@hmp averages@&JMMAN @ﬂqﬁsmﬁad@r eachbasastation Thg purpose of

a%u|8{‘n&’”rh8\ﬂn86\£}8fg%eeod atngagee\ée[ét to $tnooth any temporary or random
fluctuations in signal. If the STMWA differs from the LTMWA by more than a
critical amount, then a change of location is deemed to have taken place; the
change is reported and the new value of LTMWA is set to the value for the current
STMWA, before the on-going calculations continue. The number of entries
contributing to the STMWA, and what constitutes a critical change, are determined

by experimental observation.

Distance Determination

Empirical studies of the devices operating in a range of typical environments (for
example, outdoors, indoors, indoors in closed spaces) allow the tabulation of
received signal strength against the distance between units, for different
transmitting signal strengths. Thus, when a unit receives a signal from another



well as its relevant TS and RSS. The base station wl|
"ripple" (see separate note 10 on Ri pple Protocol)
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The location of mcro-cells allows the central server

to estimate the physical |ocation of the nobile unit,

as it maintains a current |list of those base stations

visible to each nobile unit, tegether with their

estinmated distance to the nobile unit. In order to

determ ne whet her there has been a significant change

in the TS/ RS 5 rel ationshi p, and hence a, chan in

. (FRRSTIORE bt kB0 SUeRoty AP EECaNTER SRt Jpsed on the
tREaNERVigRal'strg tﬁdo@‘(r?‘étaﬁ\%séﬁé\’%’ b8Néstinhatell. t SH@ relationshi
rmv?lkg V\glﬁght edﬁ%verage (STMM), of TS/ RSS for each P
Heeteesh £ BB nirambmittagk pigpal sirengthl cededvadhgigmal istrgngth and distance

AR dSernY e Birigh Bhsp B BT HeElRa e ndfPiteee of the
LgeVafopuy MevResharher A9 sdriér ¢ah astvbte byheimpleC rdtgfilation the

of location is deened to have taken place; the change )
ilecatigor efecd ampbilae Unitw by| RfeegnaeTNAA Gashs chaseo gtations  location

oo Rk EF8 L i, PR AR
contributing to the STMM, and what constitutes a

RipblecRtotodul igeRemymgddeesagercAicrosy tiex Sgsiement al
observation. 25 Distance Determ nation Enpirical

sfudjes .of 't deyi ti N . f typi
bt e B Sad b eshif pShebiBofle = set o
| Rafhgs¢ dnfhesioctéd “Aerbbikaby! abhfjuration NAsigh Vdy dynamically
signal strength agal nst the distance "between units,

fahangiefih sespansettoapenating eenditiepsl strengt hs. Thus,
when a unit receives a signal from another WO

85 0. AR 0 ot BB B o

rErReered haldynal caitrs atd onfligHebaseasigs, anhisttte interface between
estimated. The rel ationship between ESS, transmtted

lignhlusets ahghack-ine aed \dapasiugn Aprications: pnsh theysystgAt and mobile
Z[F@q@atii& entirely enpirical based on the actual
ctroni'c performance of the 5 devel oped devices. The
FP server can estimate by sinple triangulation the
In order to conserve bandwidth and operate at relatively low transmission power,

the messages are not transmitted individuaII‘y to each base station in turn — since
any base station within a micro-cell will receive any message transmitted by any
other member of its micro-cell, by definition. Rather the message is transmitted
across the interconnecting set of micro-cells, to its destination, with the minimum

number of re-transmissions (hops).

The progress of a message being relayed across the system may be pictured as
the waves of a ripple progressing across a pond. Each base station maintains a
list of "visible" base stations that form the local "micro-cell". Appended to each ID
of the 'visible' members of the micro-cell is a list all other base stations which that
ID can see. Thus in the configeration shown in Figure 2, BSO can see 1, and 3.
BS3 can see 0, 1, 2, 4, 5 and 6. BS1's record of the ID of BS3 notes that 3 can

also see 2, 4, 5 and 6.
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woests/oraisad di stance fromthe nobile unit. R ppCca/AU2004/001273

10

15

20

25

Protocol for Relaying Messages Across the System As
descri bed above the base stations will configure
thenBeres into a set of 10 nanaged i nterconnected
"mcro-cells", a configurationhich may dynam cal ly
change in response to operating conditions. In the
system the mpjority of base stations are out of range

of the FP server, The server hol ds centra
dethenoA MesgRes/ ﬁag \geéfsby gnmergberh@fat,ppemlg@ ceII that member

Q?ét\éﬁﬁlﬁes%hlﬁﬁtotﬁ’érerﬁénﬁ‘feré:ﬁfaﬁi‘ rﬂn@roa%éil \Wllf’r?é\ﬁeufe%elved that message

app I catl ons and e syst em and
piteseawhich olvarlap deith tte caanmlmg/babarﬂiailm)h Tetw@ dherreceiving base

t relatively | t.

A S S AT B 50 s RS8Ry o o
'r‘he%é'ége to Hn@8jaceny miagecdll avhen r\é'lai)hhg" the ffhéé@rg"eetd the chosen
will receive any messa?e transnitted by any ot her

rmﬂmsta@pm el member&@ the yrreie¥ microresil. rergivieethe; message as well

S P AR R

m ni mum nunber of re-transm ssions (hops). The
Pif ¢y aessade & being agkerésseddtoraa myifwbum ibase statorsyhichris a member

may be pictured as .the re .

eripeculreg microrerlh migaeed foia Ewaﬁmttﬁeﬂéﬁ% ksgegf simply sent
[ n

té ﬁgr'agggg%? F@Bgzé%?éti Al ??tgaggwc lByct o#‘%frﬂgssa e |s H)elng broadcast

ntendlé MUsf(eg Her railcpasseeg(ars ena Ipasgicuidrl ﬂlghljethebathe receiving base

st agl on [ | D can see,

which th
SRloGepy! TAvIB o meSeRgn,ah o ASoAdiebl dnisro-gall utomaticall

E’é?suﬁéé‘ tR&CalP bade s@atlo‘hs (%nﬂné’djﬁcelﬂsmtk) fvﬂﬁﬁ’rﬁ (ﬂhé’fm’bhﬁcell will have
of BS3 notes that 3 can al'so see 2, 4, . VWO

ze@erveﬂbatsmemga,mM/ 001273 -12 Wen a rressage |s
received by a nmenber of the mcro-cell, that nenber

BB MURET kol e IRyl Fisaabrlo Yote mu. s
t hecessa) belybts tassmiti the) meddae td iise rbeeelstaﬁn@w Belssest" to the FP
server which will then begin the process of relaying the message. The message
will be relayed to the base station nearest the MU, since if that base station hears
the message, so will the MU. When a MU wishes to send a message to the FP
server then it simply has to send that message to its nearest base station, which

then relays the message across the system, eventually to the FP server.

Thus, messages are not sent to MU’s directly, rather the population of base
stations all receive the message, and therefore any MU within the system defined
by the base station population receive the message. The logic within the software
of the individual MU determines what action, if any, an individual MU will take to

any given message.

Some base stations will have direct ethernet connectivity (connected via cable or
by wireless ethernet) to the host server. In the case of these base stations, they
will not relay messages - rather they will send the message directly to the host



station can deduce which other base station is the
best candidate to relay a 5 nessage to an adj acent
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base station, all nenbers of the current m cro-cel
receive the nessage as well and simlar

deterni nati ons about re-transm ssion are nmade. |If the
message is being addressed to _gf_individual base
station which is a nenber of the current mcro-cell
intended for a local MJ, then the nessage IS sinply

sent 10 to that  specific bas 1 at th t
rﬁ%{?red and ?%‘éa@e mgsweﬁgg%&a doRm 16 d QS%M%GI'VGI' The

;Er%sfaﬁ&e/%béerﬁ’&%éf*&ﬁ@étsetﬁé‘rn%t E@ﬁﬁé&H)it?rwnfl 'd'e%@hli dnhfh% scale and the

recervin ase station, by relaying the nessa
ysax:amenamplament withiorwhicklany giveroapplicadibhys deploye s
that all base stations (and adjacent MJs) within the

Ca!cro cegb gll have received that nessage. 15 Thus
erver wishes to transmt a nessage to a
renote MJ, it is necessary only to transmt the

m$§®@@e§sarzhe tearsemis neddsages df anipdrhal temgtthdo Rake best use of the
server whi

will then begin the process of eI ax
CAaTRble. Ao e s onpsuramaX R BTayaatian o dNisb the system
s i
48 RRadE ool plfE 8hat ety to anabe s
ttnarss&mstsmnnaadamweq t dsd;Ro2be sahle do ¢drdrol ithe sisggey of bandwidth

Pesioliate PERRSA o saA SPsUro L LS Pyt Epls Units send the

eMﬁﬂFn%Udf LAsbiReGP Aty bs t5h45oid BRSSPSR ?)e%ﬂé in bandwidth
sent to MJ s directly, rather the popul ation of base

stsageons all receive the nessage, and therefore any MJ
within the systemdefined by the base station

B o0 NS 48 deledTana ' det erni nes. what
action, if any, an individual MUw | take to any

gMesBage Iyee(1 (ﬁmi‘actba)&aesymé obthe me‘sd;agméseeobeflm)
et hernet_connectivity connegt ed vi ﬁlrcabl e or

weeades ID & [&-bibeharagtarne Hodeviers W av%at%%ééblép generated
RO BT At et B Tty To the. host
VIRiGas/|D455@rRIErs)\ i d4viod tradingltBe message
Addressee ID (6 characters) — an individual MU or a flight number.
Desination Base ID (4 characters) — a base station nearest to the MU for which a
message is intended.
Message Number (1 character) a sequential count 0-15 maintained individually by
each mobile unit; the count is increased for each successive message that the
unit initiates — see below.
Hop Count (1 character) — see below. NB not required for A messages.

The hop count is the number of times a message is relayed before it expires. This
ensures that a message will not continue circulating indefinitely. The value of hop
count will be determined empirically when the initial system is deployed. Larger
systems of base stations will require larger values, since a message must be

relayed through more micro-cells to reach one end of the system from another.



server, and receive a nessage directly fromthe host
server. The presence/ absence of direct ethernet

woconsiecsizvity will depend on the scal e and t h@CT/AU2004/001273
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physi cal environnment within which any given
application is deployed. Message Structure 5 It is
necessary to transmt messages'of mnimal length to
make best use of the avail abl.g,bandwith; thus to
ensure maxi mum i nformation flow t hrough t he system
each nessage should carry the m nimal protocol

over head necessa to ena [ts transm ssion

| e
dedch ing tharagss 5aeed the hodioud] '%%%Cfeaag%uaw it reaches zero
WL f col design should
t;&ﬁsur eﬁkﬁgﬂtﬂoh@ﬁhgy%%g ngdeE{na?Fg send the 10 m ni mum
of unsolicited messages to avoid uncontrol | ed peaks in
Hanaddition, eastagzasemtetloo|wmvmagwtaler adransientelistneldinitiator IDS and

?{5338%31 g%(;%%gé ﬁgﬁe? re%géqr;qesti#%Hgggy%eg‘?gggssaagaqg%atches an entry

A&ty tHeeBsttheh |th|§\/rﬁ)t&elagédUel'l’ﬁ@hsttwlllD\cﬁQﬁﬁéﬁbﬁCbos%ﬁ)I@MUs since its
manufacture - approx 4billion pernmutations); Initiator

| MIrpase Haraady de syonier messages corently five . meisaplis the hop count
S r or a
TR MAEanre g BT nRer e e denEl o) %
base station nearest to the MJ for which a nessage is
i Priotoctd d. M@8sddes€agtenlunber (1 character) a sequenti al
count 0-15 maintained individually by each nobile
#ﬂi%é t he count |ncre§ 9 foioueach successive
g‘&és?ggtvopﬂgula%gqnql elowng, hel ow. Hop
Count (1 character) - see beI ow. NB not required for A
rm&sp.agq:roﬁhgggtgés@uah IS the nunber of tines a
message is relayed before it expires. This 25 ensures
that a nessage wil| not continue circulating
i Abbase stadiops peRedigally eutiut adin@ount wil |l be
determined enpirically when the initial systemis
depl oyed. Larger systens of base stations w ||
require |larger values, since a nessage nust be

IrElet¢yed through nore|@Hars-cel s to reach Gammedt of
the system fromanother.
Message Type 1 “A”
Sender ID 4
Transmission Strength 1 1-244

Ping messages are not relayed beyond the immediate micro-cell.
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nmessage i s relayed the hop count
at which point no further

undertaken. I n additi
mai ntain a transient
nmessage nunber of

relayed. This list w
since its
currently "live".
i1
ot

Thi

recei ved nessages.
message matches an entry 5 on ke list then it
possi bl e MJs,

purpose is only to nonitor nessages

EBTe TS Bast Steli bRpnihafee T8 s

consists of the follow ng :

on,

list of initiator

Il not cover all

s, plus the hop coun

10 A -

is decreased until
r el aypATEAU2004/001273
each base station w ||
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If a received

t

it

i s not

above,

ansm ssi ons.
S*Scabul ary
Ping From A Base

SOalyl stht WHenbRaansbird dtestsPLEhathe & ity vielbledet.a pi ng
Fi el"dChar sCorment Message Typel"A" Sender

Transmi ssion Strengthll-244 Ping messages are not

| D4

nmobhi |l e defects a cha

Ch@ggggeTwaB@ses PCT/ A42004/ 001273 Only se

ge to its visible se

t

nediatemcro=cett—— WO
0659 027553 -15 B - 43 Tells Base StatrSMMERL:
nB*when t he

FoendrIrby sCommrent  Meg
base relaying this ny

bdage Typel"B' Sender
pssage Hop Countl

T tid qnbase relaying

this message

Base Station RSSI

0-244 , 254 = deletion

Base Station ID

Hop Count 1

Message number 1

Initiator 1D 4

Base Station TSSI 1 1-31
1
4

Base station details are repeated for all the Mobiles current visible bases.

The mobile units may be programmed to report when ESS changes by some

critical value, to assist in tracking the mobile. Further it may be desirable to be

able to set the critical reporting values dynamically by a message from the host

server to a MU, so as to enable more frequent reporting from one or more mobiles

under scrutiny. The host server will have a variety of other queries to the

population of mobile units that will interrogate sets of the mobile population or

individual units to change mobile behavior extract information from them.




Message nunberl Initiator | D4 Base Station TSSI11-31
Base Station RSSI 10-244 , 254 = deletion Base Station
wolDs/Base station details are repeated for al lPCTha2004/001273

Mobi | es current visible bases. 5 The nobile units nay
be progranmmed to report when ESS changes by sone
critical value, to assist in tracking the nobile.
Further it nay be desirable to e able to set the
critical reporting values dynamcally by a message
fromthe host server to a MJ, so as to enable nore
frequent reporting fromone or nore nobiles under

The host. er will have a variety of other
q er%gf“ge?ﬁé@g)"ﬁmati on of nobile units that will
interrogate sets of the nobile popul ation or
' ﬁﬁ*ciétédw thlérblfbﬁt/h@stcééW&e }ﬂgﬁcélﬁim\)“ @la 3@@&@'@%8 the system as
informatiion fromthem WO 005 27553 -16 Message.
Feaquinedi | e LCD PCT/ AU2004/ 001273 Initiated by the
client/host server (PC applications), relayed across
the systemas required. FieldCharsComment Message

Frgd' C' Sender |1 D4 Haphdseunt 1 Message nup@eniment
stination Base | D4="0000" for broadcast “Ari”rir essee

WeseraeiTape Typel=1 f|dr free text =2 for &y type 2

Sender ID 4

Hop Count 1

Message number 1

Destination Base ID 4 ="0000" for broadcast

Addressee ID 6

Display Type 1 =1 for free text
=2 for msg type 2 ..etc

Message N For free text msg only

5
D — Set Passenger Details
Chars Type

Field

Message Type 1 ‘D"

Sender ID 4

Hop Count 1

Message number 1

Addressee ID 4 Mobile ID

Flight 6

Flight Time 4 Format 0930

Gate 4

Baggage 1 Number of bags — but
could be extended to
baggage ID and type of
accompanying luggage

Last Name N




MessageNFor free text nsg only 5 D - Set Passenger
Details Fi el dCharsType Message Typel"D' Sender |D4 Hop

WOCousn2issbessage nunber1l Addressee | DAMbbi | e | BCEIAM4B01273

10

Fl i ght Ti me4Format 0930 Gate4 Nunmber of bags - but

Baggagelcoul d be extended to baggage ID and type of

acconpanyi ng | uggage Last NaneN WO 2005/ 027553

PCT/ AU2004/ 001273 -17 Note thatj;a D message is sent at

check in when the nobile unit is under i mrediate

control; this nessage need not be rippled across the

system This depends on the configuration of the

Power Box for the nobile units 5 Once the details are

SNBfee%étnat hﬁrﬁ%&'a‘g@ W's%n ifM&het] Eﬂ‘i‘latrl?‘lﬁblle unit i under
all's thro a~sinple rlven menu on the al

Mmmediates cbatrohotmap'aessage sg@d aot ber epplied. acEEoss $be system This

R I;gyhtds-rcla eaggnf%%traetloﬁm 8{ tﬂd&c{v?e-r é’ox P/Er?ﬁ ob| enlltsE

Once the details are stored in the mobile unit, the user may view the details
through a simple key driven menu on the local MU — this has no impact on system

traffic.

E — Set Flight Time and Gate

Chars Type
Field

Message Type ‘E”

Sender ID

Hop Count

Message number

Destination Base ID ="0000" for broadcast

Addressee |ID

Flight Time Format 0930

B b O K| 2 =] b} >

Gate

Used to update flight information.
F — Set Operating Parameters in Mobile

Field Chars Type

Message Type ‘E”

Sender ID

Hop Count

Message number

Destination Base ID ="0000" for broadcast

Addressee ID

N o B 2] 2 & -

Value Bit pattern




Sender |1 D4 Hop Countl Message nunberl Destination Base
| D4="0000" for broadcast Addressee |ID6 Flight

woOBnesa2Rssmat 0930 Gated4 10 Used to update fli g@ot/AU2004/001273
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information. F - Set Operating Paraneters in Mbile
Fi el dChar sType Message Typel"E" Sender |1D4 Hop Countl
Message nunber 1l Destination Base | D4="0000" for
broadcast Addressee | D6 Val ue2Bigt. pattern WO

2005/ 027553 PCT/ AU2004/ 001273 - 18 Wiilst it is
desirable to keep the vocabul ary of nessages to the
m ni mum addi ti onal nessage type will undoubtedly be
added to enhance functionality. The above |i st

MRHiISE §Nis &é%ﬁaﬁ]é“'t@%éporthé‘ Vaeashi Wﬂé@%bbﬁgtoaﬂ‘i’e minimum,

nmessaging 5 system - fi Bases Send Detai’ls This
aadidlhsnaitmessage typetvwll rmdnutatadlyabe |a§idedft0I enhancerfunetionality. The
Iarllbove |IS{ re resen{s the rram{n?n(\:t?m“?or a ?%lngy r%%klﬁg and messaging
system.

G — Wifi Bases Send Details

This allows other units to maintain a list of local units in wifi range.

Field Chars Comment
Message Type 1 ‘G”
Sender ID 4

Transmission Strength 1 1-244
Bases in View 4* bases

Base station data repeated in the packet according to the number visible. This

message is not relayed beyond the immediate micro-cell.
H — RF Bases Send Details

This allows other units to maintain a list of local units in RF range.

Field Chars Comment
Message Type 1 “H"
Sender ID 4

Transmission Strength 1 1-244
Bases in View 4* bases

Base station data repeated in the packet according to the number visible. This

message is not relayed beyond the immediate micro-cell.



Sender |1 D4 Transm ssion Strengthll-244 Bases in Viewd*
bases 10 Base station data repeated in the packet

woaeeandsag to the nunber visible. This nessageTiA20#001273
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rel ayed beyond the imediate mcro-cell. H- RF Bases
Send Details This allows other units to maintain a
list of local units in RF range. Fi el dCharsComment
Message Typel"H' Sender | D4 Tramsm ssion
Strengthll- 244 Bases in Viemﬂ*qbases 15 Base station
data repeated in the packet according to the nunber
visible. This nessage is not relayed beyond the

[ diate mcro-cell. W 2005/027553 PCT/ AU2004/ 001273
-gggéﬁglbtion Referring to Figure 3, the conmmunication
system and rel ated | ocati on and nessaging systens are

fRéf@ﬂanerFq?Mée 3milh@> eORfRIMicaior ayskemaapll Uralhigdy location and
of m cro-cel h are linked together with t

msaa@mgrm@mmsfar@\f@ﬁn% arquids the iin senaepl @K/egwag a plurality of
b@i c%rat%\(lggﬁhlgﬂearQﬁﬁ?eagé{#etﬂgr Wl%hﬂh'é @”l}nru?ﬁ a%cﬁ{rﬁ @‘%\Jerlap This

secon cro-cel S neans

t bari eachievedrby émlplh@vmmmbawstatlbnma first mlcro -cell being also
mcro-cells. The' base stations 1-10 are |ocate

tiﬁ‘r @ugﬁg@nd trpicre-gelly i tT\;ns APRANSy Jha ag}qggt am @opm\l,gpple connections
fleen ﬁ‘[}?ﬁé@ﬁl@o £Re! S%Htléﬁ%’l A-3re Wothted Rrofidut the facility

are to enable quick communi cation
tbnd)lh'@hetadjmétableyp(bwen levBIsFoThexwaiopd-eells MG, ME2adC3, MC4, MCS

to base statjon 10 i.n MC6 . from b
s55d MisS 8re Bttns oneins ik somvaein trhadhadif svstem.
toits mcro-cell 1 (I\/Cl).
For example, if a message was to be sent to base station 10 in MC6 from base

station 0, base station 0 would transmit the message to its micro-cell 1 (MC1).
Base station 3 would then transmit the message to its other micro-cells MC2 and
MC3.

Base Station 6, a member of MC3, MC4 and MC5 then ripples the message to all
base stations in MC4 and MC5. At this stage only base stations 10 and 11 have
not received the message. Base station 9, a member of MC4 and MC6 would
then transmit the message to the other members of MC6 including base station
10.

The system of base stations will configure themselves into set of a managed
interconnected micro-cells under software control, which can dynamically change

in response to operating conditions.

In one embodiment of the invention, the communication system is enabled by a
software protocol in the base stations, which in turn governs the formation of
micro-cells. Each base station will periodically, every few seconds, transmit a
message containing its unique ID and its transmitting power. Each base station will
maintain a list of the other base stations it can "hear", together with the signal
strength observed from those base stations. This is expressed as a fraction of the

transmission power, eg base station A transmits at 75%, base station B receives



Base station 3 would then transmt the nmessage to its
other mcro-cells MC2 and MC3. Base Station 6, a

wormsherssef MC3, MC4 and MC5 then ripples the mressage4001273
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all 15 base stations in M4 and MC5. At this stage
only base stations 10 and 11 have not received the
nmessage. Base station 9, a nenber of M4 and MC6 woul d
then transmt the nmessage to thg other nmenbers of M6
i ncludi ng base station 10. The system of base stations
wi || configure thenselves into set of a managed 20

WRECHORAR B S il SyeratiblESS) 8P Blskrsriange
conditions. In one enbodlnent of the invention, the

CHHBH 4@ base StutibAMtdrsnafaitd Beighy I@ it %A HMBrtfansmit the list of base
protocol in the base stations, which in turn governs

t slations rutatdacbh seb. nihuso-eash basgsstationsean dynasricalyl lestimate the

ChiariarEfip ot i KRRl miSRSER AN Ve B RE e 6 pIRiRA"Ain adjacen

Eﬁﬁdfrobﬁﬁlg STlh@%i ]2 tm'sld staﬂ@d\ Béﬁb@eamb'trﬁér fsetdigtion, h/ﬂilch in turn can
base stations it can "hear" li)g%et her with the si

sse@ dgthirddraser station dhich o SBvisiie tor the; st bam%at@ then the first
eﬁQ&?&{%‘?ﬁn%o sthafd is! SQ@?E% pfc[)agépbfWh% t‘P\%"Yﬁfrd b&de station is

base stati on transm station
r aarember. WPhEORAGWIZAGE Is %@Eéﬁthﬂ&ﬁéth@@ﬁﬁﬂl& prafbdolie if a base station

signal at 50% t Ef f e Si I gt h i
ore%/eo/eﬁ@ massage N ANGHIH DFe St h bEIbRSA SaTPrs Can see the
LiAdesb Dok thald 'sté’ﬂ ttﬁéﬁ‘stﬁ‘e tif€nd | fdedto PR¥tRer propagate that

ations it can see eac[;e base station can
dmessagal Il-iovee\ternmtbe mteemngrﬁﬁesdtabombantseel basd stations not seen

] cro-cell S |1,.as the exten overlap wi th
gb}' gleeﬁ'iSt §éﬂ$%rrg‘-e fhesme meﬁ{% e rele¥edt at i on can
see anot her base station, which in turn can see a

t itidllyb @t ep S et i nbubé hatichs' WV iteinghet at aniauf dtver, gradually

base st ation, then the first base station knows there
i mcmasamg adsnmessages @&t reegivemi icom: adiacenty bage stations, each base

. @Elbﬁ Aﬁgd@?gﬁg}ﬁWerTﬁtﬁ t#%%%?a%géar étr?:sec?sisgél' r‘ﬂ‘cr& ‘?:ells meet the

ase sta Ion recei

nesfaed operatienasfheiinibas ovetlap) OFrcﬁﬁOthbntdjn,bpe\Qer wnl be varied to
stations can see

t he
maintain the required mlcro -cell characteristics.
In this embodiment micro-cells will not necessarily have fixed membership.
Transient changes may be expected because of varying operating conditions such
as humidity and the amount of absorption of the signal by the environmental
changes. The overall coverage of the system will be self-correcting, in that holes

created by failure of hardware can be dynamically accommodated for.

In the system, most base stations are likely to be to be remote from, or out of
range, of the central controller. The central controller holds all central data on
flights/passengers and is the interface between client users at check-in and
departure applications, the communication system and mobile units. It will be
necessary to receive and transmit messages to and from the remote base

stations.



10 sane set of base stations, then there is no need to
further propagate that nessage. However, if the

woneeizvisag base station can see base stati onsPODIATRGED01273
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by the first sender, then the nmessage nust be rel ayed.
Initially, at power-up, base stations will transmt at
m ni mum power, gradually increasing. As nessages are
received, from adjacent base stgtions, each base 15
station will reduce its power until the
characteristics of local mcro-cells neet the

pg\?\giers\eﬁggg p%;%big%]y&gf ta(gro%n?lhq gquﬁ qrﬂpby rﬂ éﬁ%po ceI’I sending the
"H‘e%@a%@ kd a@l]!ﬁ’éﬁ?hﬁér‘osééll%s cau§ln§ By ﬁp;ﬂ&’%‘?@cf‘e%\% each base station in

m cr o- not necessarily have fixed _

nﬁlﬁbemmb-;@ell Tewse%nthechmﬁgsagemwhbe drgnsoitied betbeugnessage is

of ar at | n ions such 20 as hunmidity
é“@%%@ﬁ@“ Yvnd gl‘%n of the signal by the

enV| ronment al changes The overal | coverage of the

SNﬁé;@é?eﬁbh laskeeloatifg @pdrmessaying systehgtMUs vl enmrres&tdeléave micro-
failure of hardware can be_dynam cally accommodat e

f@?”s | hhe AdU il thear th@@psgg@tlcmsat[r@mlsgp@ feqaning ity B as part of
Del H’ll%}? ”ﬁlﬁ%a@ nt YycRUt Tk MU"WI m&h ﬁtlﬁea 9§tn5 8lisible’ base

contro raI controller ds a cent
dstations. %héd |tgétMkpaﬁmtgeltshmdweasdtmmevmtmgeacs@atlon or lost a

ARSI YFEIP BRES STafi a1 517 54 VHIIE=FgAIQ of that overt by
Upadsing |4 ribdsagiCwith ahBsadtlie! 1D bPIRE SaskNSdibANEAd its estimated

ssagsto an fromthe renpte base stati ons
2085 TR 75 38roP0Tthau2se of @dmat?laasaatanon)swbwgcge@rated the event. The

cpnvey acrg s the systemb cell n
CRASE SEAlidRE LAC Sehd iy eRTpaY 4530, S g P b pfkrven. The
echﬁﬁén oﬁ%@ﬁﬁ&oﬁﬁﬂl@ Slodlsi #Behtial $divemiccastimiglel the physical location
receives the nmessage when transnitted, the message is

r et therdbi tagaiherswith xnestimateg istapce & the Mbbrati on as

a | ocating and nmessaging system MJs will enter and

| Reuk M‘Bhe &h r§|-coﬂ?Pou (b 'slen)%‘?)akné f §ivahiNSwhich base
5en L

trans ssi'on I'Das part

nSi@thﬂQ@ré wmnlegmlmlﬂHelcpstlmatéBWmSMOH frbrmthmMiUl n fhus the central
list { visi bl e' bas
control er (FP server) can estlmate by simple triangulation the location of a MU, by

reference to each base station location and its estimated distance from the MU.

The majority of base stations are likely to be out of range of the host server (FP
server) - ie 'remote’. The host server holds all central data on flights/passengers,
and is the interface between client users at check-in and departure applications,
and the system and MU. [t will be necessary for the host server to transmit

messages to, and receive messages from, the ‘remote’ base stations.

To conserve bandwidth, the message need not be transmitted individually to each
base station in turn - since any base station within a micro-cell will receive any
message transmitted by any other member of its micro-cell. The message is
conveyed across the interconnecting set of micro-cells, to its destination, with the

minimum number of re-transmissions (hops).



stations. When the MJ detects it has heard a new base
station, or lost a previously visible base station,
wOi00swt3s53i nf orm a vi si bl e base station of thaPCemenoo4ny1273

10 passing a nessage with the unique ID of the base

station (and its estimated distance - zero in the

case of a | ost base station) which generated the

event. The base station wl]l gg#d this message to the

central controller (FP server) | ocation of the

mcro-cells allows a central server to estimte the

DB Fhout 5 aoRan e nandiine: SR Syt BUBAE pess the contex

W@% StRBMiSE | Ble WERY @&frf'{ﬁr@e"kﬁﬁ&ﬁ/afnﬁﬁoﬁ@\éu@h ‘é%n“cNH\pnses" and
I ch base 'stations are visible and thelir estimated

dicraprising't; sl beeinNerstaddito inply theaninclusiorc oha rstﬂted finteger or step or

|S§'<[9\£J[%r éﬁc ?gef\rséf\;ej”attg@ b&tgf%q le t)%cgl?sgg y! t' on eétlpt&lger or step or
5 | geip 6 rgbﬁs@?glnated dlstance fron1the MJ. The
S

najorlty of base ations are likely to be out of

range of the host server. (FP 20 _server) -

' Thedeierencmto ABY PGk AN thisi sRecifgatiearis net. ang shewid not be taken
f RSs

%#gﬁﬁéésergsggS&%nt ?Hygﬁhbgepgﬁ d%gﬁng Ica?ﬂghgnfonnspan(ﬁ
ath ¢dranysdereralnichdvileddge inbstradim. necessary for the
host server to transmt nessages to, and receive
nmessages from the 'renote' base stations. To conserve
bandwi dth, the nessage need not be transmtted
individually to each 25 base station in turn - since
any base station within a mcro-cell will receive any
nmessage transmtted by any other nenber of its
mcro-cell. The nessage is conveyed across the

i nterconnecting set of mcro-cells, toits
destination, with the m ninmum nunber of

re-transm ssions (hops). WD 2005/ 027553

PCT/ AU2004/ 001273 -22 Throughout this specification
and the clainms which follow, unless the context
requires otherwi se, the word "conprise", and

vari ations such as "conprises" and "conprising", wll
be understood to inply the inclusion of a stated

i nteger or step or group of integers or steps but not
the exclusion of any other integer or step or 5 group
of integers or steps.



The reference to any prior art in this specification
is not, and should not be taken as, an

woaostsmmsedgenent or any form of suggestion thaCTtAab04/001273
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prior art fornms part of the common general know edge
in Australia. WO 2005/ 027553 PCT/ AU2004/ 001273 -23
CLAIMS: 1. A communi cations systemfor nobile units
within a facility conprising ajpscentral controller, a
plurality of wirel ess base stations having an
adj ustabl e transm ssion power, said base stations
bei ng distributed throughout the 5 facility for
ﬁ%Lﬁhggs conmuni cation with said controller and said
units, said controller configuring said base
stations into a plurality of mcro- cells each

i mcl udAngoramunigtiont véysheraefos trabbin uinity aithins4 i fagilityheomprising a
W reless transm ssi on power of sai d base stations
such t seftraliconrglier. ghrlupiy of Wireless base gladigns having an adjustable

m cro- ﬁ%%rals% Wéf"rsé’i %’% R4tidHsC b8in eHIstntﬂUte{j}%?&ughout the

one base n I's abl e connunlca
centr afacdnmtfoloIWI@ew@ommum&nldwe witmisagl wontroleraand said mobile

sel ected, area, of t f aci are, abl e ta comuni cate. .
sl cast ool s sBRbeuine S 5ase slafintn riacd Beaity of micro-
syst en?:éﬂf% 6!3 riﬁ&udl'ﬂ % @leBst t\%%aﬁéé”s%féhs%yc%@]l%hb the wireless
i ncl udes ase stations that are nenbers

of ot htsansmcssmmmmr ofmlds bage stahwmwahutbat afylsastngbase station
clainmed in erein each

From t F Bact snir alld o e of aRofiel Shirrcel Hpigast one base

syst emsatiof|igi 4ME toNcaithupiit@iwitd ahéeehtraP cdnwbigreaind all mobile
the base stations periodically transnmt a nmessage

i ncl udunits withini qseleqted area of dhe Gacility ase akde 40 cammunicate with at
conmmun s clainmed in claim4 wherein

said n@%gggrggb%%tsfﬂfgg a nmeasure of the transmtting

power of the base station. 6. A communication system

ag. cl aAneshimuniuationsesysferslas omiried an Elailrern ewherefa@ach micro-cell
base station maintains a list of sjignals recei

from
ot her Isludes at least two base statlons that are members o o%er micro-cells.
3. A communication system as claimed in claim 2 wherein each micro-cell

includes from three to six base stations.

4, A communication system as claimed in any one of claims 1 to 3 wherein the
base stations periodically transmit a message including a unique

identification code.

5. A communication system as claimed in claim 4 wherein said message

includes a measure of the transmitting power of the base station.

6. A communication system as claimed in any one of claims 1 to 5 wherein
each base station maintains a list of signals received from other base

stations.

7. A communication system as claimed in any one of claims 1 to 6 wherein
the base station transmission power is adjusted to provide minimal overlap

of base stations between micro-cells.



stations. 25 7. A conmunication systemas clained in
any one of clains 1 to 6 wherein the base station

woRo@nems3si on power i s adjusted to provide ni RCWAU2004/001273
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overlap of base stations between mcro-cells. WO
2005/ 027553 PCT/ AU2004/ 001273 -24 8. A conmuni cation
systemas clained in any one of clains 1 to 7 wherein
the base stations each have a kypown location and the
mcro-cells have a relatively small area conpared to
sel ected area of the facility. 9. A locating and

Bel ud PP R SR AYRLERT (4 Re i 28 (TR Fb&AITS dnfp 7 wherein

one of 1 Béf@ s%atFo‘PnsSea&\oha@e lLOoRRSP ToHIONBRSS 888 Rdlcro-cells have a
systemas clainmed in claim9 wherein the mobile units

i ncl udeelatl\teiyaasmﬂwea compared to s¢lagtedrares e thefacility.
S|gnals a display device for displaying nessages, a

t:ept R?@C%ﬁn@%ﬁgﬁ%eiﬁf‘giﬁg %&S@?ﬁé gﬁl%rlfrﬁfée@sg Irfacility including a

comMmungéminuticatRinvgsferd asedlaifdd incamy omé ef clainds 1rtol8. | e
units within a facility via a plurality of base

st ations hayi ngBadJ ustaple tran

dit 9t r i HUeeAIqm gwgtr}gesmmqsstm?lg%gg \NF pl@pr@s‘)swhereln the mobile
comuny,5ad 1iRg Y td tfaﬂs@e%l“tfépl %@él\gﬁgdaﬁé" sfi“qnals a display

units conprising configuring e stations i
pl ur al deylceffodespjaylagl wessages, nlpovergsaircéSand adtleast one user

t wo basrg ﬁﬁt atons bé !austl ng the wreless
t r ansm"eEY t%\ﬁQFe fin UWase stations such that at
| east one base station in each micro-cell is a nenber

ofi 1 anohietAbE ' F Gitelessatomffificativh Batfedt & icehtrab controller and
able to communicate with the central controll er and

al | nopiabdewmitsvithiin pifacility Wa padurality-efdasss statiens having adjustable

facili e e I t .
oL g el obger SOIRRRAS McbeRl SRS 10y, for wireless
wher ei Bogatlnitationo-with | saidctortasieat ahdasaid hmbllbasmits comprising
stations that are nenbers of other m cro-cells
configuring the base stations into a plurality of micro- cells each including at
least two base stations by adjusting the wireless transmission power of said
base stations such that at least one base station in each micro-cell is a
member of another micro-cell, at least one base station is able to
communicate with the central controller and all mobile units within a
selected area of the facility are able to communicate with at least one base

station.

12. A method as claimed in claim 11 wherein each micro-cell includes at least

two base stations that are members of other micro-cells.

13. A method as claimed in claim 12 wherein each micro-cell includes from

three to six base stations.

14. A method as claimed in any one of claims 11 to 13 wherein the base
stations periodically transmit a message including a unique identification

code.



13. A nethod as clained in claim 12 wherein each
mcro-cell includes from three to six base stations.

wO028051047558 net hod as clained in any one of cl aPas/AT2004m01273
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13 wherein the base stations periodically transmt a
nmessage i ncluding a unique identification code. WO
2005/ 027553 PCT/ AU2004/ 001273 -25 15. A met hod as
clainmed in claim14 wherein saif message includes a
nmeasure of the transmtting power of the base
station. 16. A nethod as clained in any one of cI airrs
11 to 15 wherein each ba tation, mai.ntains

of5si ghdnethiodas ¢amned bng i I# STBinGgid o Sa08 Iglides a measure
met hodofgeGt %H ﬁ.dgb@wr SHMBe Bhsklstatigh. 11 to 16
wherei n t he base

tation transm ssion power is

adjusted to provide mninmal overlap of base stations
bébweeA miethas esl ¢claimerBin anyreane of glaimisal hda 17 wheyein each base

pave aSELBNARBEIY BHCLHOR bl BBm Al bagE skRhs.

relatively 10 small area conpared to sel ected area of

the. f api hethod &8. cléinted o dnfooné @f adlaings andtdmeswgéire@w the base
to nobile units in a facility including a & nmetho

as
cl ai nestatian 4FENSHHESIEN RAWAMIS ap1usetsd fe. prgwdemmmﬁbe\/%@ap of base
cl ai ”egta'hang#)@iv%élr?nmsrc’é 8. the nobile units include a

transcerver for recelving and sending signals, a

di spl ay device for displaying 15 nessages, a power

s68r ceAametiaud lasadainue: insay ome effcaiend dd tacd&ptwieyein the base
an | ngt%ttibns each have a known location and the micro-cells have a relatively

small area compared to selected area of the facility.

19. A method for locating and messaging to mobile units in a facility including a

method as claimed in any one of claims 11 to 18.

20. A method as claimed in claim 19 wherein the mobile units include a
transceiver for receiving and sending signals, a display device for displaying
messages, a power source and at least one user interface for accepting an

input.



