WD 03/ 104834 PCT/ US03/ 14483 TRACKI NG SYSTEM AND ASSOCI ATED METHOD Thi s
application clains the benefit of U S. Provisional Patent Application
Ser. No. wWO0/03/i48283, filed on May 7, 2002, the discl osurePeMiisodin4Bs

i ncorporated herein by reference. BACKGROUND OF THE | NVENTI ON [ 0001] The
i nvention relates to a systemfor tracking novable assets and a nethod for
using the system |ITRACKINGSYSTEMANBASSQETATED MEXHOIhction with a
tracki ng device that operates independent fromthe asset using gl obal
positioning systemtechnology and a tracking information server that
provides tracking i ﬁf}f?sfaﬁ:hbmnfélaﬁﬁ@th%b&ﬁverCSJ?réomsﬁa PRenSApHcaENt al

I nformation to a subscriber and w be described with particul ar reference
thereto. HendNwi60/378,283, filed beMap ﬁrma@edlsclhmre pfiwhich isemrorpoeraied hateyrn
anenabl e i}o oftgher applications. [0002] It is common to provide

t ranspond&? $¥%EHAFSr bl ack boxes on commercial airliners and some general
aviation aircraft. The transponders and/or bl ack boxes record either a

| ocation of an aircraft and/or act|V|t| es occurrl ng within the aircraft.
Wil e such systens are 3 giY for aircraft flight

and opera awbacks ‘ st ot A S .no t ed.
These dr a i, “TRmRRon Fesbs o upy f}éaﬁﬁé% gyable poef &t § BRGAE on
aircraft gmg%ﬁé QMRS TAGRR pRfticAlaf éﬂpﬁbaud%ﬁ E&Tﬁhchbﬁ%dlﬂi@t%kfhg@eﬁ&@ﬂhﬁﬁ from
taxiing an ake-of throué’h airborne flight patterns to |anding. Further,

t hese sys toqaamt@rledepcndnm filoyn therassed uibiagl gkobal positemoensysemettchiplagyeand] &ct r oni ¢
I nfrastructuy. he alrllne or i reraf.t.. Such .a design.pravides the

ot ent | al TeSKag R fRansErar thehBroeiies G diae inpRaedn 3 e SRt g <

obt ai N ungtiliMldntiehl ﬁﬁ&ﬁﬂa@bnmmﬁm@ef&am be RABELd with M@mrsefefeﬁé@t ed to
tracking aircraft and other objects are identified below [0003] U S

Pat ent No.th&eted SO everpitlibhr beapfiresdted tat shesiwentionyis alsel amenabls td ethee
system for agclr af t on the ground that incorporates a plurality of
strat egi c&Pa@f’ sensors including video inagi ng generators, audio

sensors, T@édﬂnlﬁ%(ﬁﬁheﬁﬁ)préﬂ% tfrarrsﬁoxﬁré% and/RBRCKBSRE bR ESmbcRFcidTRRCR | Ng
critical conponents and critical areas of both the interior and the

exteri or @hdsbme gemmwommrm@n%h@mnqunderamdém blaokdroxnés recardesitben® ur ed

dat d i t t d s t f
i spl 2y ol0HAE AF Ebfrsplageg A Sedpdut Bing Bapieetat 5hidpEh S@h as' wer
as on a grainskirReshthBCGRFGHBEon¥or QiicidRd fight E’&-lr lopS1aR6r AkBRbacks exist in

technology as it is now implemented. These drawbacks include a relatively low level of

interaction between aircraft at various stages of a flight pattern, including the stages from
taxiing and take-off through airborne flight patterns to landing. Further, these systems are
commonly controlled and interconnected to the electronic infrastructure of the airliner or
aircraft. Such a design provides the potential for disablement of these systems, for
example, if intruders obtain unauthorized control of the aircraft. Some U.S. patents
related to tracking aircraft and other objects are identified below.

[0003] U.S. Patent No. 6,545,601 to Monroe discloses a security and surveillance
system for aircraft on the ground that incorporates a plurality of strategically spaced
sensors including video imaging generators, audio sensors, motion detectors, and fire and
smoke detectors for monitoring critical components and critical areas of both the interior
and the exterior of the a commercial transport such as an aircraft. The captured data and
images are transmitted to a ground based security station for display on a monitor and

may be recorded on a "black box" recorder as well as on a ground based recording



system The nultiple audio and i nage signals are nmultiplexed and sequenced
utilizing split screen technology in order to mnimze the recording and
noni t ori mMyolvanaisas e required to process the inages. [0002CTWISH3/14281 ent No.
6, 519,529 to Doyl e discloses a systemfor tracking and nonitoring the

I nternmodal status of cargo trailers. In addition to the information

provi ded spstem. I!mhaltlplécasdmlaodmm;e@gsalem@@@emmand seghenced stilzingsdhi t or s
the status of va . sQrs.an.t ailer. .The.GPS unit rOV|d t he

| ocati on éﬁ@e’%@"[ﬁ‘&‘?q?%y 1gor er(%? 3P'i“8’r‘zqu or rélg}g 9pg momitoring %ﬁrﬁiv‘fa Prévides the
status of t?lﬁgoc\é@q%% ffesthe trailer, specifically whether there is
rotation of "the wheels or not. Antl-lock braki ng systens are used to

provi de si[goed] i btSrRaertd¥o.i 6812529 V@Dmfyletﬂleclma systema foromackingt agl  An

ot at  on dReGENE fegt R B THPSRe reRe e e R BRI AP Bl e ren
status of yhegldbal P@ﬁudfﬂ(%%swﬁ g@b Unif, 9h&bysBin Blchltbs A8 Gtahlrvagasd on  and
vel ocity information atent No. 6,510,380 to Curatolo et al.

di scl oses sansoex on ithy tratet. The€HiSngnit mppdeath@sl?cartmmndsnelwgltﬁpf a@asltr Ao
signalin S i.n comuni c for.i ng the
I ogat i ongd‘( e OQY%I“MQK{YH%FEI%SIQ ?fnh"e‘%%‘i?gﬁ‘%é tra1 §8€%¢‘% W, hﬂ%‘gl °

tracki ng apaafgbistioh éfﬂﬁé%béﬁﬁ‘nno@%{%f lo%keﬁ ? #ﬁé&ﬁ&ar&ﬁ@ecﬁth?ﬂﬁﬁdé&%ﬂdﬂ' ts in
communi cating proximty, and nmeans for id ying and automatically

transmtt unfgrmattmnl indiedtive of the wheel rotatigm aanuagAmmdemnvltm whepkrotatign sgnisoy units

are separat by nore t. sel ect di,st anc ferre

ebod mans 0 RedHE PUdE M arRehT RO st A g profssSaf i Frfineg

materi al Q%Eﬁoda?ﬂl@ém&it @ﬁt@r&meqfdﬂgr Usthg@REWASH! rihtidh §thhas PRT 1RO dcatiel Mal . or
material asset, at least two signaling units in comunicating proxini ty,

wher ei n atantiera]smty)méormagnml ing unit is small and hidden and securel y

attached t ni te S and t .ing units
havi ng n'ea{ﬁgéﬂorﬁle%iﬁ"(ems g?k%é% B)ng g 08?6} ?Sféélgﬁeéﬁzf?? yﬁ?#&%" g

moni toring, E&éws%m;ﬁlﬁfng\éafewgwaa%m C%@& tslifl€thinfiitathelphSximAg; aahuﬁfeaﬂs‘ the

si gnal i ng 8 Its b ref erencin S system and notifying t

moni t or i ndosidanmﬁmgdhe é@aﬁogeﬁgimqmahng hmitsat Inoone §rai@pihent, sseqaatsemd No.

6, 490, 523 't o, Doner di scl ose ar.atus for na

| oconpt i vEECkiigappasatys é&HﬁgWﬁ?f@lcaE?BES%%B?ﬁsg ﬂg?# 148 HP‘ﬁsgmfy@{"gmch@ udi ng a
| ocondt i Ve, h ARy  Afemedhs TOFRIAERingAnFawtohREBAIN A ansARng tieOBPadh GTLRY , the
conput er programred to determ he a position of the | ocomotive and to

transmt tskgmalgsinits shen the signelingrontsansiseparated by merevbmpmr@selmmdtdnmnce

progr arrrrec}ntaoprg etrr%d nen{b%(c‘i%re% a me&l 3% grto%isdegr%o 16Sate a person, an animal, or a
material asset, comprising providing in contact with the person, animal, or material asset,
at least two signaling units in communicating proximity, wherein at least one signaling unit
is small and hidden and securely attached to the person, animal, or material asset, and the
signaling units having means for identifying the location of the signaling units to a
monitoring station; activating means for identifying the location of the signaling units by
referencing the GPS system; and notifying the monitoring station of said geographic
location.
[0006] U.S. Patent No. 6,490,523 to Doner discloses a method and apparatus for
managing locomotives. The apparatus includes an on-board tracking system including a
locomotive interface, a computer, a GPS receiver, and a communicator, the computer

programmed to determine a position of the locomotive and to transmit the position via the

communicator, the computer further programmed to obtain locomotive discretes and to



2 WO 03/104834 PCT/US03/ 14483 transmt the |oconotive discretes via the
comuni cator. The nethod includes the steps of operating each on-board

syst em t owoeBao4sBhe when its respective | oconotive depart CTAUSHHCEEIDL I ve
assi gnment point, operating the on-board systens to determ ne a departure

condition, to send a | oconptive position nmessage to a data center at a tine
cor r espondfangmit the loermotiveshesrétessvia the epamamicapasi ihe meshed iroludestbe stepy

collect GPS | ocation,dat.a for eac respective, |l oconpti,ve and at the data
center. oot ragat AR BerbeRRLR dRRRE e R G AR s ept e

! oconot I Ve 18&smaEiveRNigiknd boinf) o@@ﬁaﬁﬁg’f’dﬂ%nlmﬁ Sy;t%ﬁhs% Qét@ﬁxﬁﬁéadééﬁ‘ﬂ‘af’@t Ives,

I denti fying candi date consists and | ead | oconotives. [0007] U. S. Patent No.

6, 339, 397 condiian ¢ sefidedpennaetivg pesition messagetoradatareaten atp timeaexresgonding t t hat

i ncl ud | .t ached | : i | ith,. | ' i
ot IR RIS B AROEPb o BP0 R BURCp o B i BRI o0 s
recei ver \wedpectived6€dmiGtivier it M dath deBe] chiievtifiy (ocaRiote PositionViniessapePCcess

the tracking data into a data  packet. The transmitter transmts the data
packet t o carresnepdiag rtectiie Jpenmaivat assignmensrpointy tondetemting focalized growps of

dat abase. Photoel ectri.c.cells.are nounted. on,th ncl osure to recharge
batteries 19\%1% Wﬁ?’&iﬁn&f@l%@uﬁ{? %oﬁélgtéla ‘gleﬁl(goacpglggl%spnent s of the tracking
unit. Thqoerq! USSIMRtdn NOE6,399.897 ¥d BlikeR diddlbses@fporiableiseiecbitaed hdkesh Si de
panel s which are generall ortt;ggqonally oriented so that the solar panels

mount ed omnitithat inclislepamenciosutd attagbedio ginrpuating pletss withe hebewinteigricaetice angl e

during a wide ra of orientations. The transmditer . 4s cellul ar

el ephone IRERE &S FseRieh b bitveBrvpeent fnd hEMBiTsE . a8 s g fl

di stance rbdedrd tidtRingedaah an®ththidebppdbr illl pRicestthe Gratkif® oRe Mebtadata
approxi mately one-quarter wavelength of the operating frequency of the
t ransni t t @ackethalherfeansmiftes transmgs ftealden packet d@iaoremase ieastngasiatiaptibcal | y

transpar e{%{]aingi%{sﬁéﬁ ﬁolo? Fén?rai H?tébatsgf ng%)l {3{5} '8?&?%;&9 ?‘no%?xlce%ro G %lﬁctl?%lggyo be

housed wi ow'i ntert € encrosure. | met hod of

the i nvenrtdharse battatdsiwitictoiprodide poer fodhl dlédtfical toBpsientstof thetratkinghunit! ar
phone to a cellular service provider, thence to a data service bureau
whi ch sendeendowsg is designed;with 3 prikafivettically arieated gide apaalewbich aregenerall  server

conputer. The central rver. Go ter will decode t I pf orsmat.i on and

o ovi de. apred ik oBenE s e SRR Bhnsl et Er &l e S8 praVTBRR RS TS 1 or
cust oner s fiffoatie ¥4 iREl@énce Angld dutift £vitRirandeWT@BEntatibnse MHetrane@iter ganer al
aviation aircraft (about four hundred thousand (400,000) in the United

St at es) i sehyudglepbongovitih e anterasprurded withintthe envdosurabis specedra ¢igened oni ng

from the metal mounting plate and electrical components approximately one-quarter
wavelength of the operating frequency of the transmitter. The enclosure is formed of a
radio frequency and optically transparent material, so that the antenna and the solar panels
may be housed within the hollow interior cavity of the enclosure. In the method of the
invention, tracking data is periodically transmitted via cellular phone to a cellular service
provider, thence to a data service bureau which sends the data over the Internet to the
database of a central server computer. The central server computer will decode the
information and provide an interface and value added products such as maps and reports
for customers via a web page on the Internet.

[0008] Currently, each general aviation aircraft (about four hundred thousand (400,000)
in the United States) is asked to volunteer compliance with the transponder positioning

systems that are currently in place. Only one-third (1/3) of the general aviation aircraft



systens that are currently in place. Only one-third (1/3) of the general
aviation aircraft 3 WO 03/104834 PCT/US03/ 14483 conply. The other

t wo-t hi r dwo(0218#834are either not equi pped with a transpond@CTarSosiot4Bdt
conply for other reasons. [0009] In reviewi ng the existing technology, it
I's desirable to create a tracking system that increases the intelligence
and i nt er aotiplye Trerotheréwoshinds(2(3a piexithratolequippad with & trafispondangr de ooind
stations throggﬂout its entire flight pattern, as well as to insure

i ndependerf@@PLIGT OHET E98PMni cati on between the aircraft and ground
stations. rhyod]s 1geliE@Rothd xiRingUbdiBoloy, ielsiiRitMlA0Er&Dss taikifdysiém Met hod
to track aircraft, wth a uniquée aircratt nunber, any tinme during idle
time, taxithatgncreasds ihe iftelligénce and infesactive serdice gpuimyaisticrbhetween garairgrafie

i nteractive,servi.ce..co ni cati.ons.. i nd d ' ' f th
L or errent ORI SEIPE BrHERoMB SRt et BRERE S s o e e SO Ry O
THE | NVENTAﬁl@cbz&@%ﬂhﬁbﬂba{i@e@ﬁ@%&mﬂfaﬂ ?&uh&}éﬁﬂbﬁ@ Mt isABsiFHBRAb Prdisdd OF

tracki ng a novabl e asset and providing tracking information to a

moni t or i ng rekablecand espeffactive methitddo tpghanrisaralt, witlch unigue aigcraft aukber, sy and a
tracking informatiopn server.. The fragk ag | s adapted tq,selectiyely
recei ve pd¥ig fi‘ﬂ)’?f‘%af‘f@e ?‘P}?e%ﬂ%ﬂf‘%’ % ﬁiﬁ%i'i]éllg a&f’o(geﬁf’géo(geﬁf%&%f%gr@% em
satel | it eSpfacivedl Q@ce RORMuLRAGH 8! SBepaiRht | bsmmAARARIk aloFOfhe The
position data representing a position of each global positioning system
sat el | i t e aforementininetl tyfmita otles maslee pi/isansppntationaspeatlt to center of Earth and
the tinme data representing a tinme of day associated with the position
data. The tracker tag di sposed al ong an exterior of the novable asset at a
| ocation facilitating recepiVVARY OFEFTRRINVENTION! tine data, the tracker
tag conbining the position and tine data fromthe nultiple globa

posi ti oni 1§0GK3t Empsaespletti afdbe invention) acanpardtys for tragking amiavgble essot ansl

osition and.t. ata via dat a conmmuni cati.on net K. Th tracker ta
o adapt edroiingEarou olirafer Bar CORTREIS e S Ui endius RGeS 120
conmuni catd pRkaehyahka trhBiing InferkRlion fGvdrs TAL Gatiter ¢l ib ¥ddpi&d Biselctivesm t he
asset and inoperative from equi pment associated with the asset. The
tracki ng iredeterpasition andtimedata fromfrydtiploghobal positienisgsystent satslitrofaglobrler t ag.
The tracki ng. J nfor ma%ti on. server ils.ad ted .to I ectivel. transm t . command
and cont r GOTRFIBE SRLPB eielts epstalgioth, THSRPsiHoR Jie Fepipsstti RIS on
network. Then %lbﬁﬂlﬁidiﬁiohﬁlfg%é'@ﬁﬂ QRIRE ORI whish AdAPKTrebEvéEGRh tespeeit ned

position and Tine data fromthe tracker tag via the data conmunication
net wor k. Tewter of Earth and the time data representing a time of day associated with the position

data. The tracker tag disposed along an exterior of the movable asset at a location
facilitating reception of the position and time data, the tracker tag combining the position
and time data from the multiple global positioning system satellites for selectively
transmitting combined position and time data via a data communication network. The
tracker tag is adapted to receive command and control information via the data
communication network. The tracker tag is electrically isolated from the asset and
inoperative from equipment associated with the asset. The tracking information server
is for command and control of the tracker tag. The tracking information server is adapted
to selectively transmit command and control information to the tracker tag via the data
communication network. The tracking information server is adapted to receive combined
position and time data from the tracker tag via the data communication network. The
tracking information server is adapted to selectively receive command and control

information from the monitoring device via a tracking information network. The tracking



tracking information server is adapted to selectively receive command and
control information fromthe nonitoring device via a tracking information
net wor k. wWbe3teeeki ng 4 WO 03/104834 PCT/ US03/ 14483 i nf @CRAISOIM48Fr ver i s
adapted to selectively process the conbined position and tinme data based
on preprogramed instryctjons and command and control informatjon to
produce t} “F‘F"‘é‘&‘k*?‘ﬁﬁ}jerilﬁ‘{?ﬂ‘?&tt?é ectiyply ptf?csé%?lﬁgomhmsﬁl ARTHGHANSIMEdASR | at ed
with the eCt aTH ' | ' via the
Fracki ng | o R Ppro Ll HRtrlo B RE Rl Al Bn A ARARA PRI P o,
a tracki ngths tedckingiisfopmationd e The Traeking anflormagionsiy sissoviatett it ethe asseband or i ng
devi t Ki i nf ti t Kk dat [ [ Kk
Cracker t aSICCRYRD RoaePsilR Fon e FAAorES HorioS\iR theirackig THOMTAISM TR Otovi oo | s
for displ 3vhpe! Gkt dBEATFRE!RRASH AtaBkiRE sdlisProRIRD Tfe f3SBhe ThE
tracking i orr]atlon network 1s in comiunicatton wth the nonirtoring device
for commuysteat iimdudedseat meakoring i debioe,mat itanking infermation t wetwouk, devdate. The

t Kk t [ dapted t | ecti I [ [ ti ti ta f
MUt pl o GROBERI G ErSH B taherrula e BT POBa IS PO g
system sat ghidetie 60 BRpEYA 0Ring TBrAANI AQBcifIRH dvintl ERAGRBR! ARG, ARSI Li on
of each gl obal positioni ng systém satellite ?rom whl ch data was received
wi t h respeeicking méortetionfnebaordkhisaindcdnvsurticationdwith the pn@sterning iigvizetfone of
day associated. .wth gQsition data. The tracker tag is di sposed al ong

s o

an ext er i ofomgRURigAting ¢ fgelang ndrmagion o the mppitpringdevice; thedackec @818 on of
the positi LB : 4 : i : nd tine
tnt a1 om TARRYLp sbREARL rooilP Dositib ik Hime U RO fefiptc o B BplitiHing

sel ect i vel systemosatallited offegglobatipbsitohippsistenosateliitd constellatiah.a The podition diad a
comruni cati on network. . The tr céeé%\t ag_recei ves corrmant? and.control

i nf or mat i ORPFPENLNG RePpiioR QL SARHLBIP 2 PPSHOMBE SHm SaEALE o RY a4 ¥ifrat i on
server 1s Je@éiv&ﬁ%ﬁrﬁgﬁp@&dto &ARE 0P Eafth ah%hd i€ iagfa xteﬁ%sen iag att]'ilﬁg ls; A%y
informati on server selectively transmts conman a control 1 nformation
to the traskedatedyithithe postictadaia.c Fhertrackeatags dispbeal dongliteexténiarokithe

i nformati on server recejves c nﬁ ned position and tinme data from %Pe
tracker tagova Feaasls?featc?aj_(oﬁatt‘:‘?ih%ﬁ fauag rerePHAR B ke p?ﬁ%"‘l? RV‘ﬁ At oPSrat i on
server selgaiby ﬁgyc({rﬁlﬁﬁ s/fhe po 1@81?%{?@' ti dda%)ﬁfohpihe'rﬂ&lﬂ?lgeélérl%gp{ﬁi&&?gl %g

nmoni toring device€ via the tracking rntformation netwo rac
i nf or mat i aystemrsatellitesfoesdi¢ctietly tpnamutmgesmbined positiomad tposddta via tieendhta t | ne
data to produce . the trackjng information, The tracking information.is

sel ecti vel gpma%@é@wﬁé?vqr% T {%r?%@/eam@énm OREOLRRERR 4R via

i nf or mat i Qfe Agk\Wahdmunication network. The tracking information server is for command and

control of the tracker tag. The tracking information server selectively transmits command
and control information to the tracker tag via the data communication network. The
tracking information server receives combined position and time data from the tracker tag
via the data communication network. The tracking information server selectively receives
command and control information from the monitoring device via the tracking information
network. The tracking information server selectively processes the combined position and
time data to produce the tracking information. The tracking information is selectively
accessible to the monitoring device via the tracking information network.

[00012] In still another aspect of the invention, a method for tracking a movable asset
and providing tracking information to a subscriber is provided The method includes: a)
associating the subscriber with a tracker tag and the tracker tag with the moveable asset,

wherein the tracker tag is disposed along an exterior of the movable asset at a location in



[00012] Instill another aspect of the invention, a nethod for tracking a
novabl e asset and providing tracking information to a subscriber is

provi ded wbhasmreshod i ncl udes: a) associating the subscri IPemr/uss/483 t r acker
tag and the tracker tag with the noveable asset, wherein the tracker tag

I s di sposed along an exterior of the novable asset at a locationin 5 WO
03/ 104834 vkl the0atket4@8hasdine of sightcaccesa di thre ska@umag n¢mnvénwemerqu theccess to

ol ot 11 cal BT e RS PRe Sebe R i mePdey GefepdforsiBhait ' °

associ at eggwgmamtd&@o&aé&whmeagge@rv)fgfwmhgﬁle%u&%ﬁbm@rngwmoﬁn é\héé)ri ng

devi ce s to a site via a'tracking informati on networ wher ei n
t he Wb siateess tich Whbssiteaia 4 rackingiinformatiaketyoilkn frdrenain tlwrWVbbltq)mgbdeSnat

di spl ays a suitabl e .f noni nt of the asset, .receiving
poar 1 on dhiFagtin takeEimEon Wak pAFARL OB i b o foal iy

sat el | i t esnRenRnObPRR! asRASEY 10AVRE po¥RibR Mnd aind tath §rd0R6 labd Rt %Ibbat the
tracker tag, the position data representing a position of each gl obal

posi ti oni tpgsxsymngrsystsratsaiiellmesmffargwbahmmmxdm systeas satellitei opastellition at ¢lspect to
center of E th ar)[g g% dat a r resent i a%1 ‘gﬁ of. .day associ at ed
with the &9& iton %P%Slt‘%‘) BFﬁ?ﬂ??F%t | hBOYHA rl%&% E1oB7 POTHOPIESYYEMh to a
tracki ng isp@kdRbMOhiSILaME byal kéteived dith rEQEBLDI ceAler BRELEH MRS the tinf)data
processing the position and tine data in a trilateration fashion to produce
XYZ and twpresedanga tirhe oR¥iZy dasoalat@pwéb ghe ipogjtian Idata; d) ¢emmunicating thede, and

an altitude,..res I.me data.representing . a ti ay

RSsoci at e@oMiphaTmsde tiatz g ity siige it PRSI e aarRon | he
at |east QpgrdeRiMAGe gﬁﬁgoﬂ‘éﬁd limgidagh i aSYHRQh AN fhiSn B8 Brodabe XYM LI nat e
associated"wth the XYZ data, and g) repeating steps c) through f) for a

pr edet er mitineecatd, the X Zalafarreptesepting alatitudag éelpngtude{ 0den ltitude, mspectivtlydi nent

f the method, the dat t t | PSTN, .an | ri di
Sat el |1 1 o SR M S EeprSRE Tt PEPRTPSATRd OB ST gt haenigyine
communi cath Ry i tifeQlabad¥ha Rdedsh 8nd Wbl ?Hg@ é‘rﬂto%lehaﬁ@ £RHRbA ﬁie'

wherein the tracker tag is in comunication with tthe Iridium satel lite
const el | att agoandihaterassodiated imith the XW&rdute, ianth 2) repeitinglstepe ) thooughel) Sartsscr i ber

at the monitprin t he sset substantially anywhere in the
wor | d witIRr‘T‘f émg?ggﬁ“ban%aé’cfﬁ%§ t‘ﬁ’fg §Ly [00014] In another embodi nent
of the megbers)t hgohs aﬁiscbdiﬁeﬁtm‘querm&ﬂhea tRe HAYR chmniuAfaisieet?0rk MERESEL , an
Iridiumsatellite constellation, and an Iridiumsatellite/lnternet gat eway

in comTunlaclé‘fTNnamﬂmmummatelhtB@onmllmd arkan liidinmrsatellite/PRTNegatoway @l | at i on,

communication with the PSTN and the Iridium satellite constellation, wherein the tracker

tag is in communication with the Iridium éateﬂite constellation and the tracking
information is displayed to the subscriber at the monitoring device when the asset is
substantially anywhere in the world with line of sight access to the sky.

[00014] In another embodiment of the method, the tracking information network
includes an Internet, an Iridium satellite constellation, and an Iridium satellite/Internet
gateway in communication with the Internet and the Iridium satellite constellation,
wherein the monitoring device is in communication with the Iridium satellite constellation
and the tracking information is displayed to the subscriber at the monitoring device when
the subscriber is substantially anywhere in the world.

[00015] Benefits and advantages of the invention will become apparent to those of
ordinary skill in the art upon reading and understanding the description of the invention

provided herein.



wherein the nonitoring device is in comunication with the Iridium
satellite constellation and the tracking information is displayed to the
subscri bewoa/104884 noni t ori ng devi ce when the subscriber PsSTASOII@BIi ally
anywhere in the world. [00015] Benefits and advantages of the invention
wi || becone apparent to those of ordinary skill in the art upon reading
and understandi ng the description of the invention provided herein. 6 WD

03/ 104834 PCT/ US03/ 144ﬁ@ﬂ§§9UL A mgg%mw NGS [00016] The

i nvention is described mpoanctrom wth a set of
acconpany irogo 1&] aWThgSinvén?ieR lid |debdribed lini fior® fdtsiC n dbsigi@ivnOwitR estbefli ment
of a tracking Systemincorporating the invention. [00018] FIG 2 is a

bl ock di ageeompahyiag dsawiogh nent of a gl obal tracking system incorporating

t he invent [ 9 I 3 _depi el | . | W th
mul tiple i@@? i f@g]li ‘kaE‘SaE ﬂ‘ag%?'ﬁ?ff‘;‘%’%F@B%&%fa&!'éﬁ“%es&&g‘?‘éﬂé’ﬁr?ﬁ?‘% um
satel | iteigdimsétionati on with nmultiple satellites in Earth orbit. [00021]
FIG 5 illustrates orbital altitudes of various satellite constellations.
[00022] FI[@9018] sh&Hs. 2He afbleck dirgramsokien embedimentaefed plobal Erakingnsysigm on
portion of_an enbo%iﬁgentt.of a tracking system [00023] FIG 7 is a block
di agram o PR URER AR o ¢ r acker tag. [00024] FIGs. 8-10 provide top
and si de YoE®] Of FIRE 3eddpiili 6PS satelite ComtdRtioh aGth mlEPR2%tellktbs5in Hakt s a

bl ock di agram of an enbodi nent of a tracking information server. [00026]
FIG 12 ilorkistrates an exanple of a portion of a nonitoring device display

howi ' d1 ki - : O . Wi ¢
of the | AGUJPET ORI BRs bl se B RRoh AT APRE R WL RAE PoPPC
regi onal ftorsigki ng system incorporating the invention. [00028] FIG 14 is a

bl ock di agram of an enbodi nent of a |ocal tracking system incorporating
t he i nventP@1] FIG. 5 illustrates orbital altitudes of various satellite constellations.

[00022] FIG. 6 shows the flow of GPS data in a satellite communication portion of an
embodiment of a tracking system.

[00023] FIG. 7 is a block diagram of an embodiment of a tracker tag.

[00024] FIGs. 8-10 provide top and side views of an embodiment of a tracker tag.
[000251 FIG. 11 is a block diagram of an embodiment of a tracking information server.
[00026] FIG. 12 illustrates an example of a portion of a monitoring device display
showing a street map and tracking information in accordance with one aspect of the
invention.

[00027] FIG. 13 is a block diagram of an embodiment of a regional tracking system
incorporating the invention.

[00028] FIG. 14 is a block diagram of an embodiment of a local tracking system

incorporating the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[00029] While the invention is described in conjunction with the accompanying
drawings, the drawings are for purposes of illustrating exemplary embodiments of the
invention and are not to be construed as limiting the invention to such embodiments. It
is understood that the invention may take form in various components and arrangement

of components and in various steps and arrangement of steps beyond those provided in



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT [00029] While the

I nvention is described in conjunction with the acconpanying draw ngs, the
dr awi ngs wpa@3fies3pur poses of illustrating exenpl ary enbodiPegEniss3/ofs83 he

i nvention and are not to be construed as limting the invention to such
enbodi ments. It is understood that the invention may take formin various
conponent shagriwingseangeassaviatedodeseaptismn aNitbingheidiawingsy fileursfosensp sumarthls
arrangema? Otf ltelges besyond those provided in 7 WO 03/104834 PCT/ US03/ 14483
the draw N§EO5AK%e SEREREAt ed description. Wthin the drawings, |ike

r ef er ence [pouBe) al With defehée 10 6. @] eNembsdimbAMTIq acingysteieroanegddsa FI G 1,
an enbodi nent of a tracking system 10 includes a tracker tag 12, a

tracki ng itrackerniagi 18n adeacking infprmafiprasesesr e anasspitld, ecinit emBEINIGAIOMet wor k

18, a trackjng.,information. ne 20 ni_t QK Vi 2 GPS
satellite n@@ﬁ‘g%(ell &t 'ir%ch“%{n?olrﬁégéﬁget%’trglzlwg e oélcl)tﬂgg%ﬁ?‘élf t|g g% %12? iggﬁ) s

pref er abl )éat%llﬂ@@%ﬂsféllﬁiﬁﬁl 256 arkd GPSQat@nilf@&(ﬁis{eﬂﬁﬂidi{M i9 prdfeliably afpublit mls' ty of
GPS satellites 240 (FIG 3) orbiting the Earth. Each GPS satellite

i ncl udes aatellise konstallation inghidingcre plraditi o GPST satelldesoddD GFIGH. 13) wirkifing thsspect to

t he center, 0 t h. ...Eac atelLite continually.broadcasts,its
position hEﬁ@gﬁ@@ﬁ%@%lﬁ@ﬂ%ﬁfﬁ}&g@ P%Feanﬁﬁa?fﬂtagﬁag gf‘%ﬁeov\‘;\rﬁl ?rﬁﬁr"g ect to
a tinme of reipgcttBlies @MGs of theFAABLE6PEPS ahRIIHE E@Sinddlly bAddcadthRYPositiin
enabling users with GPS receivers to |locate their positions on or near the

Eart h. Sudtithsiespestio the eedemefshe Jarih e fime withvpgpaet tore time ohdayyrefrancer ent

applicati u s.aviatio utical 1ravel, b aut bile trayel ., etc.

B of er abl y00CHE GRS Sl e R KABF 5 Eonebfifers v GER PhceB ohiB)Bae

satel l'itegn sitiis of @k Qbdrith€EBardli. eSsdhaySiems BAY donfiforiladed ffbomavibasio® Nt on
Earth, four S satellites will be above the horizon. Equipnrent with a GPS

recei ver deanycdifferent ppplicationgosich asravigtion, nawicpletrevel,cauteraobilntrayel.ogtct he

Earth in | i tud it Ayl f rom ROSI tHpRN ' dat a

from four #f)%rai)g't Zl?el b? gss_a{éﬂft'e 5%@82?1%&)1%}1 2%33?1‘.‘#@ 4 g’tlé{ bsP%r Seagée]ﬁ\elseéhmem t hree
GPS  sat elshiefli@ss ark liacedl dbartes that &dntl@iyepdtht\éh Eirth, Posd GPSRafellitdsonli ieide and
| atitude. The equipnent_can also determne its velocity fromthe position

and time dhowe thobopp duipogtiwitlcpSRareeivet eancésiemung ds ipositipn withe
ST e L e ML W H BV RS, B Wl pRRRLEP™
sat el | i t esinle’dht®REMALIOGRS satdlited alfHosioh ahd fifle dbtaadRuéived ZofIRes GPSS
(19300 K1 elites. the quipment can detormins its positon in longiude and lattads, "The
equipment can also determine its velocity from the position and time data.
[00032] One public GPS satellite constellation is the NAVSTAR GPS satellite
constellation developed by the U.S. Department of Defense. The NAVSTAR GPS
satellite constellation includes 27 GPS satellites (24 operational, 3 spare) orbiting at about
12,000 miles (19,300 km). The GPS satellites are dispersed around six planes with at
least four GPS satellites in each plane. The orbits are arranged so that at any time
anywhere on Earth, there are at least four GPS satellites above the horizon. Preferably,
the GPS satellite constellation 24 is the NAVSTAR GPS satellite constellation. However,
the tracking system 10 works just as well with any other public GPS satellite constellation,
such as the GLONASS satellite constellation maintained by the Russian Federation or the

Galileo satellite constellation introduced by European countries. The GPS satellite

constellation 24 could also be a private satellite system.



| east four GPS satellites in each plane. The orbits are arranged so that at
any tinme anywhere on Earth, there are at |least four GPS satellites above

t he hori zwp.03Re488£r ably, the GPS satellite constell ati onP24/1iss3/14383 NAVSTAR
GPS satellite constellation. However, the tracking system 10 works just as

[l with th I' GPS tIIt tellat h t GLONAS
S satol | 1 0035t Ererbtribearh i hambybleeeRsseh st HEWow Bhe
Galileo sapglld &% Ppﬁﬁy%ls@wr@@ th %? Qﬂ&écﬁfhsEéé FEUGARE APk gnﬁfokﬁamnwe GPS

satellite constellation 24 could a be a private satelllite system 8 WO
03/ 104834 &itedSBAY dxantple, a[tﬁﬁRBzB}farPaehmloaiobye atdaegcaeedrinetpa trgiler, abusibl e
asset, such as a? aircraft. 1 vvev&r t he cker ta9 1émagc be e ured to
any type of tallsa{ocPBotiyR; 3131l AR ﬁd”qt‘?fﬂ?ﬁ edfagker tagalg s speu anpl e,
a truck, a;xaMeifd n?a%&%tfha{t% no%nﬁl?iﬁ@hﬁ@@itﬁgh@ﬁéoes@tottﬁ@él(lye@ref@ra St1he a
train, a loconotive, a rail car, and a watercraft. The tracker tag 12 is
secur ed t otradker t@slézets rélﬁovablyasemdecu a$czp-sldaextemlmfrthala5§pt Aast its highest si ght

access to the Pr ef er abl acker ta cured to
R Fops1 debRt ddvsvenony hantyitafineres sigh foceiss GHlefiisgribn PRAYER oy
poi nt Wi t hidlg,naofAREGRS aﬁee@ﬁ,%re@s%atehl%;eqhﬂé@i?alﬂfudfe%emﬁgﬁf&%aﬁbhI tes

Is suitable. Access to at least four GPS satellite is requited If altitude
t racki ng i isfdesiredt iPoaferably, the $iaclksat tagDIkchsrtwbb@/pn theaisset 46 kethat agofi@atoosi t i oned
on the asset 16 so that no o er at

eW or asse can aCCess
Lracker t affeR2ORRA ISR SRTRACC AR A 1 il ngtradlmoverpeal of thispet o LB
Lo O |t SuaBghoL S s RS Bin bl e 98U QAT t@aék@leta%r acker

tag 12. Preterably, the tracker tag 12 I's i ndependently powered
el ectri cal 13 Preferably theftragirer th &2 pgsdependedtivipereradand depricadly isakated from

i nterventign dur nor nal erati,on ofthe tr.ack ain, this
oarur o mathear e doRgn i Eeq SR Sl Therehton b S o arkat e et Rk Ol o
the trackegystd010-2Aghil ARRTbat® e esht Eé?ﬁ)rfsfsaaﬁh%rthér@&slfgorﬂ%éln%'aﬂl% t8f sight
access to the sky, |t 'sel ectively " receives wireless communi cati ons that

are cont i ndisabd¢ thettracketdagi2by the GPS satellite constellation 24. The
W reless ¢ 'ct'onS| clude the positio dt at ont i.nyousl
br 0adcast  (POSALAs I sithy tacssstago\ s g 6F il appestto 4 sl Sty i 1
l'ine of Sfe@@itleso\fvlrélgﬁ &hﬁﬁ&ﬁéat&ﬁ@thﬁ?are%ﬁhﬁdoﬁ@&%‘foeld%&t ¢ tﬁ@ @T"S%?elﬁt@e

position and tinme data fromeach of the nmultiple S satellite to form
conbi ned powistellationadd. t Thee wikgless cImeunicataisancludg thlGZpostlcprn agbmmendagat i on

6" and el CRTRYGIY ToeeEmyaon s ot el sRelits oA Uy S PR The "' Yo

of sight of the tracker tag 12. The tracker tag 12 combines the position and time data

from each of the multiple GPS satellite to form combined position and time data. The
tracker tag 12 is in communication with the tracking information server 14 via the data
communication network 18 and selectively transmits the combined position and time data
to the tracking information server 14. Preferably, with respect to the data communication
network 18 and the tracking information server 14, the tracker tag 12 is a thin client using
TCP/IP protocol.

[00035] The tracker tag 12 determines whether or not to receive the position and time
data based on command and control information from the tracking information server 14.
Similarly, the tracker tag 12 determines whether or not to transmit the combined position
and time data based on command and control information from the tracking information
server 14. Additionally, the tracker tag 12 may include an on-board sensor and

preprogrammed instructions to determine whether or not to receive the position and time.



to the tracking information server 14. Preferably, wth respect to the data
comuni cation network 18 and the tracking information server 14, the
tracker twQ@o03204834a thin client using TCP/IP protocol. [@00A%p3/T4e83tracker
tag 12 determ nes whether or not to receive the position and tine data
based on c d gand_control- - informtion fromthe tracki.ng information
server 14. gw@?ﬁ%”l faF ?\;e}c(i)(%éag.t ?’%%r Pngl}ig]e fﬁepa%&fé‘?lmeﬂégstw%'f’ﬂ%ro gdeteHpine o
transmit t#{Reth&BinBEM tRASMit IR contbitbdiposBlof AR SHbr&i et Weﬁ? jgontrol
information fromthe tracking information server 14. Additional [y, the

tracker tagavdsorase anmgi-bried sensomnintsoginuctarvetr tha pieprogremned imstrretibns to
I nstructio to_de m ne efher .or not . to,receive the pqgsition and tine.
9 WO 03/ 10@%‘2“%@?#’%@%9%&?%%%”% HE’S\FWPIHF%B%‘F‘%{E%#“%gQFH tragken tAg| ude

pr epr ogr anfeglay feekive g{ei pURioh Qnd GhRIdAIaNAd sé@?@fh@%ﬁmﬁfneg 9E1>s21{19n Md%ﬂfé%at he

conbi ned position and tine. Mreover, the tracker ta may al so use an
on- boar d skenséhsequent sapsamssidnon wi th the preprogramred instructions to

det erm ne eror. not to transmt .the conbi ned sition_.and tjne. The
tracker t a[xge 8%&3 r%@e V%‘%{gf if‘g ]?HBayplf}gng‘? %fhalﬁwaf"?ﬁ tﬁéeg’i‘feathﬁ ﬁBS‘E‘?rb?“éf HiRe

conbi ned pdaga for &8 oG obitiBR withréspeéias 1z BHBACERRS BhiRBRY A8dRin EH&Q%@] The
tracker tag 12 may include an alpgorlthmto resol ve the p05|t|§n and tine

data for iX¥Zgslata fepesiernting latitude, loagitets; andmnltitade (requising pésitidreandaimedatd he
al gorit hm generat . e enting |atitude, |gngi.tude, and

2 1t ude (PEREIRISF B GES Pt esh G P RERteapbon g e sndlofeiidiireamane
sat el | i t esposiion’ahd0ihe %aﬁﬂr@ﬁxe&‘tlt ieRd thf'gﬁi &rd %a&'ﬂﬁeé)oflﬂ?é ttﬂﬂferét%ﬁgfdb}{ibﬁ'g

position and tinme data fromat |east three GPS sat’ellites

tril at er atdependingon the typregfdratking informationtdggicedo fTitmealatai asspaiatéowith 5 Y

desired. Ti ta associated. W th XYZ XY data. is al so generated. The
resol uti onorg)?Y ?% ‘Srazs&%e{}?fﬁfjgaFgﬂ%ﬁsﬁ?lﬁwf} %&{}Wﬁ‘flwﬁ 2gopihma is apg“tlrigt“? e (X)),
about 18 iintdiesde (X)| feai ?1slqﬁhés\rih,1o@gﬁtdd@pp),ﬂan&§bmqb%hb@irﬁélﬁth&yﬁ@. @) . 1T
the resolving algorithmis inplenented in"the tracker tag 12, t conbi ned
posi ti on dhelreseiving algarishmicimplensentedin the txackdatag 12nthetdombired positivednd i me
data. Typi .t r | vi al It hm.reduces, t he, anmount, of data
transmitt etgf?% (!)a¥% ﬁgﬂ? ?Sa%g?r?é W?%? ?ﬁﬁ?’%?‘?sg%?t\?gﬁme%ﬁ@' %é' P& e}hetrgsg?vmg may

i ncl ude a alifrithia EHUCESHE MoKt QE BSE traRsnlittéd Rthe fr8 nfdtRiaBPURler OThe L1 M
required for data transm ssions. The tracker tag 12 may 1 nclude encryption

and decr ypekertagdgceaysadudes data sompressiompronessao furtter weduce thevantauat kf ng

: ELFLS? ![ ﬁ@‘%‘%{ﬁ%ﬁ ?‘oﬁ"hdaﬁﬁ&@sgrglgs?%{ss 2@%&&@%@&' t\ég’lzt rrrllaei\y }nrcﬁl%ié%rncrgrgtgl’onlgn
decryption processes for secured communications with the tracking information server 14.
As another alternative, the tracker tag 12 may include the encryption process to secure
the combined position and time data transmissions. This may prevent terrorists and other
foes from using the combined position and time data to locate and/or target the asset.
[00037] Communications between the tracker tag 12 and the data communication
network 18 are wireless. Communications between the tracking information server 14
and the data communication network 18 are preferably by wire. However, this
communication may also be wireless. The data communication network 18 may
implement any combination of wireless and wired communication technologies suitable
for communications between the tracker tag and the tracking information server 14. The
data communication network 18 may be a public network, a private network, or any

combination of public and private networks.
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t he conbined position and tine data transm ssions. This may prevent
terrorists and other foes fromusing the conbined position and tine data
to | ocat ewandhos34 arget the asset. [00037] Communi cati on®CivatSosess he
tracker tag 12 and the data conmunication network 18 are wrel ess.
Communi cat i ons_between the tracking information server 14 and the tdata
comuni catlPeP38heFaperampte, shedats egramypicaiopynetiyork 18mpaydnelude gngior more o

comuni catj_on I -1 ' LO 8 may
I mpl enent dgﬁayccorrgl?iﬁ%&rgga%m{evéyr%e es’sg}gerﬁﬁg\im%?lg@ co%ﬁ%‘g’aﬁ%Eﬂ%%l 0gi es
sui tabl e  sh@ems 0BEHpIteRAdtHAEksp aiid\eher Suitablerdatkemiagicativh hdtwotks e kiyng

i nformati on server 14. The data communjcation nefwork 18 egay%% a public
networ k, &opbingtien 'hhe datp Romppnigaion aisiHe Pbéﬁqnbﬁ‘%f‘mﬁlai satelligitelrrhoug e

net wor ks. 1048 / : R Wﬂl :dat a
conmmuni cats%%ﬁly‘\ﬁ\gétg iﬁ)rﬁgél%ﬁerlrlg% étﬁqg'déﬁ gg%elg{rqurrlg@g} ngfs9§tgglt a cc?m [ glécgi on
satel | it e sapflitetelephbad Esdnt,i sath hetledndiuen syeallitensystenn the Glahabstar satetite
systens, computer networks, and other suitable_data comruni cati on_ networks

in aln?/ c GirsEmathe Grbcoa seallite ysiammthe damireat satgllits gystem, oy aethersyitabl| ude a
tellit : - - _ i
satel/i1te p’ixﬁiufe RhanR te%%)ﬁgﬁé;k)gsﬁebrﬁl gfﬂevt%}rgftf@t t%le{plé{ngepﬁ%{éfﬁ“}ﬁ‘d mdfdSahe! l1te

t el ephone “Syst em nmay satellite ne system such as the
| ri di um sajogibiriatieén DY $dr@inking bewitclebatetdphones sifsadnis, tsech ag/ tHeepoblit hrevitcChd onm

satellite system the | nmarsat satellite system .ar _any .Qther sujitaple

publ i c sattéeléphqnén?f@foébm‘}f%@?ﬂnd?ﬁ%rﬁt@ﬁ??e@élﬁ?ﬁdég“a@ @t@ﬁﬂfﬁ@@;ﬁ% may

I ncl ude a ] ' ' ' such
s the. punt P HERRNEN oot onE feror bR bR S UM RURECS) 5
servi ces diegivéri] ora@ly witick suifablohgrresdialtelephonedbsorki The cbinpetef bvprk mat | ul ar

t el ephone network, personal caommunication system (PCS) network r any

ot her sui tib@nde anyrqogdinatign Oﬁal@plm?ﬂ@cﬂ@{‘%tﬁwo%ﬁéim%‘éW‘%@@%A&Snﬁy

i nclude a I nat | ' A b

w rel ess LARERESA dtiler G i BihccR ¥ AT, SOLNT Sre ACPANTERY |
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ot her suitable network conmunjcation,k pr.otaqcol y I mpl ene such as
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[ 00039] Th i . ni cati on technol ogi es may be conbined in any
conbi natio‘ﬁﬁﬁgﬁib?l?n&%lp\% e area network (WAN) or a netropolitan area

net wor k ( NBO)39] NotRieky vatitngs wbmeluaisticro erhinologies amaybbe veerbinddeint amcker tag

12 and the data . .
combination to form a wide area network (WAN) or a metropolitan area network (MAN).

Notably, the wireless communication between the tracker tag 12 and the data
communication network may be implemented by satellite, cellular telephone, PCS,
wireless LAN, or any other suitable wireless technology.

[00040] The tracking information server 14 selectively provides command and control
information to the tracker tag 12 and receives the combined position and time data from
the tracker tag 12. The tracking information server 14 selectively processes the combined
position and time data and selectively generates certain tracking information for
monitoring movement of the asset 16. The tracking information server 14 selectively
makes the tracking information accessible to an authorized user of the monitoring device
22 via the tracking information network 20. The authorized user, for example, may be a
subscriber, an employee assigned to monitor the asset, an operator/administrator
associated with the tracking information server 14. The tracking information server 14

may also selectively receive command and control information from an authorized user

11



comuni cati on network may be inplenented by satellite, cellular tel ephone,
PCS, wreless LAN, or any other suitable wreless technol ogy. [00040] The
t racki ng wofoenomss on server 14 selectively provides conmamldTarsds/cass r ol
information to the tracker tag 12 and recei ves the conbi ned position and
time data from the tracker tag 12. The tracking information server 14

sel ect i vebfthpmooiesesdavine 220 Risferably, thotrpekinginfosmatiomieraritld 16080petiblect i vel y

generates cerfain tracking information for. ' i t he
asset 16, WG BRRTRGPS e LT oRe Sy TR phd s RECHE Hackng
tracki ng gﬂ&ﬂ{aﬁ%hg&&ﬁ%ﬁir@!mﬂﬁot%olam hori zed user of the nonitoring
device 22 via the tracking information network 20. The authorized user,

for exanp[e004ihy The trmckisg bfemdtion seraer Krnppnipekide pEapgegrammsd sHPeERnst he
asset, an operator/adm.nistrator soci at ed w t. ' ' rmation
server 14% %ﬁml?ea&,)m ther RERY ﬁ%?ﬁoéﬁaﬁ]%ggwg}’&l%\éﬂo}r’%g?fl"g}?rsl}éa{tgoglll%@tgit\?gl%é;% recei ve
conmand apgd GORY fRkthb GrGHoF RS hrdBesk RIBoABindY pbifion el titfiedata lill) WREE/ck04834
PCT/ US03/ 14483 “ ofthe nonitori ng device 22. Preferabply, the tracking

i nf or mat i aot tveyenemtelitackingdufopmatian aad whiat type F raclopginforatips tsgepeEte.he dat a
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prot ocol . 1 )CYBE" OF Bt § PSRER %E(?W%rvﬁav%l}e%her S g?&éﬁ%ﬁ%@%%@wh
pr epr ogr agpERdsib1e e a GlthOMsed user, 81 Y WhétRer drinovhetdd€ive esmmandston cpitpoli de

comands or control information to the tracker tag 12, ii). whether or not
t o proces snfoimmatioo fivnrachughasized vser.oQkher types of areprogrammed HStTHEONSAre 3§t t o

generate tracking. information .an at t - ' N Qg8 to
gener at e, po§s§t§e.v\ﬁ‘gp Wé‘?pr%rameddn%?\é\goqssméﬁﬁ%gﬂ;lﬁ”}zﬂé%%i&\}g& \?\E’e{(ﬁ(gr’ md ?%ot to
make trac %ﬁ;ﬂﬂeﬂlé&{@& MRt bR NutiREEES sk 6f R BdnAit deviesl 20s eSomanef tie)

whet her or not to receive conmands or control information from an

aut hor i zegrepsegram@teddnstrugtions why pe énptiadly canfigured. resitedcandipsupplemented,
possi bl e. The preprogranmed j.nstructjons be initially configured,
edi t ed, aﬁé)‘qﬁlt e%%ﬁ‘ﬂ?geﬁéfétﬁfne]éj ‘B)S}'aﬁlﬂn% eﬁgsre??é‘d user of the monitoring device
22. Some ib"d‘m TRE BORARKATRAnt08S fratkbs B SomBindtoibepiniraddivingpontiogur ed,

a

edi t ed, d/or“suppl emented, ~ while the tracking system 10 is tracking the
asset 16. apd0d2{latZhbegio transmittingaspmbined nesition 28R diMe dyfacHAPERBENEEegi n

Lo, spoomeotaiihiesnimasuitingpnibnyceston setdima dectn egin
[ e et 5, coebipsd ppseRtad bE iRt RuhE P R ICmBtRL | 0D "

recei vi ng pRSiI{d BBLAs @taélhigg iflsthftiofoear@anbmmandy tébegin ipredessite ¢onshiddng
i nformati on”server commands to begin processi ng combi ned )
position and time data, to begin generating certain types of tracking information, to stop
generating certain types of tracking information, and to stop processing combined position
and time data. Other types of commands are also possible.
[00043] The control information may include a tag profile, a link from the tracker tag
to the asset, links from the asset to elements associated with the asset, and link
information associated with either the asset or an element of the asset.
[00044] Typically, the tag profile is tailored to the type of asset being tracked and the
tracking information services contracted for by a subscriber. The tag profile may, for
example, specify real-time tracking, tracking on certain detected events, periodic tracking,
and/or tracking on command. Additionally, the tag profile may include thresholds
associated with detected events, parameters associated with predicting estimated arrival
times and/or travel paths, types of tracking information authorized for monitoring, and
types of tracking information reports authorized. More specifically, the tag profile may

include: i) tracking information to be monitored and frequency, ii) vibration thresholds
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position and tinme data, to begin generating certain types of tracking

I nformation, to stop generating certain types oftracking information, and
to stop pwomasdeissy conbi ned position and time data. O hePCIyyse3y14383
commands are al so possible. [00043] The control information may include a

tag profile, a link fromthe tracker“_tag to the asset, links fromthe
asset to aiseciatet Svith sacipaed siyitdawn, [id) vibretien thipsholdsagsociatgdowia nrepal

associated with either .t SEEY hi |

Typi cal | y™o ﬁ‘Be‘%tab‘(s [5?561???%%%2&? P%F e S? (l')eea?’ﬁ\r’eB P@Iﬁ%édgf% ug%égip lgg?ggé?r acked
and the boRitdrROviiipfRl smt fuelcontunvptimsinfoombticr; hediix) aepdns ta be phosieder . The
tag profile may, for exanple, specify real-tirre,tr%ck%)rc}g, trackj ng on
certai n dendrsped freguency, tiopah informafaon may alsebejingluded Btke tg IAMEommand.

Addi ti ona A he.ta rofil ' : i A it h

et ect od 905L bl B B 17 By HACRT 48 MRnRSARA Al
ti mes andi@peddedwdth QhManicitioneto ik tlatiag infgrmatibarsemer b Bhis fsdraw e f or
nonitoring, and types of tracking information reports authorize Mor e

speci f i cgh‘aylgn% informatjopsesver| 14 idengifiesithegathined position apd tge fiﬁﬂ,dwaﬁwfa{&b{ to be
b/ Usos: Tt B ot 12 4 Bt BErd s ARAA: Hapiiraintbh il ey

t hr eshol dghagaeEbmitBE traéleh tapan T khe d¥gut @ARlbws the)tracking infotnedion saass tov)
hazar dous areas, vi) planned course,. vii) hi ghtSt ress conditions, viii)
Y

fuel and sseriateotheueambined pasitomard sme dafg he gsset so (thatpthe graskgsed  and

report freguency. Addidti | nf.o | . | tag
brofi 1o itamen RpfarereRiihe b FORLIbIE e QURE: AR i AEHCABH dul e}

i denti fi catiigteddaba airraf tiibno. Sibikaethe voinbined pusitidrcatd tomsddiocantalsattreacki ng
information server 14. This is how the tracking i

! ] I ,nglnf rmati on server 14
i dent i fi egssonietedayith anedenns pfthessselby the additipaaldink from the ayselhtp ef‘gﬁﬁ'@’ﬁtm tiple

tracker tags 12 are conmmuni ' ' the tr ' - 0f I+ G ver 14.
The' 1 k. PEREHES Pl i bt B %ol obito G SiRfd BRkiGy Thp e HICRENY

i nf or mat i QEsoeRIMBE tiaGkerass RchAficatibm dats vithi the dirprafitiil mizndnd thesecatda wi t h
the asset so that the tracking .inforpation can referea_c,e the asset., For

exanpl e, {ihk may assosiate afjel puawn seriplae: Wih thepirgrafiipll nge Addiens] exymples of 1 cr af t

tail no. Sjmlarl t he [ il O [
associ at e&ie\’ﬂef’ E%Iugfe eorpg?\at cr’Tltc%f Qfegveﬂgégdsbtg{’ Ighf?%}%gts’a |e??%ﬁl§fselrbian OS? r @rgﬁ t he
asset to toperatibfireflipmefidtens AiBupporasquipraa items 2 ther typek oEtlepemp an an

aircraft engine. The first |ink maé ..associ atﬁiﬁéhde tracker tag
i dent i fi calsopossibleaMultiple elementscan he idertifiqd and lisked tariBeassdcond 1 nk may

Zi Zg](::): Zts € (g@o&%ﬁ" LR Ronfitldds &gcﬁp\ﬁévg [hed AEutiBh h&sbaibTed W a IBR- FoAddhhpignal

i) asset identification data, if) asset certification, iii) asset operational information, iv) asset

maintenance information, v) element identification data, vi) element certification, vii)
element operational information, and viii) element maintenance information. Other types
of link information are also possible.

[00047] The preprogrammed instructions in either the tracking information server 14 or
the tracker tag 12 may include any combination of the various types of control
information. Likewise, the commands are typically included in the preprogrammed
instructions so that, as certain events are detected or as certain sequences occur, the
commands can be communicated automatically.

[00048]  The tracking information server 14 may include the algorithm to resolve
position and time data for the tracker tag 12 from raw GPS position and time data

included in the combined position and time data. The algorithm generates XYZ data
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el ements include operators, crew nenber, passengers, asset owners, cargo
Itens, operational equipnment itens, and support equi pnent itens. QO her
types of wbhangoss4 are al so possible. Miultiple el enents caeThsos/dastified
and linked to a given asset. [00046] Link information is descriptive

I nformati on associated with a link For exanple, i) asset identification
data, ii) repsesentingdatitufé,dengitods, and altjitude@equitpgpasitionaad tima flate frem aleasti v)

asset nmapnt nce.l nfor i on, Vv | e t, identification data. Vi), el ement
certifi cakquéﬁ%%%\?iaﬁmeséPéﬁtﬁftﬂ%cfﬁgféﬁ“ﬁ%gﬁgﬁdﬁ%m IF"Bf? reangne P?ﬁa‘S‘m&}“)é‘rre nt

mai nt enanggeidafaGrshi Akt b @S liemites) R the bdde bRk BPAdsOHibedIaBod i the
possi bl e. [00047] The preprogranmed instructions in either the tracking

i nf or mat | esobmg\adgorithmds perfonped indlddeackenigg 12. Fhyalgadthodsogeperetasbimeat i on of

typi cal | yoraarRaReed Wik R Zoros Y gaPh e PR BE TR M Lr i o
event s ar g4aetesInsteRlompPodesi th abdbni B BmPFes QG mbirel fositici HiE A daan be
comuni cat ed automatically. [00048] The tracki nl%idl nformati on server 14 may

i ncl ude t trenswhigsporist Whe trackisgsofovmatignueiver bhmay ihclidaenaiyptipnfasd deargptionacker

tag 12 fromra S posj-tion and tine data ., incl.uded in,the conbiped

pogi tion amefsgﬁgga%ﬁ&?d “’Pli‘}E“‘H‘fcd P‘i‘slt‘g‘ﬁ? @\sﬁfa?lae{fﬁa@ IQY%SH‘Z‘%QB“ aitﬁ“’@@) "697"104834
PCT/ US03/ {44i83g idfSRhaRANHRE 1k 3hdyt biBde liRN@ickHfion procksatd Hbdigia decafeui ring
position and tinme data fromat |éast four satellites) or XY data

r epr esent combined positien andtimedajh trausmigsiersui ri ng position and time data from

t | east GP tellit. in th d_.ab if th
eso o1 nolOHOaSH it iR iknar S e rEna i Fo dRanpl b SRR L e
gener at es wije[Rs aﬂ%@e@&ﬁﬂﬁﬁ@aﬁan Vdchibldtés RitablY o @bRMmunitatidsd6teddf the

information server 14 may include a data deconpression process to
deconpr es srackinpnégsrtion sariérd d dngibs monioringdevide2e. Beefesably, cameminiostionss. The

tracking information. server 14 may | ude..encrypt i and decr |.on

pr ocesses Pigee %Faé:@“@d’?fﬁﬂm]ﬁ@&ﬂ%ﬁgﬂ%b taﬂg fhr?re%ratcgg’g I?g%;lm?aéla n fﬁr.ve'ﬁs% Ae{l(r%iot her

al t er nat i Ygpwdeh ehe frackédel iRfbrinfEH MO GAIMBE mbhitBRg d&VideIeart Bethdscr ypt i on
process to decrypt secure conbined position and tinme data transm ssions.

[ 00049] Tiwaret Hawévey ditheoefthesecommanigstiRnomayydyreleanrchnshmay by vaemiessnat i on
O et 1555 B0 G RS SR 151 DAELAP S bk oh
moni t or i ng BNl fwéd, aPiRhRneRIok, SR UOMBiRAkGH\6F pubRd Mg ivatthetwakki Ng
i nformation network 20 and the tracking i nformation server 14 and
As such, the networks identified above for the data communication network 18 may also
be implemented in the tracking information network 20. Notably, the tracking information
network 20 may include the Internet, which is accessible through each of the major
communication systems identified above. The tracking information network 20 and the
data communication network 18 may be linked together forming a common tracking
system network.
[00050] The monitoring device 22 is any type of device suitable for communicating with
the tracking information server 14 and displaying the tracking information. For example,
a personal computer, a notebook computer, a personal digital assistance, a wireless
personal digital assistance, a cellular telephone, a satellite telephone, a pager, or any other
suitable display device. Preferably, the tracking information server 18 provides tracking
information via a Web server connected to the Internet with suitable security measures.

Accordingly, the monitoring device 22 preferably has access to the Internet for receiving

the tracking information and monitoring movement of the asset. However, the public
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bet ween the tracking information network 20 and the nonitoring device 22
are both by wre. However, either of these communications nmay wrel ess or
bot h nay We msilo48Be£ss. Li ke the data comuni cati on net wor PCTAISo¥/he83 r acki ng
i nformati on network 20 may be a public network, a private network, or any
conbi nation of public and private networks. As such, the ,netgzi\or(ra)@

i denti f i elhtednetis nbbrequired ort conuawmicationsbetvisem thepenitorigs ﬁlﬁ‘ﬂ‘c%l an

i mpl ement ed Ji.n the tracking ipf t . s thidSieh kacki ng
i nf or mat | GACKREIYBTRALSH Sﬁﬁ’gr :lﬂctautg% Jtlﬁghaﬂﬁ%s‘é@%ﬂggggov% c%ﬁlmé Rccessl bl e
through eggbat@hetifik BRiofs-to-6RIAMNIS Bipk Conrigfibty thrdugk atpublienktabrdve. The
tracking informati on network 20 and the data comrunication network 18 nmay

be |inked[@09§a} heWhiloFHF.nlgdepicts mirsaking sxstemd 0 ks prsdrarkentnel? ¢ ] The

noni tori ng devi.ce,22 i n ' i ' iNng With
'he. t 1 ackiRGPHTEH A Bn TSSO gt e RS Tk BB ARV SRIGR0 1 o,
For exanphfiltipl® nisHhitdAnR dedesiPUUSs of anultipie racker cagpeilcars a asgretosmoaitordi gi t al
assistance, a wireless personal digital assistance, cel | ul ar t.ei ephone,

a satel | | meiltiple asseshesuch apagleet ofraitgraft ot Rl rairberne; aisradt. oUss| ofympliplec e

Pr ef er abl t he tracking, inf [ ryer LQVI Ki g

I nf or mat i %‘H’I\l}f)ﬁn% d%ﬁess@p\‘}vgrrglg:lgﬁl%gg{}gzgt%&ﬁ?%%flgﬂs%\rﬁng:t%\fcm&%lﬂﬁIé’u?t gr Oe
security QRaSK'@SE be MRS PEk¥riodshBereRsdoutedwittiahe cargd 2asprel &vwelsy has
access to the Internet for receiving the tracking ipfornmatjon and

moni t or i ngsseciatedemithodirarafe oxaest the pteaafl fuel ; pleng, GROPECUTSL s HENPERE34

PCT/ US03/ 14483 Internet is nat .r | f i | het t he
o tor i nGOBEGHe 27 ST S8y QBthas, O (SRR FROURTLER R

al ternat i Ygs anf phulifle GRMTHME ViR prdvides ugombinafioh vliditivalsueharis.
one-to-one dial - ]? ype connections through a E)Ubl I ¢ network. %00051] VWi | e
FIG 1 defff@d5e]a Prefsrblnghe jrecking wdormatinn servex |4 isdqusedif 4 singlp dactlfix.

moni tori ng, devi ce. 22, the. b a | NeHMSIR e
tracker t Weé'ﬁ'a/%rma%uthﬂh%ﬁg&trgr{i)nna%gi ﬁgﬁ%%v?dgg@?g %rslderhg# rruf%%éé T acker
tags al | owgefRra¥Rethelt@ckMB irfernation bérivg 1o ias g@und-basedisysiem aHblveedr, athemi r cr af t
or all airborne aircraft. Use of multiple nmonitoring deggsé&%@aél ows

]
mul tipl e dwessof platierns argmossiblasweh as Frpirboxngpipformyorhships P can be

noni t or ed ri user sagkat e gl I rs
associ at e&%ﬁé aﬁyﬁpéfér%‘ﬁggor ?ﬁlt}?\% ag.]i %@%@Qﬁu@fé %g?r%atﬁrflgﬁﬁl asgt?%rrngff(ﬁ t he
transport jnedEdanY . tradRer S@VE2, N Ntack@uinfdrmatiomgerver @4, thef aseurée thse of

both multiple tracker tags and nultiple nonitori n(gIL devi i:es roYi des a
combi nat i gnordtoriag devire?d thesGR satellite constellation 24, an Iridium satellite conste lation

28, an Iridium satellite/PSTN gateway 30, a PSTN 32, an Iridium satellite/Internet

gateway 34, and an Internet 36. The tracker tag 12, tracking information server 14, asset
16, monitoring device 22, and GPS satellite constellation 24 are as described above in
reference to FI1G. 1.

[00054] A global implementation of the tracking system 26 is provided by a data
communication network 18 (FIG. 1) and a tracking information network 20 (FIG. 1) that
provide global coverage (i.e., worldwide communications). The data communication
network 18 (FIG. 1) is provided by a satellite telephone system and a terrestrial telephone
network. As shown, the preferred satellite telephone system is the Iridium telephone
system. However, other satellite telephone systems that provide global coverage may also
be implemented in the global tracking system 26. The preferred terrestrial telephone
network is the PSTN. However, other types of terrestrial telephone networks may be

implemented. More specifically, the data communication network 18 (FIG. 1) is provided
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[ 00052] Preferably, the tracking information server 14 is housed in a
single facility. However, it may be distributed anong nultiple facilities
and net wowbed/1048get her. Preferably, the tracking infornmaPCouss®ismes 14 is
a ground- based system However, other types of platforns are possible,
such as an airborne platformor a ship-based pl atform 00053] Wth

ref erence bb’dhﬂ@lu@,Satﬁmt%ifﬁ?é@uﬁ@ﬁ‘tzs@fhealr‘d}uﬁb%f‘e“ﬂtfe}é)ém%atévg %9735126 thg el udes
t he trackei;S(}tl@gle, the tracking information server 14, the asset 16, the
nonitoring device 22, the GPS satellite constellation 24, an Iridium

sat el | i t e [00o0SH]elih thielembodigRnt teing desclitied) thatratking iaformafibredreark2BFIGa PSTN

32, an Iridiumsatellite/lnternet gate 34, and an Internet 36. The
tracker t dgismprovidediya satpllitetelgphang Wﬁteg’éﬂ\‘l\‘%@e Igfg,rnegggegs shogn, ths pretesredhg
I

devi ce 22, ' i & ri in

ref erence B tgeﬂg? g?&fﬁ)%% gg%éh]qs E\R‘gﬁ) ha 'a[}elﬁgllqb er%ésﬁt gﬁ oﬁog?§€rh gﬁfé? 5@‘?%8 system

_26 is pr Q\tblépld)de)Syaeﬂat}ﬁt pmidag%mwmgaerhupalko b8 irhpleiGentd inathe _gk)bwat acki ng

ot 1 ekl TSR RE 20 Orer L iaRALE: (56 RHAGHPE METTBIOOR BENIATK 2IGFICH 16 1) | s
rovi ded f : | e

etvor k. AoRdefholriduh S aRIGARANELPI, Mlfuhbicfind Il BlapRS |

t el ephone and\thd Biernéi@gver, other satellite tel ephone systens that provide
so be inplenented_in the global tra tem 26.

| obal coverage nmy . al cki
'?'he pr ef er[p@@%(]erG%’?@quanrageePfétﬁﬁ &raeker g Wb pecured tg e sagts Pm@a&%ﬁ%t her

types of ter tL] t h r ' N6fm

speci fi callﬁ%&? hsé{egg? asﬁ%gtﬁml% gxggg,‘ggloﬁgt év%ﬁ(sbt%th% Eﬁéﬁm% 'S S{r\{%\;/?)‘d/e% 15 WO
03/ 104834 absoriefdiehthdsdtat thymbhitoringiddiioeispadredddibyehehidiume kdtellifecpsta@, t he
Iridiumsatellite/ PSTN gateway, 3Q, and the PST .. [0005%5] In th

enmbodi nentIn@eiaﬁ@ltleeaé@mbB@menmf@&b‘%?it{ﬁﬂang W@Wgtgfcgﬁl #F@P%d? %kotzeqltl G 1)

is provid . | S 7 a: shown,
the' pr ef eredre BB Bbild AanBR S0 TR P Mgl Bt Rehmdfican  Com
However, aieheorks éiatptovide redieabpiiocat asoesd tertbe travhingpnfounatongenkal4 whiler age

may al so be inplenented.in the gll obal

.. tracking system 26, Nbre
speci f i calthgdatg gemmugicatioigetweiky M?‘Bﬁesrgé‘iqﬁt?%g%e-( ryersely, [nan agpther ged by

the Iridi i ll:aL i 8, Ly cli sidqe/ dyat et
gat eway 32%& b%gﬁnrﬁ thotefe‘ll %?%?%e i iﬂ?ég%f‘ﬁ’oﬁ%‘;ﬁgr%%}gj?o%?g%défégf !tH%e&{t?ac ker
tag 12 secumenurdicationactassiel8 (FHGpi pmayledpldyert hther communication networks that

provide regional or local tracking of the asset while the tracking information network 20

provides global coverage.

[00057] With reference to FIG. 3, the GPS satellite constellation 24 includes multiple
GPS satellites 240 orbiting Earth 37.

[00058] With reference to FIG. 4, the Iridium satellite constellation 28 includes 66
Iridium satellites 280 orbiting Earth 37 in low Earth orbit (LEO) at an average altitude of
420 miles (670 km). The Iridium satellites 280 lie in six (6) orbital planes, with eleven
(11) satellites per orbital plane. Within the Iridium satellite system, the Iridium satellites
280 communicate with Iridium telephones (i.e., radio transceivers or two-way radios) and
gateways to terrestrial land line and wireless telephone systems, as well as gateways to the
Internet. Notably, with the Internet gateway, the Iridium satellite system is an Internet
service provider (ISP). Worldwide voice, data, and Internet services over the Iridium

satellite system are provided by Iridium Satellite LLC.
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Iridiumsatellite system Likew se, global access to the tracking

I nformation by a subscriber/client user at the nonitoring device is

provi ded wp iBhe#sB4 i di um satellite system |In an additi on2CTarsbpdidsent of a
gl obal tracking system if global access is not required, the tracking

i nformati on network 20 (FIG 1% may i npl enent ot her copmunication, networks
t hat provi[@@05%%gi JWith referenesctal ch%sﬁbe gliitgdecof; exeamlary dats sommpnisatiaer ver 14

while the data co A1 cafii. 1 r Q4 : :
Conver sel ot othe aREaneRiE oI D Ao P SRS Souph 0 BostMELPIE, an |

gl obal tr ayktaEmi satdllié comtliation] 40t HFcldaésic sataivaebnseltation 41eh \Globaldsdr (FI G
1) may inplenent other comruni cation networks that rovi de regional or

| ocal  t r askicHite esmstelletiond@erndakybridgasatellife ronstsllptigns3arbit arth a7 aildrRE20

provi des gl pbal coverage. 057] 4 W. 2f.e

satel || tegsbgfﬂg?oéﬁ]laﬁ?ﬁe@ ?A{L%ﬁ%tfoﬁlld%“s aﬁrb ﬁttp]ﬁ %?erﬁ&gg&gsg%i%ﬁ?? ? g’sa%QEB(fgrabi ting
Earth 37. shQ@fied&instilition’ sibig he@edit@ Har@ orbit (MEO).| AINAVSTIR €PKsitellite
constellation 28 includes 66 Iridiumsatellites 280 orbiting Earth 37 in

| ow Eart h consteliation B8)pndie Glonasy satellite constellatiga 38forbin Barthpt aBighgalfitRdg.. The
i e 220 Lo in e o At 1
sat e |1 o400t o 307 3 Mgt Vrf okl | deS o RS conl i i e .2

I ridi um s@elstd i@ EnplREntahePrEseaAbplicatibh By iusé ofMdriecdranbiersfshdse satellits adi o

transcei vers or two-way radios) and gateways to terrestrial land [ine and
wirel ess tsustephdheintspdedpperations\ges pbtaiged as dimsedthsraime | nternet. Notably,

with the | et | gi.di L N et
service pr[gé/ﬁllir W?@ﬁ%%rtbgﬁm(}dé’ 188?{?81?13%@#5#%03'%@3?%@%@5 égleird\;}(?egg over
the Iridi \gata it R GISteNiRna0 ps theidekeriag 17dntthe msSatcalelg. taggehé@l 16 WO
03/ 104834 PCT/ US03/ 14483 [00059] Wth reference to FIG the aJtitude of

5] .
exenpl ar y aviatian sieerafin Rasa framsmissians filom the sragker tag data aspraaysd by thededium

il lustrated, ..Jh i di um.sat el i I ion 28, an O bcommsatellite
const el | atsl"ltc?ﬂl-[%g?dé’fgsrlg%%@is te@%‘%@??ﬁg&e&a&ggél |l ation 41, a d obal star
satel | i t e [ooun2 elri6 6 partiddlaripAstedthakiterader tagiedldh tate t6 amBridiih teldite 43

orbit Earth 37 at LOE. A Concordia satellite constellation 44, an O blink
sat el | i t e védelsindpingendsihia siformpation fo # eround sietion, apdfsthespsers orapisis ¢ at a

medi um EarS%{;eP%g tﬂfgvigi%{gﬂgPFﬁét{H@ﬁl@%é%?{ tellite constellation 38 and a

d onass sa e Cco arth at a higher altitude.
[ 00060] FI[God3]i | Wit fefdrescearHIGUS, o binbadineht of thd@mckartagatahdludes a
constellations that may be used to inplenent the present application. By
use of ondoaver fgpice ndigeaversionmeodulg 47, a data communication link 48, and a data

acquisition and processing module 49. The power source and conversion module 47
provides electrical power to the data communication link 48 and the data acquisition and
processing module 49. This permits the tracker tag 12 to operate independent of external
power sources. The data acquisition and processing module 49 selectively receives
position and time data from GPS satellites 240 (FIG. 3) within line of site of the tracker
tag 12 and combines the raw GPS position and time data to form combined position and
time data and selectively stores the combined position and time data. The data acquisition
and processing module 49 selectively communicates the combined position and time data
to the data communication link 48. The data communication link 48 selectively transmits
the combined position and time data to the tracking information server 14 (FIG. 1) via the
data communication network 18 (FIG. 1). The data communication link 48 also receives

commands and control information from the tracking information server 14 (FIG. 1).
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systens, the intended operations are obtained as di scussed herein. [00061]
Wth reference to FIG 6, in one enbodi nent of the tracking system 10, GPS
data fl owwofisamsshe GPS satellite 240 to the tracker tag PETASOY/hE8ASset 16
(e.g., a general aviation aircraft). Data transm ssions fromthe tracker
tag data are relayed by the Iridium satellite 280 to the Irjdium

satel | it e[0aSPH] gkt tagybpdimenpbrinpdescriced, theparer squreg angl Gopversion mpdulen e

t k t . ds data t | ridi it i k: t hi
i or mat | 4G wPa ol R0k bAAHTbRRY sy ut BleffhubiOn kidpligzanaim {1 o
satel | i t eg pafgy! c%x;ggr i58f oMERIowRR sbrct 50 pidviddsepontengo thdPHOE] didibitianef er ence

to FIG 7, an énbodi nment of the tracker tag 12 .includes,a power source and
conver si omadustifde The power seusce Shimay inchudp any gqmhination of 4 giezoeletdc PAWEfui si ti on

and processi ng nmodul e ., The SQU '

provi des gF’éeEgtPf’@éPfab%‘a@me Bar%eﬁgg\@ggaﬁcémpfgaarﬁ ?%&f’ﬁs“!ﬁg‘%ﬂg? gﬁgﬂy ﬁ%s dat a
acqui si ti ps@ffle pvRE25%IcBH TR werdlstrifition medulk 54 colditionisahé powere 12 t o
oper at e i ndependent of external gower sources. The data_ acquisitjon and

processi néhatwuitdble pOverds pravidedtp the yatigesscomponerts & theidagkenigd?: alhe om GPS

satellites 240 (FLG. . 3) w.thip, |j i nd
combi nes PREY éé@t@‘é"oﬁog]iofl\ﬂ ng%ndé& ﬁtlnﬁés %g%ngr '([% {)) #‘gﬁjn@lttt% nlgﬁé\réglt gg’s ijdt%fagn and
time data 3psnaRhesH iiMRI48, shoURe dcheisiienand ptbcpsitigh nodulard. tTiwebattetya. The

data acquisition and processing nodul e 49 selectivel com*runi‘%at s the
conbi ned pbaigei Wreleatdvaly anplissehargercyrrenido thebackapbatienySdt Ferexpimple. When The

data communi cat.ion.link 48 sel egtiV ) ' Idion and
e dat a PO HET ihagsh SplPo Fribt B babpRkas semif P3N 56 B8FLE 2
comuni catcygntethobdekd btz 5215electively gruvides powin e eel powdri diktribBtial so
receives commands and control information fromthe tracki ngm'eﬂ:fag mati on

server 14 nj¢dut 54.) For axamply, odtenqess fiparthegmayer sagge 1y @H)'@b
Che udes beewaR g retde BBl pofH SraRtaIAAEL 5400 RO B 5

i ncl udes a power distribution

modul e 54,[08065] anhRd &MbodikbRERIE deSeribbahp dwarcommunivation liglk 4% indlrgepover to
t he power distribution nopdule 54. The power squrce 50 may i nledf any
conbi nat i cn R anfensiaSBoeradia iransceinend0, a gRygHon/decsytion NIeeess et of "hanel 86

(FIC. 50 288 P pRE ey 85 (R (B g gt pover
sui t abl e pENEdatd ®& thé ANERLinfRmbhien ¥avdra4 $FICH Mpoiadatasonfminivation aetverk t ag 12.
The power distribution nodule 54 distributes povvelr to lt he r?x%}a% Sr Xndchar ger
56, data 18 (FIG.1). The RF antenna 58 and radio transceiver 60 also receive co

control information from the tracking information server 14 (FIG. 1). The

encryption/decryption process 62 is optional and may encrypt and/or decrypt any type of

communication transmitted or received by the tracker tag 12. The encryption/decryption

process 62 may encrypt all communications to the tracking information server 14 and

decrypt all communications from the tracking information server 14. Alternatively, the

encryption/decryption process 62 may be limited to encrypt the combined position and

time data transmitted to the tracking information server 14.

[00066] Inthe embodiment being described, the data acquisition and processing module

49 includes a GPS antenna 64, a GPS receiver 65, an environmental sensor 66, a control

device 67, and a controller 68. The GPS antenna 64 and GPS receiver 65 selectively

receive position and time data from GPS satellites 240 (FIG. 3) within line of site of the

tracker tag 12. The controller 68 combines the raw GPS position and time data to form

the combined position and time data and selectively stores the combined position and time
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comuni cation link 48, and data acquisition and processing nodul e 49. The
battery charger 56 selectively applies charge current to the backup
battery 50 oBoo4saxkanpl e, when power fromthe power sourc@®CraISVwW483 he
battery charger 56 may not apply the charge current. The backup battery 52
sel ectively provides power to the power distribution _podul e 54. For

exanpl e, ditenThowatrollersi selestiysinermmwnieates the cembinedipasitionad FaRda3 topat t er y
52 may not, pyovi de o&gr ﬁo %ge power distribution nodule 54. [00065] In

t he enbodf a%%mﬁﬁn 0plinkd8: the data communication link 48 includes an

RF ant enngydpBy] @ Thaehfrdrnintt 8éns6F 668 opdoakl AN ismplunypitddo tecmeityrpéntal pr ocess
62. The adi 0 transcei ver 60 and RF antenna 58 selectively transmt the

conbi ned pasotbémaindude preordners aceslerpraetersa dibie SEVIFQINEA SR ¥ 14

(FIG 1) vja data.conmunication networ I e a 58 and
radi o tr aNbEACPAndaO %Vﬁéaé@meaégﬁr%ﬁﬁ;t gatgllg cgggéper’ro@?i F\@ Er‘%g%ﬁ%gr?\ from
the trackihgnirad MerBlhesh fRiNesméds With redélermifibé threstmidsptol dendetieaniouyst i on
process 62 ig optional and rray.encr&t and/ or decrypt an*fh f

comuni catypesofevemts nFortexdmple, usirg:the siratipn measurerents the co %lr%%‘h etect
encryption/ decr i on rocess 62 I ' ' th
rack ng_ Prarineh & ROwer hBR Fhodfgt Muche il 1 dIG AU MERIOANGE IR | 1C

tracking i B&Q{/ﬁfgﬁti, R1) sl dfShovetentbf BE BRES, WY ckssatibreof moveny@it bbthedsset,ypt i on
process 62 may be' limted to encrypt the conbined position and, tjne data

transmi t t edlexcessivieéncrease lniaceelération ofihd asset.sad yi £xceasivg drgrraeg In pereferaiion
enbodi nent .Qein scri.be t he b Skl [ ule 49
i ncl udes é’f%%“ght %i‘l“&’zfgé & eﬁé%%%\%@%%%&% rqe%g%fi rg?)ér%ﬁngatt%gpgg gﬁ@ or 66, a

control  deviaRd8émbaRe pasiEOiddainhedat 8he EheirdimEns taisoedGrayealsh SRS
receiver 65 selectively receive position and tine data from GPS satellites

240 (FI G ofjer wipehpfenvinpamentab¢anditiohst he tracker tag 12. The control ler 68

conbi nes w.GPS positign and ti f : ' iti
cod time d0fgsnd e Bl maY Sl et Srchihe Hiiinide HERETL B OS] o1 0,
03/ 104834 RAILUSPH2144RR1 bélah decelVifg €RNpositidreand Bmeadats theghl stodugrtheni cat es

the conbi ned posTtion and time data to the data communication link 48.
[ 00067] Thembmed positiemand time dateranddegis tigpsmiging the pembipgr ResifinARd times

envi ronnment al _sensor, 66 nmay_.incl ude on onef: :
envi r onnerfel EXfGMPls ?l%eeﬁ%‘é?ﬂerv% r4 (faglrslé) ghr? EQP %%813?&%?526{/% E%I? ::r&o:relw}Hée
measur enefositibR ahd finfeOddth ahd SegifiGtorihigecoamdiiedqidsition andrtpae dstat hbew itier at i on

nmeasurenents with predeterm ned thresholds to detect vyari %us .
aircraft takes off, begin transmitting combined position and time data when the aircraft

begins to move, stop transmitting after a predetermined period of time, begin transmitting
again when the aircraft experiences turbulence, stop transmitting again after a
predetermined period of time, stop receiving position and time data when the aircraft
stops moving, begin transmitting again when the aircraft stops moving, and stop
transmitting when all the stored combined position and time data is transmitted.

[00069]  The control device 67 is optional and provides for manual startup and
shutdown of the tracker tag 12. The control device 67 can be any type of switch or
control suitable for its intended purpose. The control device 67 is in communication with
the controller 68 and the power source and conversion module 47. Upon a startup
activation of the control device 67, the power source 50 is enabled and the controller 68
begins an orderly power up sequence. Upon a shutdown activation, the controller 68
begins an orderly shutdown sequence and, at a suitable time, disables the power source

50.
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types of events. For exanple, using the vibration neasurenents, the
controller can detect 1) startup of a power plant associated with the
asset 16 wblog1o4834 ii) shutdown of the power plant, iii) PSTArSH3/of48hovenent
of the asset, iv) cessation of novenment of the asset, V) excessive

I ncrease in acceleration ofthe asset, and vi) excessive decrease in

accel er at i[8R070f In the embodimentpging descfibed, tae cantroHen @Sdpclpdesadirecesiafdly st or es
detected ey . _al-gn ] . ' ' OSiL.l 4k dat a.
The et r dhiBiagd Hedich 720t Bty B OLEHE QI BE 782 e ReB L WIE O

condi t i onsconirliéafibn With the @R lekeiver &3, emyronsental Saisect® doawrelndevice 6det er mi ne

whet her or not the tracker tl?(g 12 shoul d begin receivjng the position and
time dat a,steyags fevdceord. pyxilipgy I/ gatsi7Aernd eqramunipaiion ik 43a ke steraghegi n
transmtting; Hetolyesl b1 ' X I

controll er&g]é;%?grll cau§gﬂtgﬁg"q‘?}egé@grt%@gg%ﬁgﬁfg%g?%E%gg’. %@%gtgg B%dsﬁ?? I on and
time data BndrieggronessdoT0 regeivespositinn andintd data &doch thie GPSisdcaiverh@n Thee
aircraft takes off, begin transmtting groﬁfbi ned g)(r)sition and tine_ data when
the ai rcr arecespadOgembimepihggaw GPSpositignand tme ﬁ%@a foun the combmed BesHifNRd
period of fi egl ) k1] | alr kkences
t ur bul enceat,;nhgﬁ1 (%Ql La?iélassggé‘?(ﬁ% W&E(gsg@%c%}?@gérh %&E%P tg g%lglre %g{r%le {hﬁg‘?‘{%g’é‘ﬁg? tinme,
st op recei?d. Mhe peodetsod N0 sabettivelpeomiatimicatbsthe tdibiacd wysitfon and tidp datadioinng,
begin transm tti n& agai n_ when the ajrg¢raft stops noving, and stop

transmi t t ithed¥aEriten 76 torfbe datgcommugieaiionlinkyki ti on and tine data is

transmtt 00 | L& 5}.@ |1I1 . ' for
manual st ?%‘{)ﬁang%k sl%g?eg%év%ﬁ({)?l[d%’ %%K{drgggggefbtﬁg%p%% e&éég?l%?%%bgg\% ce 67
can be anyefeygnee ad Bt th When asing thd resolviag|atedrivhimj the proicessoed0 puaypose.
The control device 67 js in.co nicatiqn with the contrqll er 68_and the
power sour%’ép%qﬂg’c%w&é*‘%?%ﬂblﬂ?%@wﬂﬂ‘d ms\#a%@‘g &eaﬁraﬂag:ﬁwgw 8hXJt the
contr ol deyhfhddssolifled RREGats OBRELRKY2 of 8P LR ARAsIRfAUd Bip &Y 68
begi ns an orderly power up sequence. Upon a shutdown activation, the

cont r ol | ergefératdddgisstoradiinathe dita puirmodmdnhes esrsposdigchw GPS positiod afd e ti e,
di sabl es the power source. 50. 19 WD 03/104834 PCT/ USO3/,144(§3 [ 00070] In
the enboditfentatpds Reeadsdhe serbind, gogitan sy ae data ammupiedeqipisdeisor 70,
a storage é%%tﬁﬁcazign JiAE QS ﬂﬂlu%ggthe 54‘;}’2/ %11 )@%{a%tdg%ocfa'téél?m@&fté inéfead Ip e
processor 1s I1n communication wth the recelrver , environmnent al

sensor 66,the v GBS msitionand fime dataor age device 72, auxiliary 1/0O port 74,

and data comunication |ink 48. The storage . .
[00072] The processor 70 detects the events associated with vibration measurements

described above. The processor 70 may use the XYZ or XY data to detect additional
events related to the position of the asset. The processor 70 compares the XYZ or XY
data to predetermined XYZ or XY coordinate limits to detect certain events. For
example, the processor 70 may detect when the asset is i) in the proximity of a restricted
area, ii) in a restricted area, iii) in the proximity of a hazardous area, iv) in a hazardous
area, v) at a way point, vi) at a destination, vii) off course, viii) nearing a high stress
condition, ix) experiencing a high stress condition, x) experiencing excessive loss of
altitude, xi) experiencing excessive increase in altitude, xii) experiencing unexpected
stoppage or significant slow down, or xiii) exceeding a speed restriction. Additional types
of detected events are also possible.

[00073] Typically, the processor 70 selectively stores detected event data along with
associated combined position and time data. Like detected events associated with

vibration, the processor 70 may use any of the detected events associated with position
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device 72 includes a data buffer 76, a tracker tag identification data 78,
and a tag profile 79. The processor 70 receives position and tinme data
fromthe Wwh®3nemsai ver 65. The processor 70 conbi nes the PawUSP8148%ition
and tine data to formthe conbined position and tinme data and sel ectively
stores the conbined position and tine data in the data buffer, .76,  The
pr ocessor amb tigs| tecdatermige vbathen P atelde tFRCKEL FAg }%ah%@‘gb?glsﬁe%?%n& thee dat a

from the_dap. £ : gd)lgqm ' ks | 804 #le The

processor P99 @é@ﬁi{t}@%ggﬁ, S{t‘ﬁ%r}%ﬁg%%@%g a gg)lrnlgﬁﬂlrt}l edg([:?{;?%edangbovegi n

r ef er ence ch@bibdposttion¥idrinsdatiy AddRiohalsohivi tnpe afldgtecietewent tirebeindedsisor 70

may tenporarily store the conbined position and tine data.V\:hiége enerating
a and

the XYZ ofinthytrackinginformation provided ip the sebsgelpes/cliegtugeriaf the mpritgrin
associ at ecgjag.h rﬁata is generated it is stored in the data buffer 70 and
o

the corre "raw GPS position and tine data is purged. The conbi ned
posi tion | METIkapd ceesmMMieteil &tbontmdrdeandatoatrotinformatiomfromntheidate 48
i ncludes the XYZ or XY data and associated timne &lata i nst ag of the raw
GPS posi t icommunitatipndingadd. [Thednprmaten sised Ja gthe788gBt0 9t MaY Rfent s

associated wth vihrati i-hed T or 70
oy use 1+ MESdRleimited 8k hD pEBARKIATE Untrol SARRERUGI ARG R cly] S 1AE FORRD DY
posi tion gb rﬁd?%{?&‘é&étem'ﬁh&i fidgeasarntly fesidenyin tiesstorage deviedt2. X ancthera t 0

pr edet er m ned or XY coordinate |imts to detec certaiﬂ?%gvents. For

exanpl e, wlemativss shestee profiled(), efctesiatn et WE ejtag pyofile,7Q, e i mit y

of a restricted I bl i fiaoifd ) 1N the proximty of a
hazar dous 8 ,re(I1 %ﬁ‘lg&'nedéﬂeéggﬁ?%%éjegﬁ(glrde}g?gg@%t tag way point, vi) at a

dest i nat i gpe07i i Théyrbeasor Banandgdsidhtanasmisgons thitghrakingsfornziodiseriven, i x)
experiencing a high stress condition, X) experiencing excessive.loif of

al titude, Wi(FIGxDemi eansrollinsaxicadhs cambined posiion adzime dajg s cogmynicate
exper ! enclNg, L% aeﬁhfeg 763b W&g&gﬁ?%%%wm ng. Sﬂf}@iévaﬁ&e\eﬁb prBbestbd 70

exceedi ng a speed restriction. types of det'ected events are
al so possicbh®oels [daB0iF@lsmlssing &l b Yurst Fashipn bg eesiting 0 asgroep tof Wi gomsbineds

detected event data_along with associated c i sitio nd tine data.
Li ke det edosiioa\and: imea slakictoapcsgmiffatenin Pbﬂ‘éﬁ g‘ﬁﬁrnﬁﬂe%&sdﬂﬁégﬁga% Mhy use
any of the e ' ] HYi 443

A0l D05 EotEiARaL onfSPIGAAROR A thatel Bl D! OThe SiOHROR o tgﬁ 12
shoul d beghéh Haa&hHi¥iiog Bubd wiplo siatlied taguidentificatiodadata 78t sor thay thehtradambi ned

position and time data, and transmtting the . .
information server 14 can associate the data transmitted with the appropriate tracker tag

12. Event data is typically stored in the data buffer 76. A transmission burst may also
include event data associated with the combined position and time data contained in the
burst.

[00076] In one embodiment, the processor controls the timing between transmission
bursts to maintain a virtual private network (VPN) connection over a public data
communication system within the data communication network 18 (FIG. 1). For example,
the public data communication system may be the Iridium satellite system, a similar
satellite system, or any type of wireless telephone system that provides for VPNs. The
processor 70 may control the timing between transmission bursts so that the tracking
system 10 (FIG. 1) can provide real-time tracking information. ~Alternatively, the
processor 70 may control the timing to minimize transmission time over the data
communication network. Thus, minimizing communication costs for public telephone

networks or other carriers that charge for connect time. As another alternative, the
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conbi ned position and tine data. Additionally, any type of detected event
can be included in the tracking information provided to the

subscri bewOoBiiens4 user at the nonitoring device 22 (FIG POr/uspO0as3t] The
processor 70 receives command and control information fromthe data
communi cation link 48. The information stored in the tag profile 79 may be
pr edet er mipneagssondo may delay isansmission brstsuhil 3 bagin tramsmiting eanmagdigseseived el v,

the t file 79 mav. b ¥ resi dent. in th
Storage. ooy edars CSpBYicaTortleReGHkr TTREAR. ARORABERAT Rt BRI 1
i nf or mat i gRsivibh Bhdtiind Watads therdatd buffer Bssotiated With uoh tragumiesibretnadstanmtibati t ed

during operation of the tracker tag 12. [00075] The processor 70 panages
dat a t r anseknnsyledgmens ofaeceipicef tle itrAmsMIssION oblIsle iy deceived via dhe datgyy

controlling when f.he conbj tion and tinme data is communi cated from
the data SEW"? O?Beﬁ“g?gkggﬁgegghmni cation link 48. Typically, the

processor f[6@0775? OThé ALELAAYD PorETsFbptidralend proddés gt foadibectin cbnynevsng i ng f or
a group of the conbined position and time data to accunulate in the data
buf f er 76 .2 cPhipyterdyvisetathes tacksntagddnrids §emputsh device, forrexample; @ beased or t he

file 79. Th : l SS1 1 th
Lracker t Agprdm H LR ROt A A0 op RN AR ReRSh LR 0 e,

14 can assR¢d@tachutee 7dat Bhd Eﬁgﬁﬂbﬁ d@dceninki be hepapmiabpoinpiiter,ta actebook ag  12.
Event data is typically stor in the data bufter 76. A transm ssion burst

may al so comphtetiea pereoial digitel astsianceapeasiflerdavits: conbi ned position and tine
data cont ﬁh@%ﬂ %ﬂ%ﬂﬁg@%@%ﬁo HOR/ dol e?rgﬁps S?%Tﬁ?enfracktep?agpfzoﬁfsséor

control s ransm ssi on to maintal n®a virtual

private nebyafdp-hFdd hdiRMBBO! Tod adMBsveeatibbwer/Matibes BDWitHpowat diflowsyst em
within the data comunication network 18 (FIG 1). For exanple, the public
dat a conmleners84 wside ppostionafpheabenare providadiin ska kousing 805 A elah colleddpryi | ar
satellite syst or a ' . t . t. prpyi des
For vens. PG fegp sRenlld YRR mENbRIRE By THERBRSP R Bk M i CF

bursts so sbhatolledforiphmst B6 féheratejsiveanaddadt bk Sapplementahppwensotees @G- 30)me
tracking information. Alternative t he Erocessor 70 may control the

timng to ArfiawPe perpendienprde thﬂie%“%/ﬁ;a“@?é? of the tragker tag rAciMrtesihe 8RAWAEL wor k.
Thus. i mi iz SHITS: .
other car IR PrES SR SRR G pbRer. PHRE Sar SHERDC D) BE PSS O

21 WO 03/ Ittrial Pshédietaighd 83
[00079] With reference to FIG. 9, for the embodiment being described, the power

source and conversion module 47, data communication link 48, and data acquisition and
processing module 49 are shown with the top of the housing 80 removed.

[00080] InFIGs. 8 and 9, illustrated is one embodiment of a tracker tag according to
the concepts of the invention. As previously noted, since this tracker tag is entirely
independent from the power source of the aircraft, ground vehicle or watercraft, various
power generating mechanisms are provided unto the tracker tag itself. For example,
tracker tag 12 will include airflow technology having an air movement power/fan tube 82
and power air flow levers 84. As air flow 90- enters the tube, electrical power is
generated. For additional power source, a solar collector panel 86 is also provided on the
tracker tag. A backup battery 52 (FIG. 7) is interconnected with the power source and
conversion module 47 (FIG. 7) within the tracker tag 12 to insure a constant operation
of the tracker tag. The battery may be selectively recharged by one of the alterative

power sources. To provide the communication from the tracker tag on the aircraft,
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processor 70 may delay transm ssion bursts until a begin transmtting
command is received via the data comunication network. Typically, the
processorwd®3medsst ai ns t he conbined position and tine datraTiusoy/hasilat a
buffer associated with each transm ssion burst until an acknow edgnent of
recei pt of the transm ssion burst is received via the data comunication
net wor k 1gr@usidGrehidle of OO0¢TiaftTioea nagking dnfprmatpmearver7ift (HGo )i anetherand

provi des a port. far direct] onnecti a.c yt devi Q. bhe tracker
Pr vt oS 2ol or bt Y RRPORS R er U Al S S pdd 2ok
tag mai nt eRAiGifcAbndl BaAMSHGANd FRBPdIREARSAd 23Rdi8ITP S feb@ivétah@RF twen  t he
data buffer 76. The conputer device maga be a Eer_sonal conmputer, a not ebook
conput er, veaypadie sysiemgackiagal It issdsogotadabat this embedimentdfornasethe eracker GREOZ28] Wt h
reference t.g FIG 8-10, one enbodi nent, of t tracker .tag 12 has a

t ear dr op- SHERR “ﬁB‘i?_giLent_ﬁarB%?p S0 ﬂb‘l‘?éﬁ%ﬁ‘ﬂqe@‘ﬁm‘%ﬂ/‘?"&ﬂf sﬁ% ®82 with power
airflow IreysH1§ 84 Wills iréiBrefcd @S tHIGN 10f férhthe! sIBSdiRER BYifYY iddadibed, tie

housi ng 80. A Solar collector anel 86 is secured to the top of the

housi ng 8@erotyramiowwaturaiof fthoteardzopskapsd hensing 136 is shovay icaisidecior. phhel 86

generate ppwer an ct 3as pl al power sources (FIG 50). Arflow 90
per pendi pﬁﬁ%‘?’n’ttge?eﬁgmggaﬁ‘? i%gé’aggg@ of the tracker tag 12 activates the
power ai mhoewy] | EXRI® ifkdbtrafs ARNEIABfil8 lof tHe'tiaeRér tRO Y®placelith thelfadelagel | ect or
panel 86 dgenerates electrical power fromlight. [00079] Wth reference to

FIG 9, fds latger ewbrallipiatwie shewing the mophtingiof rarkeptagd? onsyugircsathisclso
conver si on, nodul.e afa cqmunicatign | Lnk 4 and data,acquisition and
processi n?‘yh%hiﬁ' an ﬁg}a‘?e‘&§ l\&?etdﬁf?(f‘ﬂ_ o] sixeliaet) eet.r%cg(ﬁrstlaﬁg%%p ryélﬁ%liyed.
[00080] | Rnf! GectriGalRNHofdted Fbis tha iRl spiene BPode ngrtafol Bhib riagiey tag
according to the concepts of the invention. As previously noted, since

t hi s tr acledeperdpnce ofbtheitrackey tag atddlfmrdent from the power source of the

! o : : , ! s o
mechani s SARH 0T GiREhe Rt BN E Sl et Rl B B s i SiPLRdding. oy
tag 12 wi lihwipRsHiéar-atdpishapw, étﬁ@mpdcggynﬁgsmig@@éyaworbeapy@@ﬁm Pedr/ f an

tube 82 and power air flow |evers, arr fllow 90- enters the tube,
el ect ri calwiplswhe power graaration bab. been illugiatied ias am Rir pronet peverfae fubg asd the

col | ector nel,. 86 i | so proyided o he .. tracker tag, tter

2 (7l %Eif‘ar gol}emoﬁg%f&egg \H:?ﬁc"i%%ﬁ@ 185%5? %P@reﬁed %ﬁ%ﬁf&?@mﬁe
Bmefited Fdie 8, iediti 0

t he trackereié\éarg?gé'lhhe %gt teggy rxrnasﬁe sel ec!t)i vely rechar glgd tl)lgmgnle olglt he

al t er at i vahe giseussioncaneanay. alspaisp fiesh cells, hysdeoges twrbing tashnelegy. fhyavheehcker

tag ont h%e&xln[)ﬁ)rg‘}a}fagld still other power generation arrangements in order to insure the reliable

operation of tracker tag 12. Additionally, the tracker tag 12 may be attached to a ground
vehicle or a watercraft.

[00084] With reference to FIG. 11, an embodiment of the tracking information server
14 includes a system controller 92, a communication link 94, a data warehouse 96, aWeb
server 98, a file server 100, and a client communication interface 102. The
communication link 94 selectively provides command and control information to the
tracker tag 12 (FIG. 1) and receives the combined position and time data from the tracker
tag 12. The data warehouse 96 selectively processes the combined position and time data
to form tag data, asset data, and/or element data.

[00085] The Web server 98 includes a set of Web pages for displaying tracking
information. The Web server 98, in conjunction with the data warehouse 96 mining the

tag data, asset data, and/or element data, selectively populates one or more of the Web
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22 WD 03/104834 PCT/ US03/ 14483 ground vehicle or watercraft to a tracking
I nformation server 14 (FIG 1) or other appropriate |ocation such as

t hrough twe oBhossnet, the tracking system al so i ncludes aPCmSP3/di48ECt i onal
transm ssion and reception antenna and a radi o-GP S receiver and RF two-
way radi o system package. It is also noted that this enbodinent forns the
tracker tdgsepwithicetiain tieekinginggrmation &xrmeytitgpag mevemgit afthopsgetr o6 FI6ut down

on wi nd 1 57 Stangey LA Webi £ PLARGSe Lerk SinmticaliS ichlihcenipadi ment

bei ng descr’i bed, € ‘aefodynam c nature o rop- shaped housi ng 80

i s shown isaledtivelyl@nakee\the Aackindibrmdtidg dcgediblegte dgeautiforized aseit be thef t .
[00082] FIG 10 illustrates the side profile of the tracker tag 12 pl aced
on the fugeonitpsing dawice 32 (JHEG. dy windhg tranking ipforapént EWeRe2@UGt Lhg of tracker
tag 12 on hreraft, 1s [ [ ' I . e.n d from
t hese fi gL[ra Qgs?é]t he erdgi(ﬁ(vé’g'leﬁ g‘bseldf; #‘é}; Sﬁég)?%%epi glquﬁg atear e%S%?:agtgi Fr;llé}l&gol at ed

from the iddntdnddhtaints tirepaits, hidet @poes, ahd/or diBinéntirBsattse If repbH HRSTR e of
the tracker tag at all tinmes. [00083] It is further noted that, while the

tracker t dgimplemseérsodh thedag teperts asetiienenis, and{opelemenirenosts iaresteredpn thedile shape,
th ' ' | ' , ile th
power gandP et 405, A8 NEEselftt o8, FlocfurHe ARl Rl fie et 160.ong I citpl "5
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i npl ement elemenbFepexta apseasiblptn anaitharized Bsen gf the mroniipyng desiies?2 (BHe. %agﬂ al so

use fuel Ctﬁ%hﬁcﬁ%%&%ﬁﬁo&ﬁ&%m%’rﬁwnt echnol ogy, fly wheel technol ogy
er Wer g r

and still © eneration arrangeénments in order to insure the

reliable [0pE87at TheaWeb sérvacdesin doafiindizon vitleihe cisnatdnymuiibtionfi@eiaie 10ag 12 may
be attached to a ground vehicle or a watercraft. [00084] Wth reference to
FIG 11, dnaveselsstvelereceive linksdetwegn piaplkeritag identiicatinn daga andrassetyy as well atles a

syst em ¢ onl R linddntoftn i DITHOL AR bR At Mer B the IR ANYRLAUOHIPIG T 2 VD

server 98, a e server conmuni catiron 1 ntertace’102. The

conmuni catliiRéwikée, ke Wib s@h a8 B/ selepfivdly fbesive MR¥baverAdn asvat 4rdl eldnin®y mat i on
to the tracker ta& 12 (FIG 1? and receives the conbined position and tine
dat a fr omasspsiatedwitlethe apsghy ag well shasseriatad ligk wfymaton drospansattherized upatocesses
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di spl ayi n@stfoaasd digting generation of asset data and element data.
[00088] The system controller 92 provides overall control of the tracking information
server 14 and, in conjunction with the communication link 94, control of the tracker tag
12. Overall control may be based on preprogrammed instructions and the tag profile are
stored in the system controller 92. The preprogrammed instructions includes commands
and control information. The tag profile includes control information, as described above.
The system controller 92, in conjunction with the client communication interface 102, may
selectively receive command and control information from an authorized user of the
monitoring device 22 (FIG. 1) to configure and/or edit the preprogrammed instructions
and/or the tag profile.
[00089] In the embodiment being described, the system controller 92 includes a
command and control module 103 and a tag profile 104. The command and control
module 103 processes preprogrammed instructions for overall control of the tracking
information server 14 and, in conjunction with the communication link 94 and the data

communication network 18 (FIG. 1), control of the tracker tag 12 (FIG. 1) by
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I nformati on. The Web server 98, in conjunction wth the data warehouse 96
mning the tag data, asset data, and/or el enent data, selectively

popul at eswong/1o483410r e of the Web 23 WO 03/ 104834 PCT/ USOBLCIAB8B144p00€S
with certain tracking information for monitoring novenent of the asset 16
(FIG 1). The Web server in COI‘IJUI‘ICtIOI’I w th the I|et co ni cation
i nterface cponnum@éngeqmméw aﬁﬁﬁ@@f‘% eformation; Fertainmarthat ovralkrorekmaY e to an
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enbodi ment__bei ng_descrjbed, the system controlle i ncl udes a
[00091]" Inthe embodiment being described, the data ware ouse 96 includes a combined

position and time storage area 110, a tag/asset/element link table 112, a data processor
114, a tag data storage area 116, an asset data storage area 118, an element data storage
area 120, a data mining process 122, and a report processor 124. The combined position
and time storage area 110 receives the combined position and time data from the tracker
tag (FIG. 1) via the communication link 94.

[00092] The tag/asset/link table 112 stores the links and link information collected by
the Web server 98. The link from the tracker tag 12 to the asset 14 allows the data
processor 114 to associate the combined position and time data with the asset so that
asset data may be generated. Similarly, the link from the asset 14 to an element of the
asset allows the data processor 114 to associate the combined position and time data with
the element so that element data may be generated. Link information is descriptive
information that may be associated with an asset or an element. The link information is

accessible to the report processor during generation of the asset and element data.
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command and control nodule 103 and a tag profile 104. The command and
control nodule 103 processes preprogramed instructions for overall

control oWwotohaogssacki ng information server 14 and, in comCoruspd/onsimi th the
communi cation link 94 and the data comunication network 18 (FIG 1),
control of the tracker tag 12 (FIG 1) by 24 WO 03/104834 PCT/ US03/ 14483
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dti t t t k t F ' | (W i nk 94.
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asset 14 allows the data ) .
event. Typically, the data processor 114 selectively stores detected event data along with

associated combined position and time data.

[00095] The data processor 114 selectively processes the combined position and time
data, detected event data, and link information based on control information from the
controller (i.e., preprogrammed instructions and tag profile 104), links from the
tag/asset/element link table, and detected events to form tag data, asset data, and/or
element data. The tag data is stored in the tag data storage area 116. The asset data is
stored in the asset data storage area 118. The element data is stored in the element data
storage area 120. The data mining process 122 mines the tag data, asset data, and/or
element data based on data required by the Web server 98 to populate one or more of the
Web pages with tracking information.

[00096] The report processor 124 is optional. If report processing is implemented, the
report processor 124 selectively processes the tag data into tag reports, the asset data into

asset reports, and the element data into element reports. The report processor 124
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processor 114 to associate the conbi ned position and tinme data with the
asset so that asset data may be generated. Simlarly, the link fromthe
asset 14 wo oano4sBenent of the asset allows the data proc®s3arsoi/14483 o
associ ate the conbined position and tinme data with the elenent so that
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to high pressure conditions. Another fuel pump report could identify takeoffs and/or

landings and associated conditions.

[00098] In the embodiment being described, the Web server 98 includes a data applet
126, a map applet 128, a map storage area 130, a tracking information module 132, and
a tag/asset/element link input/edit module 134. The tracking information module 132
includes the set of Web pages. The tracking information module 132 presents tracking
information to an authorized client user at a monitoring device 22 (FIG. 1) via the Web
pages in response to client user selections and requests presented via one or more of the
Web pages.

[00099] The map applet 128 and data applet 126 are web-based programs that respond
to selections and requests by an authorized client user. Typically, the tracking information
module 132 typically presents tracking information via a map retrieved from the map

storage area 130, supplemental graphics overlaid on the map by the map applet 128 and

27



el ement data. The tag data is stored in the tag data storage area 116. The
asset data is stored in the asset data storage area 118. The el enent data
i s storedwDn3nus3£l enent data storage area 120. The dat aPgirfisng14a8dcess
122 mnes the tag data, asset data, and/or elenent data based on data
required by the Web server 98 to popul ate one or nore of the Wb pages
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descri bed, the Wb server 98 includes a data applet . .
coloring, flashing, and other suitable attributes of the icon, to symbolize certain conditions
associated with the asset. Of course, many other features that can be incorporated in Web
pages can also be implemented to provide the tracking information.

[000102] A sample map with several types of overlaid icons is provided in FIG. 12.
While FIG. 12, does not include textual information, the XYZ or XY position and time
can also be overlaid on the map at a suitable location. Morever, icons and data for
additional assets can be overlaid on the map for tracking, for example, a fleet of aircraft
or all airborne aircraft. The tracking information module 132 typically permits panning
and zooming of the map display so that the client user can adjust the display to a particular
preference.

[000103] The Web server 98 typically includes one or more Web pages that permit an
authorized user to configure links and link information. The tag link input/edit module
134 works in conjunction with the one or more Web pages to collect the link and link

information and communicate it to the data warehouse 96. The Web server 98 also
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126, a map applet 128, a map storage area 130, a tracking information
nodul e 132, and a tag/asset/elenent link input/edit nodule 134. The

t racki ng wofoenoemss on nodul e 132 includes the set of Wb pagamso3/141es
tracking informati on nodul e 132 presents tracking information to an
authorized client user at a nonitoring device 22 (FIG_1) via the Wb
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a Web page.

[000106] In the embodiment being described, the client communication interface 102
includes a network interface 152, an Internet interface 154, an unsecured area 156, and
a security check 158. The network interface 152 provides a standard interface to a
communication network in the tracking information network. For example, the network
interface 152 may connect to a LAN, wireless LAN, terrestrial telephone network,
satellite system, or any other suitable communication network. The Internet interface 154
provides any type of standard interface to the Internet. Other suitable interfaces to the
tracking information server 14 are also possible. Preferably, the monitoring device 22
accesses the tracking information server via the Internet interface 154.

[000107] The unsecured area 156 does not provide tracking information. This area
requires the client user to perform a login sequence. The login information is provided
to the security check 158 to determine whether or not the client user is authorized to enter

the Web server for monitoring tracking information, to configure the tag profile 104, or
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pages can al so be inplenented to provide the tracking information. [000102]
A sanple map with several types of overlaid icons is provided in FIG 12.
Wi | e FI GvoD2/10488£s not include textual information, the XeZ/usn3/XM8position
and time can also be overlaid on the nmap at a suitable |ocation. I\/brever

I cons and data for additional assets can be overlaid on the map
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t he ai rcra?rbr&{’]ﬁ% ?ckﬁr{&fog%%é y the initial tracker tag and data
provi ded bmoonmmémmmfeﬂeace todJG. 13Tlansmbbdistent oftadegionalerackigg syskem n#0 i on and
reports for the aircraft can_be conprehensive, Simlarly, if a fuel punp
for an ai rlﬁ? lydes @ﬁg‘ir%eﬁé%éﬁsﬂleotrg“‘%rﬁ#ﬁ’é‘ﬂatf%ﬁﬁr&’r{el‘hl%@raé‘f’e(t 16;1the

instal l ed g o '1‘??5 S

conpr ehenS| ve asbrq@{’mgb%s{htg ftgePSI | ﬁltggtgﬁéeﬁﬁugﬁe ’e@gﬁs éa%lg 3I6

updat ed. [d)@é]ﬂ.l%]telbphddameemmkd]mahd bevelhgand&kphbﬁwﬂsmfgetefwdyelmermé 100
and includes_ a tagB reports storage area 144, an asset reports storage area

146, an eltEAfkAt tag dotracking igfosgationgiepisr {4gssei 16, laomrqr@gtqeawgﬂ%,ramliﬁ e 150.

The file tsraf’e'ilﬁé%ns‘ifaﬂ%ﬁz&g% a[s%teédrfﬁwﬁlgév%qﬁ r@8rfie 10 ﬁ?& djor el ement reports
fromthe storage 1 n respon 0 reques for reports tromthe Wb server

98. Typi cqdobg1ilfhis mgonam 1m;ﬂerpemamntdftlseirmktmg)gyswﬁr 170eig pestidedibyanddth e

client user via, .. .
communication network 18 (FIG. 1) and a tracking information network 20 (FIG. 1) that

provide regional coverage (i.e., regional communications). The data communication
network 18 (FIG. 1) is provided by a wireless terrestrial telephone system and a land line
terrestrial telephone network. The preferred wireless terrestrial telephone system is a
cellular telephone system. However, other wireless terrestrial telephone systems that
provide regional coverage may be implemented. The preferred terrestrial telephone
network is the PSTN. However, other types of terrestrial telephone networks may be
implemented. More specifically, the data communication network 18 (FIG. 1) is provided
by the cellular telephone network 172, the cellular telephone/PSTN gateway 174, and the
PSTN 32.

[000112] In the embodiment being described, the tracking information network 20
(FIG. 1) is provided by a terrestrial telephone system and the Internet 36. As shown, the
preferred terrestrial telephone system is a land line telephone system. However, other

terrestrial telephone systems that provide regional coverage may also be implemented in
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a Wb page. [000106] In the enbodi nent being described, the client

comuni cation interface 102 includes a network interface 152, an |nternet
i nt erf acew034/10884 unsecured area 156, and a security che®kTAB83/14lBe
network interface 152 provides a standard interface to a conmunication

network in the tracking infornmation network. For exag}%l e, .t he network
i nt er f ace thegegionsl trasking ystans 1 20, Mure sppgibigally cthe ipekmgdpiogaptiqniletwikethone

net wor Kk, @-ﬁhﬁ%ﬁ@g@éﬁ%@eﬁw% af?& ﬁ)%rln%)i;dert@?.l e communi cati on network.

The Inter provides any pe of standard interface to the

Internet. [@d"lqs? s WiitiaRiferendetiBIHIGC @8, droerhtliméntaxth logali trdolingestysten Ekér ver 14
are al so possi bl e. Preferablz.,tat he npnitoring device 22 accesses the
[

tracki ng indlustenthe dracker tagr 1% the itracking ipformation, sarvera 44, i assehdBLtPy The
unsecured area .l t | Lng i [

Foqui res. PRETOTTEApBES: BE RS LG ohREHdR Ju RIERIORN 178 SRR on
i s provi dgtANALAN heb 580 wiid 4 LASHIESCK The Gatlcer et 1 trackingihforinetiomserveof4t he
client user is authorjized to enter_ the Wb se{ver f or m@gt%i ng tracking
i nf or mat i @sset 16 mewtorgadevien2, eag GBS saiellite aqnatellghion 2dqresgs dosgringd gove

PCT/ US03/ 14%% ceotn&jlguge l'inks and Iink information. The unsecured area
156 may bé® {RBYRES'e nd may contain information describing the tracking
syst em ang6ga114] ac ki 166al S@pémesiation 60 MEABIckifg! dysteml EM0en peotidedByGa db2y  an
exanpl e of a portion of a nonitori rllia device 22 (FIG 1) diéﬁl aﬁ) ?lhows a
street napomeRInicationnetyiosk 18 ddGakkandg trRekiRg ke n ngtopls & E16s k) thah g

arriving in J st,own Y, . ' ' ' 1S shown
by the s utURTEuRe RrpaLe paEps e Hadals 2R gl G
FIG 12 i |1|8L(TFIG.aI)eis peovidd byhhvvireless INONtI78wirélesheird Mrict RANStubt 189, aivkr ei n
the arrows from Chicago to Jamestown, New York .illustrate thﬁ h which
woul d be wwiseking KANsH@wHawevar, psher logal nefyorescudable rivadineus ﬁ-‘% tem

This woul d_al | ow t.h 4G0oN i’ R mbd; f 11 ght
or ground CERE ceattlgg #ersl? ar tebgtq S.ltﬁ?'t slfﬂ’sén%%lgtgplos& %ﬁ% Hétgg)%osz\?i g;gGi: EZ‘F]J map
tracki ng gfroviaédtethafrtire ihODANLIZ2. Wdvever btieelocal rebwdtkCsuithBle famhaadiggli nent
of a regional tracking system 170 includes the tracker tag 12, the

tracki ng idataporemppeatinaaierlsa nossible asset 16, the nonitori ng device 22,
the GPS s it e i : - PS neyts

cel lul ar f[éﬁbefplt?in%g %gg\%@i&%@%ﬁﬁ% H{gg?gﬁ u at?a%tk glttg r}g ggf‘%‘s@ﬁ“gg??mﬁy 174.
The trackeo-wagradid.antl isapliatigely adsociamd ivith as eirereft. Thk traxkerethg febeivesatats or i ng

device 22, and GPS ) .
transmissions from the GPS satellites. A position of the aircraft can be determined from

the GPS data. In addition, the tracker tag has the capacity to send and receive data and/or
commands from a tracking information server 14 (FIG. 1) transmitting and receiving radio
signals at least partially via the Iridium satellite system. The tracker tag is preferably
mounted on a high side of a wing or fuselage of an aircraft. For other modes of
transportation, such as automobiles, trucks, boats and trains, the tracker tag is preferably
mounted on the high side of these vehicles and craft to permit a line of sight to the sky.
The tracker tag receives the GPS data from GPS satellites orbiting at high earth orbit and
determines a position of the tracker tag in XYZ coordinates (X being latitude, Y being
longitude and Z being altitude).

[000116] Additionally, the traéker tag includes a radio transmitter and radio receiver
that can transmit the XYZ location in preprogrammed tasks to communicate the position
of the tracker tag to other orbiting satellites, for example, the Iridium satellite group,

orbiting in low earth orbit. In essence, the tracker tag and the systems to support the
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satellite constellation 24 are as descri bed above in reference to FIG 1.

[ 000111] A regional inplenentation of the tracking system 170 i s provided
by a dat awomoemmsad cati on network 18 (FIG 1) and a tracki RgTIUsD® 14383 i on
network 20 (FIG 1) that provide regional coverage (i.e., regional

comuni cations). The data conmuni cation network 18 (FIG 1|)1 I S vi ded by
a wir el esJUBGIONISegiyequerEPBSHEANE thy groupd frfth EAKIBAYFIPMSCTVER 46%1160 3

t el ephone r emis a
col 0l ar - AR R the BB 6h FEGRE e Sheans uhd fFREE! b SLEPIORE BYBLET

systens t ftadnsmnfeavuoctﬁe b@gnﬂﬁnahtnomsawl&g eysmus h;erepmp lte K Zelbcationein peaf er r ed
terrestrial tel ephone, network is the PST ver of her types of

terrest ri dime. dRensasd pings wilbbacsspandedto Wﬁtli‘rfﬂp Xg@ oftons trohigh fegtre v, t he

dat a CONMMUN (: %W’

t el ephone naga}rhﬁ%pfggﬁev@ﬁ %fg]lgllg{j}%rs g: 1a %@?’%ff:;}%{pemg‘ag ,éHt%E t he
PSTN 32. [i9ff)dohdiantlyrépbg lmaﬁod,ltmﬁhckbetamﬂimqmﬁregkanm sequenke, meport

i nformati on network 20 OEFIG 1) is provided a terrestrial telephone
syst em andhe erasiant loestian ofthe tragkesirgand ﬂ@”ﬁéhe IB?aé‘PéPf@G afrgafle@epndyehide ephone
system i s & atq Aﬂ[ne t el ephone system However, other terrestrial

t el ephone systens that provide regional coverage nmay al so be inplenented in
30 WO 03/ 10e@84] PCThels0diAdgihls dhdata exié trandlated as hid@grchﬂ&iécbpbﬁ? fhat Nor e
specifically, thetrackln |nformat|on network 20 %é{ i s pr V|ded by
the PSTN JZOisH@ pnéemmtémm angbcharts g6an igpn (gpresentativg b%p%rac‘#mra r

enbodi nent__ of A6t 12 t he
t racki ng |tﬁ orP%mrate?o lg’et?lgglj&l%g tﬁ%/%ﬁ: sse(fé Jéﬁl&l!uﬁ n%%gtéé‘%ﬁlg&r ec%?gee 22,
the GPS sadighdfi, igeoundnghielelantilopwatkécraft. Wi rel ess LAN 178, a wirel ess LAN/ LAN
hub 180, and a LAN 182. The tracker tag 12, trackjng information server 14,
asset 16, [ABAHK8dr ﬁ@gryaasm@@zacmem teghniques Wil majpteinghe seusly Fiher e as
descri bed A ti on of
the. tr acki Seotiyuier 55FhEREE ghhgatase o AR Hlord bR Bt RPAEHRREE" |

(FIG 1) a;adreaeltvé atfﬂfadk@r"l nﬁ‘mmbnonﬂgehyvcbykus’iﬂg (Willély alpildbhatand prlehlahlde I ocal
coverage (i , regl onal _conmmuni cati on The _data conmuni cati on network

18 (FI G EFCW@IO@NO&W aHerpRloyadavil RAgers e ?IQARPWQDAWPF’@P@&#IW InfSTARE AN hub
180, and tms 1 orfngﬁ x#'%‘% %g%ﬁew ?r%nsnﬁ{tg'c? r flél QE&iveH%I*ﬂW kqghsﬁé’d rlé\‘@{(%f for

handl i ng wrel ess commu Ion are al so possi e tracking
i nformati ageuritywork 20 (FIG 1) is

[000119] The tracker tag and the supporting systems provide the location of any general
aviation aircraft, ground vehicle, or watercraft, worldwide, as long as the tracker tag has
line of sight to the sky. Ifline of sight to the sky is lost, the "Tracker" data would reflect
the last position that the tracker tag was exposed to line of sight, for example, in front of
the hanger where the aircraft, ground vehicle, or watercraft is stored. The "Tracker" data
reflects any movement and location in real-time of any aircraft, ground vehicle, or
watercraft equipped with the "Tracker" and supporting system.

[000120] Inoneembodiment, itisintended that a tracker tag be placed on every general
aviation aircraft prior to take-off and the unique number of the tracker tag attached to the
aircraft would be included in any flight plan and reporting of any flight condition
associated with the aircraft.

[000121] The tracker tag preferably comprises three main sub-systems that, when

assembled in a system, provide the ability to track the position and performance of an
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provided by the wire line LAN 182. However, other |ocal networks suitable
for handling data comrmunication are al so possible. [000115] In one
enbodi mrerwO®B/104884 i nventi on, the tracker tag 12 (FIG 1) ipotlusdes483
two-way radio and is operatively associated with an aircraft. The tracker

tagrecelvesdta tra ssions from S's | it osition of the
aircraft cHHT ﬁﬁﬁgoorfwaé?ﬁcraﬁ‘?@ %Woﬁii J& |Séf?femg e brokenker tag
has the caggghinto {}Qfgmn nd receive data and/or commands from a tracking
i nformati on server 14 (FlI 1) transmtting and receiving radio signals at

| east partially via the |Podengansetiohkhnd eorwysioemﬂ(ﬂﬁ@ ‘t7) acker tag is
preferably nmounted on a hi gh side Of[}‘i n@gé f an aircraft.
For other nodes of #ransPafagayisition Hm&ES 5‘&48 i rucks, boats and
trains, the tracker gag i r 8 Mt he h| gh si de of these
vehicles and craft to per%?&%jﬁﬁg&% ng@gﬁt afigpt P1e sky. The tracker tag
recei ves t[000EZ} datha tfacken (aR%s maaldzlehougstodfebattachqi diredtliygb thatdphofdthbi t and

determ nes .a positjion of thetracker ta 0 i nates (X being
latitude, #resef ﬁtjelageopsgmt shig @rzvqs%wﬁ% aaaﬂ% é"}‘? tq feqru%edﬁotqnxnm ly,

the tracke thé‘aeétﬂeah'dg%r fheliadical dyERme Hfth&s%h&fé?ofﬁﬂisgoﬁﬁﬁﬁ' e tra&l&‘?t can
transmt the XYZ location in prepfogranmed tasks to comrunicate t
position Maf autrmomomsllyexollecag and potchsses olf athiasdgt pataids tiot the airbaft, gromnpl e, t he

[ ridium sat ite grou rbiting in | ow ear rbit sence,
{racker ¢ QTS OF MRS iR toPetpE Pareoiss. b B Bisinab GRS peasas, 14483
function r?ﬁ‘i@’. ‘6’172 dﬂ} a\E/lé(s Bﬂénafl r@gpmﬁmgg@m éﬁatcﬁ opel{aﬁaﬁ’a{f rf%g rﬁé&éﬁs%‘r’bserver

14 (FIG 1)) e trac tag recelve en trigger a
char act er cdllected Datdie stoterdamshﬁn theathcker thp &rammmgatmxtthmmgh atwerdliMeansyst ens

to report Z Io on in real- ti Repeat ed wi | | responded
to with re%g%&r%%e%‘?i anioaﬁ?nﬁEPtéar}#%&e épreé@%%;g%aﬂ"&egﬂncw eﬂ‘?z or der
of 18 i nchesy;fi éo“nlltdc@%ﬁ tl?&%&&%ynfoﬁ{iatfohﬁer%le&tﬂgﬁﬁm b Bttected$n fedl-
constantly Treport location e tracker tag wll, 1 n pfeprogranmre
sequence, timpdhirbuglt ree aftsestrantemotrwireless intettheest Thesecinterfagescaliowt wids ot he
location ofthe aircraft, ground vehicle or watercraft. [000117] These
radi o si gn@Fd 3 PRPSEIE t r ansl ated as a coordinated point that is
proj ect ed aoi &P TALEMABRS saﬂ@'om@ alﬁenaaaa%s thrd ?9*9 Sﬁﬁﬁtlﬂénﬁﬁ g:fe e ke

particul ar tracker tag. For exanp he tracker I nc a uni que
nunber andfolldent idiffenngf romt the ar!aof dteapa:st, the dracklervimpiis lacdevina/ that \want becr af t .

integrated into a larger system due to its low profile, service life, power supply (solar,
piezoelectric power generation and backup battery), the ability to withstand extreme
conditions of operation (-40°C to a high end of +85°C) and effectiveness at all altitudes.
[000124] The tracker tag is capable of receiving GPS data and responding and/or
reporting location and other data using paging technology through a communication
satellite. These communications will be enabled to display location on a video template,
such as a map or a chart, that can be displayed using a standard personal computer, a
pager device, a video display cell phone or a Web-enabled video PDA computer. It is
presently contemplated that the system would use a Web site dedicated to display the
exact location of the tracker tag anywhere in the world in the XYZ coordinates on a
map/chart (provided the tracker tag has "line of sight" to the sky and communications
(i.e., receiving and transmitting RF) are not impeded).

[000125] The tracking system, advantageously and seamlessly, integrates the GPS

system, Iridium satellite system, ground-based telecommunication systems, and the
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[ 000118] Encryption and data conpression techniques will maintain the

security of the systemwhile at the sane tine giving access to subscri bed
users andworozawshori zed entities to receive "Tracker" i nfPernsns/ons3 Again,
by using widely available and reliable technology, such as enpl oyed with
pagers, cell phones, PDA conputers and the |Inter this irzfo I on can

) t )
be ef f ect i kptarset forgommunieations and grrsny ediatgiofthes e‘iqt?t@ae ptetage (eteradte urity.
[ 000119] T. . . ' SY B« ' I tion of
iy gencr ap el AR R ARIERS o DRo ARG GUA! e the b sl de.
as | ong asofttheart lewakion it fgl tims. TheRestah aBowhtserdsubberiteks/to Have lacemss of  si ght
to the sky is lost, the "Tracker" data would reflect the |ast po%)ition
that the t9*aetlesation i irakting pHRGEPTRHONY Hiedpersongliromppisrs o pla-capablg  ont  of
t he hanger . ' nd vehicle, or watercraft is stored. The
"Tracker" %%f@fe@?ﬁ%@?éﬁ%ﬁ%ﬁ%@%ﬁ%m and location in real-time of any
aircraft, [©oolas] VElphelsa collectiontevhaigads foegibrgipaglosatidnstané répbrtinpkdatd and
supporting system [000120] |In one e_nbo%i ment, it is, intended tli1at a
tracker ta@cwukieéc’@dre@htl@@ed% afefrgpigd DY\ RTERTOgRRMNed: fasking), cap l50ab¢ gk e- of f

and the unjgue.n Ffiﬁ{? Bk sgﬁ«@mt g%? %ﬁfmﬂlé}%ﬂﬁ'hﬁ(ﬁ?ﬁh‘?g ﬁcBrcdxlE foPhdchhhfingwoul d be
I ncl uded in any I ght plan and reporti'ng of any I ght™condi tion

associ at edempitital tire tapredicafutl pundhditibn aivreliabilitk enn bacpliectet enddialyzebnpr i ses
three mai n_sub-systens that,. whe assenbled jn a sy m .prqvi de the

abi ity t ofof seadRing decigiemns. t&%fhfngleaéﬁk% %ﬁ@yn@gf%ﬁa%’% apdeparongesta

PCT/ US03/ 1, ' 0 el WeliBralion t he
wor | d. Theségs][ﬁ'gg éé;ésh%'%r{rlgg ghrr%‘g%lr g’&cehnsg g&ma%f:er%%m)[éﬁegﬂrgnﬁg%r ng: 1. ' St/l\gl}

gener at i onseastd. Thowewei generdfiod FOr&PT)radi@ trabstetver and iogher icompamshtpindbessi ng
49 (FIG 7), and 3. Data. copmmunication ki nk 48 Flgi 7%.@[00 122(! The
tracker t aigeaker tagaravides desigd ingependgngedenibesygicie Xatgd anpther aydge #wackehe

aircraft ftldg ge{rﬁggxgﬁgfeg -ﬁﬂ% %@%ﬁhﬁa’cﬁfn o‘PFérﬁa'irR;]ﬁHtir(r)g\c nly o&PE@)ﬁ}?@Qﬂe@a

e
non-i ntrusi o) ectrical and/or ani ca tens o?t hese
nmodes of tthesughaphssivesensiigdeviccanke nircrafigeraundvehinbessing watdrtmiitas walids

processes all data as it pertains_to the aircraft, grqund vehicle, or
wat er cr af tTepogng the ’@ﬁ@#%‘t‘i’fﬁbe Ascrafiegrapnd Veilcll‘if’l qrwqt?fg@g‘r é‘&?eél%‘r? ki ver 65

(FIG 7) p{ag‘ﬁégﬁﬁra[)e?? b&vgféﬁlanh NP LG ki ool BAthe SXRER, %P(ﬁfnﬁtvieﬁeﬁk or

par anmet ers
watercraft or its operator/crew (i.e., staff). Data associated with the tracking system can

be displayed on various common devices (e.g., typical displays found on pagers, cell
phones, wireless PDA computers) and is accessible over the Internet. A scalable
computer architecture and design permits the system to handle all the data (database
warehousing and distribution) that is being received (encoded, encrypted and compressed)
from multiple tracker tags and create displays individually tailored to users/subscribers on
pagers, cell phones and/or PAD computers via the Internet.

[000127]  While the invention has been described in conjunction with exemplary
embodiments, it is to be appreciated that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, the embodiments of the invention
in the preceding description are intended to be illustrative rather than limiting, of the spirit
and scope of the invention. More specifically, it is intended that the invention embrace
all alternatives, modifications and variations of the exemplary embodiments described

herein.
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collected. Data is stored wthin the tracker tag for interrogation through
several neans. The tracker tag has the provisions to transfer the data at
a prescriwed3redsst enance i nterval by direct contact w t hPCRaSs/a@R3 ng
information server, or the data may be collected in real- tine through one
of several renote wireless interfaces. These interfaces all ow w de or

| ocal are&lMMfectivity. [000123] In summary, some of the salient features
that are t.of .thiis invention areas follows: differing fromthe art of

t he past, i§GlafMedis't ag is a device that can be integrated into a I arger
systemdue to its low profile, service life, power supply (solar,

pi ezoel ectric power generation and backup battery the ability to

wi t hst and lexAnepparatisndP: 2&hfprdfackperamoueble amt:(id) andnprghidngdraskingsC) and
effectiveness at all altitudes.. 0124). The tracker tag is capabl e of
recei vi ng“@?‘%‘gf‘ °gﬂﬁm}‘{é’%%ﬁa‘(l%&g?rd?%?dmg'eporti ng | ocation and other data
usi ng pagi ng t qchaRkPes (12 ed 16 MIBOHREIG abdedve pesiticil ddd fime Hagsfom

Qd
comuni cations wll be .en.a?)I ed to display |location on a video tenplate,
such as a mmijiploglohalqieaitioningsysters aatellites méé)b ph§ elgbalgiositioning sysier sateliter sonal

conputer, a er vi,ce. a.video display .c . ph r . | ed
vi deo PDA 088%%@8? (ﬁi ttlrespos 'roé's[gaﬁat Teyreégnr%ltnér%‘? Aasltle ﬁegfﬁgwgalxogft§%ﬂ%)ul d use
a Veb sit gydadsaatifdrdm whichRbAYvdsieceived akth respeétito @anafoftmﬁht(s?cahethet ag
anywhere in the world in the XYZ coordinates on a  map/chart (provided the

tracker t aigendata repressnidig 8 itigietof day assesiatadywish thecrasition] de, ithmigacker tag

receiving and transmttin are t _ippe - . tr i ng
system a lzgﬂ?eg&Z%aergﬂg’r?g; NS f,asslen eaglrga ﬂeoél f?ﬁ?@%@&%&gbgﬁlﬁﬁ ridium
satel | ite ppyisbfihd iU, RS Geckee RCOMBINAE td Pobittorsirintime did fidnethe33 WO
03/ 104834 PCT/ US03/ 14483 Internet for comrunications and current

" st at e- of -muldpleglobalpasitipaivg system spgallitepfoeselactively travspittmgsombiged Pefifion dual |y

te- of i OB SIStR o systipgoThad PRI dua
ATt | ocht AOROPR BT e bl RCIFRITD. bAB e R RO B EhBpdl

access to yo8¥@fte tSMbh@And Roht@dll mfdriBtists viaothe QiueD bbimuaRE:RE heiwvak,
conputers or any data-capabl e display device through |Internet access.

[000126] Fvhetgin theitteacken tagcis i algstricaliy isolpteds fipay thei apseit anshinoperatiya HAM and
reporting data accunu[I ime (or as required by preprogramred

i t asgocia eﬁt et?n i&n &aks
t aski ng) ~ CAHPEFEBRITFHED 4 T &€ 1t o the system For exanple, vibration
dat a recordi ng,a ttRkinkGafoIALEG Sgver €19 for ahmaid and conprob Af cHe tfddkér tagmp
condition and reliability, can be collected and anal yzed ,
wherein the tracking information server is adapted to selectively transmit command and
control information to the tracker tag via the data communication network, wherein the
tracking information server is adapted to receive combined position and time data from
the tracker tag via the data communication network, wherein the tracking information
server is adapted to selectively receive command and control information from the
monitoring device via a tracking information network (20), wherein the tracking
information server is adapted to selectively process the combined position and time data
based on preprogrammed instructions and command and control information to produce
the tracking information, wherein the tracking information is associated with the asset and

selectively accessible to the monitoring device via the tracking information network.

2. The apparatus as set forth in claim 1, wherein the data communication network
includes a terrestrial telephone network and a data communication satellite system, the

data communication satellite system further including a data communication satellite
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for servicing decisions. Simlarly, the tracking tag can integrate a GPS
and environnental sensing techniques through the use of an accel eroneter
or anot hewotogpesssf vi brati on sensor. The power generati oRCrarSoaRS8s83 r adi o
transcei ver, and other conponents in the tracker tag provides desired

i ndependence for the system Stated another way, the tracker tag can
provi de r eanstdllatien cdnandatat Goasrmuesfication t satellitefsesirestriad niglepberg Eaieivant &

paraneters through a. siyve sensing..device. on j:
Vehi ol co. SPEIHACERA 3 TS i FTRRAISE S PO B e URHRR, o
gr ound Vemlﬁjhgﬁeﬂétw@ﬂter craft because the tracker tag is separately

power ed and not under the control of the aircraft, ground vehicles or
wat ercraft or its operator/crew (i.e., staff). Data associated with the

tracki ng system can __be di ayed. on vari. Vi - L ypi cal
di spl ays ?’om‘ﬂ APRAUBIS S §© tf?gthﬁ/glﬁ%%e@, Y%B?e‘z %@%ﬁ?&*&%ﬁ‘f‘é@?g‘a‘%& is
accessi bl @sexanB2}, bt dafif Rmfifinicafion Saélelspsters AU GumAaRllitE Selety thedath desi gn
permts the systémto handle all the data (database warehousi ng and

di st ri but icomnunication satdblige nonstelletionisan Iridivmosasellitesprnstelistien C8hand hedrias sed)
f |tiple track . di.spl i ndi Vi dual ' t
user s/ subchmmalcaic e R n etk Bh et Pl g bRt SR S T QST ©

| nternet. 4000127] Wiile the invention has been described in conjunction
wi th exenplary enbodinents, it is to be appreciated that many
alternatives, nodifications and variations wll| be apparent to those

killed in t t. dj th i . ' t inth
or eced: ng aobks ApRaTaRSas et R EIRRIHTAS Brabtinh MEotfiER Adons 1 110
of the spifdiides adid IneaRe @6)tdhd hndtdoptmuriations prellife cgdidny, thd dat

intended that the invention enbrace all alternatives, nodificatigns and
vari at i onsommunivetie esatsllite ysysteno firtkert nchiding: phdefa epmppicaton wetelity 104834

PCT/ US03/ 144 .CLAI What i s .cl.al ned:L Sy .10, for
tracki ng éoﬂﬁ%é%%a%{/%s‘&ta f‘l’gﬁnuﬁlﬁ%}loﬁrs%tg]illgeﬁr?éérp?t?gke%ﬁdgﬁ ?gr?@lrnglr%a?llogﬁﬁ 0 a
noni t or i NGy O@th E6mindRicatidlskdlete ROnstellatibrdGhcthe iatered. 2) adapted to
sel ectively receive position and tine data from nultiple gl obal

positioning systemsatellites (240) of a gl obal positioning system

satellite nstel |l ation (24). 1he posif. . ] jtion of
each gl obal C[g’ﬁgp?arrﬁtr‘ilﬁ AySet gﬁlg%ag%?’eﬁﬁrélg%r%%{ %nrﬁglgﬁ&ga;@gtsatg%teras CEIﬁ{VEd with
respect t gs HEMIRIM Stelli@lsi§tefndthy daddoinhinication satellite constellation is an Iridium

satellite constellation (28), and the data communication satellite/Internet gateway is an

Iridium satellite/Internet gateway (36).

6. The apparatus as set forth in claim 1, the tracker tag including:

aglobal positioning systemreceiver (65) adapted to selectively receive the position
and time data;

an environmental sensor (66) for sensing vibration;

a data buffer (76) for selectively storing the combined position and time data and
detected event data; and

a controller (68) in communication with the global positioning system receiver,
environmental sensor, and data buffer, wherein the controller compares vibration
measurements from the environmental sensor with predetermined thresholds to detect at
least one of a group of events, the group of events including: i) startup of a power plant

associated with the asset, i) shutdown of the power plant, iii) start of movement of the
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time data representing a tinme of day associated with the position data, the
tracker tag disposed along an exterior of the novable asset at a |ocation
facilitatwog3nesepti on of the position and tinme data, thecrrnsokens: ag

conbining the position and tine data fromthe nultiple global positioning

systemsatellites for selectively transmtting conbined position_..and tine
data vi a @sghtiy) E8y#HON OEBOVYRehE Wsraﬁse(a%f@emé? @Pwa$ﬁ%a$93§?&$@ﬂ ALl i s
adapted to recei : i: t !

communi catsh g Y HONER BedBie iR dbfdralich Of T 438, W e Fioller e
from the asis@ivelorenlieRbaibingd pbsition anddinedaendndakesmtidavent datatihthelvatasset ;
and a tracking information server (14) for command and control of the
tracker t&ygffer.wherein the tracking information server is adapted to
selectively transmt command and control information to the tracker tag
via the data communi cation network, wherein the tracking information
server i s 7adpips gspatfug et fethciartind wherirt ihe eneinchmentat setmorintiudes art he
tracker tag via the data comuni cati on network, wherein the tracking

i nf or mat | @Acelerergter. i s adapted to sel ectively receive command and control
information fromthe nonitoring device via a tracking information network
(20), wherein the tracking information server is adapted to selectively
process tlge paetusnsiet foah iacddint 6, mehateinahe glaba gositioning pystam sevaiver
instructions and conmand and contral infqormatiao go. roduce, the 't%fngi ng
i nf or mat i GegingRspiFing theositiondrd fige datpap coRroller hesibt SoRNEIPGRAOIRTE ascet
and sel ective ssl I | I I bhg

"t or mat | GG g ERSRRAR O AT RRNL A AUERA BRI P ATRMIRELED
dat a commypé grlup@f ev@ityereldetected) udes a terrestrial tel ephone network and a
data communi cation satellite system the data conmunication satellite
system further including a data communi cation satellite 35 WO 03/104834
PCT/ US03/ ell.af +.0n - i QA ' : i

satel |i te/jgﬁl gﬁ?eeaspﬁ) rgﬁg'}s Jt%?%%ﬁ@ ﬁ@aggﬁé’%&?‘ﬁ co%ﬁfag 2? %13?1“\7\? s{rﬁttltnﬁéh%at a
comuni catdogibiredtpRisitioh@and otiaé dath and dre datebtechevent date stheh at leastedrepifahe
network. 3. The apparatus as,set forth in claim2, wherein the terrestrial
t el ephone ghaumel gents age dT“Squil-(SZ) , the data conmmunication satellite system
is an Iridiumsatellite system the data communication satellite
constellation is an Iridiumsatellite constellation (28), and the data
communi catiooMiradpphtatisedstse forth firr élaim 1,ehephckee tagaineludipgi s anl ri di um

satellite/ PSTN gat ewa 30) . . . oo
ag global pg siticgning) systemreceiver (65) adapted to selectively receive the position

and time data;

a data buffer (76) for selectively storing the combined position and time data and
detected event data; and

a controller (68) in communication with the global positioning system receiver and
data buffer, wherein the controller combines the position and time data received by the
global positioning system receiver in a trilateration fashion to produce XYZ and time data
when the position and time data was received from at least four global positioning
satellites, the XYZ data representing a latitude, a longitude, and an altitude, respectively,
and the time data representing a time of day associated with the XYZ data, the combined

position and time data including the XYZ and time data.

11. The apparatus as set forth in claim 10, wherein the resolution of the XYZ data is

about 18 inches in latitude, about 18 inches in longitude, and about 18 inches in altitude.
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4. The apparatus as set forth in claim1, wherein the tracking information
network includes an Internet (36) and a data conmunication satellite
system tWe odaoa34 communi cation satellite system further iPoglusdi/ngsa dat a
conmmuni cation satellite constellation and a data communi cation
satellite/lnternet gateway_ in, cqonmmunication with _the data c i cation
sat el | i t e 180mbe apnagatho?s sghfarth feclaim 0 wherenghe WOQBTFF:&’PLP@E@%&Z{&?&O” hin
cl ai m 4, er e ;PE reaiial [ libdst EneSHSt bfevtihtd §hedi UM
satel |i te‘f‘@yget%g% (elggzig&golmmr%@g{asttggﬁt%g{aiﬁelﬁsffgne congs\r@é?l a?i on'is an

I ridium ?*?&ﬁi bf &venfzoinsitdihg:a) asset {s28)proximitytdfer @atriated cmen, i) @sset tnin a
satellite/lnternet gateway is an, ]ri g%ijlm satel litellnternet gg%ﬁwa (36).
6. The appestaeted ares, wiassplgs fhpro¥imity ofp hazardousiaress P asseh s P AdY %;_V a

gl obal posi tioping . r [ t ginSRER L bebYrst 8RB ve the
position agﬁ?dgﬁsﬁgt lgéf%%Rgéﬁvﬁ%sﬁﬁgg%tafﬁ%ghggp ’ ?ifls)ag for senslirsn’g B

vi br at i on;asset thatearifgh high s{réés)cohditiongilkp adsetvie eypesiencingig highetressmoindigidnposi t i on
and tine data and detected event datﬁ; .and a, control | er. rg68 in .

communi catX) @asehily PXREFIENGNS BEesshrssiops Shaltigrde, XD &t &t SFRFEFICING FRAFYYfrent al
sensor, an (g i 1&Sw Hoaadddonii

nmeasur ene csrgq%%%lmap i}%d%éﬁg:gg%gﬁeeﬁpéaﬁgegggéﬁﬁkﬁﬁ S%?g% erm ned thr elsl)hol ds to

detect at asefasdxcedstingd spredradtiztioh. events, the group of events including:
i) startup of a power plant associated with the asset, ii) shutdown of the
power plant, iii) start of novenent of the 36 WD 03/104834 PCT/ US03/ 14483

asset, 1V);sC %%g%{)f}]ag&u%s Jép%?ﬁfi‘maaﬁlé 13 WhePipfile olobhl fOSIBRMb ¥Rt FdcBREE | N

accel eration o asset, and Vi) éxcessive-decrease in accele[atlon of
the asset beplereeRirgthe goitionahd ime datalaad thewehtrolixr begiss storngtberbomiadedosi ti on

and tinme data and detected event data in the data  buffer. 7. The apparatus
as set forposition agd 4img dota apddhedaieaterbeveRiAatd "héaé? bgtgeﬁéﬁ}eniahlggﬁggg Ogn

accel eronqﬁgrmug.of'gbgmg%%%@& g as set forth in claim®6, wherein the global
posi ti oni ng %ys emrecelver egins receiving the position and tine data

and the controller begins storing the conbined position and tine data and

E)P © e\c/l ZL? g ! ]gl(r,:I ET% ggé@'g@!é 2s sle? fgﬂrflem gl%lln? 1£ l\Jxl;hfe?erin %%rgc@r te{g aeglins ?rgr?sn?litingttﬂg group

combined position and time data and the detected event data from the data buffer when

at least one of the group of events are detected.

15. The apparatus as set forth in claim 10, wherein the global positioning system receiver
begins receiving the position and time data and the controller begins storing the combined
position and time data and the detected event data in the data buffer when a command to

begin receiving is received via the data communication network.

16. The apparatus as set forth in claim 10, wherein the tracker tag begins transmitting the
combined position and time data and the detected event data from the data buffer when

a command to begin transmitting is received via the data communication network.
17. The apparatus as set forth in claim 1, the tracker tag including:

a data communication link (48) adapted to transmit data via the data

communication network and adapted to receive data via the data communication network;
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9. The apparatus as set forth in claim®6, wherein the tracker tag begins
transmtting the conbined position and tinme data and the detected event
dat a wherwato3liemst one of the group of events are detect @dT/US03/14HB%
apparatus as set forth in claiml1, the tracker tag including: a gl obal

ositioning systemrecei 65). adapted.to sel ecti ecelvethe
oSt i on | and ¢F Adeoie: 78] (5 SBR LRrorebis Rsttogand Dmedals, SKPTIGE  he
combi ned pREhifRRoRiMa ldniB Heddertitibd HEpRFILD event data; and a controller

(68) in communication wth the global positioning systemreceiver and data
buffer, whereina cMrodien(bB)JhlcemnumIdatlutemthﬁmciatasqotmmnucandnhnkmddhe dataecei ved

by the glo osi.ti.onin stemr ceiver .in a.trji t ration f.ashion to

oY oduce iV Rersin tiERoRTo It SHREHR B LR ouR in 4 bire tekion e Raer v e
fromat | .eﬁgﬁouﬁ‘a!f'fhe%b%ﬁiled POsiHibah A1 tife da?@%@z{cl:ﬁmﬁlﬁte Jah% AR} Based on
representing a latitude, a longitude, and an altitude, respectively, and
the tinme diegpredsserasmadt faggprafitei sl ocbmnialydsasaselwchtvmdthm ddta tdoem(yitcatian a, t he
conbi ned osition and tine ta in i the X Ind. ti dat 11. The
obar arus Sewot Sthsfitheroprgiriadyiden it Eftker e NGB Rtoh ibds7 dat a
is about g&diiGhabukd | atitude, about 18 inches in |ongi tude and about 18

inches in altitude. 37 WO 03/104834 PCT/ US03/ 14483 12. The apparat us as
set forth in claim 10, wherein the controller corrpares t he XYZ data

pr edet er m ped Z coar di nat det ect ast one oup of
vents. ¢ hiE. dPApoaTus bt dorth 1 Hirh 7. Were 4Bk oondrair pitbseny ity HeE o
restrict e%é%%& trdrfsx)msﬁ%ﬁ Blirsts3o hinghin & Githiblipriv e nét'(&%?k cdrinkdtich®VeE a publit N
proximty of a hazardous area, iv) asset i's in a hazardous area, v) asset
is at a wadatpodmmunigatjonaystem wmath%dad;beeammmncamnn networkasset is off course,
viii) asset is nearing a high stress condition, ix) asset is experiencing
a high stress condition, x) asset is experiencing excessive |oss of
altitude, g )Tlﬁ‘ﬁaﬁ 5ra!u§ 2 E3R BIriBR Clalg 1 € XARPGH M8 ulblfb‘“daﬁaac%%rhﬁ}u@ahbhkﬁ‘é&n xii)
asset is experiencing unexpected stoppage/slow down, and xiil) asset is
exceedi ng ia thpkildim saellifecystom. 13. The apparatus as set forth in claim 12,
wherein the global positioning systemreceiver begins receiving the
position and tinme data and the controller begins storing the conbi ned

posi tion apgl ThaBpHadds a0cktiheh detisiet ¢F WhE&h tﬁ@&ﬁatfdilext béntfAd teltithiber when

at | east one of e group of events ar’e det ect ed
between transmission bursts so that the apparatus can prov1de real-time tracking

information.

21. The apparatus as set forth in claim 17, wherein the controller controls the timing
between transmission bursts to minimize transmission time over the data communication

network.,

22. The apparatus as set forth in claim 17, wherein the controller delays a transmission

burst until a begin transmitting command is received via the data communication network.

23. The apparatus as set forth in claim 17, wherein the controller maintains the combined
position and time data in the data buffer associated with each transmission burst until an
acknowledgment of receipt of the transmission burst is received via the data

communication network.
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14. The apparatus as set forth in claim 12, wherein the tracker tag begins
transmtting the conbined position and tinme data and the detected event
dat a fromvODhe/1d@se buffer when at |east one of the groupPofl/tSeEnt483 ar e
detected. 15. The apparatus as set forth in claim10, wherein the gl obal

ositioning, systemreceiver e S receivin osition and finme data
gnd t he cogf’ %F [?gbﬁﬁssegf%'& ﬂﬁﬂ’fnﬁé &‘Sﬁ’@F]ﬂgﬂml} HOPSHVEREBCANE: dat a and
the detected eV@EﬁmﬂﬁﬂJ@atld?l 1&&&943%& t@dﬂo&é‘éa%hﬁébcﬁnﬂimmﬁmhqnd Ba0ifa

receiving is received via the ata comuni cati on networ k The appar at us
as set f or aidtranswit epmmand anmenarohnﬁonaattqna?diceemthagomaglmatwnlmksmdapﬁedg t he

nbi ned ti t he d ted event data fromthe data
U Fer - whelp TeERIE A SO BT A HE {1 G O PR ERAB U ho dat a
comuni cati on ngtqapy '6vare11¥>usér les aﬁpéérﬁxhuﬁc@cﬁnsﬁzhhftﬁété&rﬂn‘?arﬁ&aﬁgﬁ‘ ik fope

tracker tag including: a data comunication Ilink (48) adapted to transmt
dat a vi a t pmcekaing thecombinedpasitom andttingr dataintb asdetpdataibased peadirstaradking vi a

the data c ni cat i on etvvo 8 .WD.03/ 104834 PCT/ US03/ 14483 a data
buf f er (76;%%“’%?“&:" %éa%{gﬁﬁifféﬂolb@?f“i‘ C4¥Lt i ne data, a tracker tag
i dentification gaygy s@ﬂ}ér o8y %P&Hcﬁﬁ@an%i 6ia§NéEr Bﬁgéseforadlﬁ%%ﬁ%'t} ?lEm§68) in

comuni cation wth the data ‘communication link and the datd

wher ei n t hinfarontion IWhereio tiret Web sentert ia in camsmisaionngith thealabaiwstehbaselandn by
waiting for r of ned position and tine data to accunul ate
5t he S RomTaefia B @og s S Hab Brdea BtBabnen e gt 05 PN
recei ved via t hgidat GonaRiitdton itbi®ite ngt)mohmﬁm&h%h %Mﬁe Webbdioeranl

i ncludes the tracker tag identificat | on“data in each data transni ssion
burst. 18. adaptedatepagleativslyaproyisie thermhnitaring| dévinel Withwineessi to tlive tmoking ol | er
controls th& ti{ri r]% bet ween transm ssion bursts to maintain a virtual
private ne 15 1ih gct ion over a public data comunication systemw thin
the data communj gatdrdEomRANP0S) lnlc%mahﬁcaaawtﬁttwcm&ﬁ&aﬁoﬁm th@?ﬁha' m 18,
wherein the publi'c data comunication system is the Iridiumsatellite
system 20Waf5heusa;i}hal\ﬁehmrm agtthé dtemhcomnumeatmnim;erfwtaeMImut ﬂhe sxmemr ol | er
controls thet1 r%‘ic’) bet ntr nsm ss %ﬁ ﬂsf_%)issothat t us can
provi de re%ﬁnt'io e ﬁeéékﬂf\é% rtﬁﬁtpf Bo5EHey mP rth in
claim 17, ph@idci dhditige Q%tlhfy ﬂr@dklr%oﬂfcfr&hﬁoﬂ [8ng ¥ P@determined tag proﬁle,

wherein the system controller is adapted to command the tracker tag and provide the

tracker tag with control information using the predetermined tag profile.

25. The apparatus as set forth in claim 24, wherein the data warehouse processes the
combined position and time data received from the tracker tag in a trilateration fashion to
produce XYZ and time data when position and time data was received from at least four
global positioning satellites, the XYZ data representing a latitude, a longitude, and an
altitude, respectively, and the time data representing a time of day associated with the

XYZ data.

26. The apparatus as set forth in claim 25, wherein the data warehouse compares the
XYZ data to predetermined XYZ coordinate limits to detect at least one of a group of
events, the group of events including: i) asset is in proximity of a restricted area, ii) asset
is in a restricted area, iii) asset is in proximity of a hazardous area, iv) asset is in a

hazardous area, v) asset is at a way point, vi) asset is at a destination, vii) asset is off
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bet ween transm ssion bursts to mnimze transm ssion tinme over the data
communi cation network. 22. The apparatus as set forth in claim17, wherein
t he cont rwblognosdal ays a transm ssion burst until a begi nPCTArsed 14483 ng
command is received via the data communi cati on network. 23. The apparat us
as set forth in ¢claim17, wherein the contraoll er naintains the cqnbined
posi ti on SPYTSe; i) #58etds neripg & highystress cop F‘O’és}’%)cf’éﬁeéf%?i‘pﬂ‘?}?"@a?gﬁg}f g’éeﬁ%m ssi on
burst unti : : i r LSSl is
recei ved vioaiign ELRGH € SARRhall oAl lost b WG F TR AT S iaihe

PCT/ US03/ 1eké&3ive Mtreabm afimnde, fi)isssetss speriérpinghunexpecteali stoppage/slewtdoawnki ng
information server including: a conmunication link (94) adapted to receive
t he combi g XFDASset S PXeReAIRg #ePegATestNcliR® t ransmit conmand and contr ol

i nformati on wherein the communication |link is adapted to receive tracker
tag identification data via the data communication network; a data

war ehouse X7 6Thd apparannsasi setfoirihrin wiatnn 25 hwehereimtbe datatwaoehousarofleges apsebcessi ng

t he conbi ned positiqgn.and tj data, i nt.o asset . data based ,on a .first
tracki ng 4@%%%@?9\%@}{1&&@ #&}cl@@ t’c’%f‘gdf‘t&eW{%ﬁftf‘Eaﬂs%nu% theafiackend®&sset : a

Véb ser Verirc%&%%)ﬁat‘?&f’dgtg h@g% R Qlraekind bl RRAPGSIes Phe sbsiRiagy | N9 tracki ng

informatio ereint b server©is In comrunication with the data

war ehouse and popul ates at | east one selected Wb pages with asset data
m ned fromthe data warehouse; a client communi cation interface 2) in
communi cat$onThe tppafaies Hetst S‘E?h/%‘r&%i’ﬁ‘dz ’é{é’egbet"ég‘et «tgg’iaéeé‘f)f’%ﬁ’r?cﬁf%égﬁe t he
moni torin ' ' ﬁfe}?&e@rﬁﬁ]ﬁ' dtdAsiiR Yo ptdHes AabdsPBne AR réboly St €m
controll e%sgg%&%ﬁ%%{%ﬁl C tleonevvl th the corr?‘rgni cation SI i nk, thééb dat a

war ehouse, the Web server, and the client communication interface, wherein

the system controller stores predeterm.ned tag profil.e and cpntrols
processi ng?bf TR APeaRBIsHsHset [f%‘%a]i‘ i Blﬁm?iﬁ& Y}\eﬁéa%gfmh?’? ﬁW?rnﬁ“r%her
i nformatiog ysi,p9 the predetermned tag profile, wherein the system

controller 1s agapt ed to command the tracker tag and provide the tracker
tag wth cont r odfileséroend00)in commugicitive withetie tieta wandwuseandshoWieb eerves.  The

apparatus as set forth in claim 24, wherein the t rehouse .pr ogesses
the conbi Weereidhs S%Wa usq W%tqsél&ee?%‘gdemrg%??]?%ﬁff%?{@d?}éegﬁ% a
trilateration. .k ggtﬂ@aﬁ@ast%@‘iy&freég% and tine data when position and tine
data was received fromat |east folr ~

wherein at least one Web page includes at least one hypertext link to the at least

one asset report.

30. The apparatus as set forth in claim 28, wherein the types of asset reports include at
least one of a group of reports, the group of reports including: i) asset log, ii) operation
log, iii) operator log, iv) location and time in restricted area, v) location and time in
hazardous area, vi) location and time off course, v) location and time in high stress

condition, and vi) location and time of unexpected stoppage.

31. The apparatus as set forth in claim 25, wherein the data warehouse produces element
data by associating the XYZ and time data with an element of the asset using the tracker
tag identification data and the first and second tracking links and stores the element data,
wherein the second tracking link identifies a relationship between the asset and the

element.
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gl obal positioning satellites, the XYZ data representing a latitude, a
| ongi tude, and an altitude, respectively, and the tinme data representing a
time of dwpoagessd ated with the XYZ data. 26. The appar atra3/tses3/sa@s3 forth
in claim25, wherein the data warehouse conpares the XYZ data to
predeterm ned XYZ coordinate limts to detect at |east one of a group of
events, th& gFbrgrreratesastesionthdn daimdt, wheris therelanaent if 35y oRe /f # grovp of
restricted e

8& tHe gr%\gi&eélem&ﬁs in@l)ufhng i{l P&Iaf'oq A méﬂntk a%?éng%rs agl asset

proximty o a haz S area, 1V hazar dous™ ar e

s at a waywp@i dargdiifenaf @peratiord equistaait item] httha syppojt eqaiiﬁtent geff 40 WO
03/ 104834 PCT/ US03/ 14483 course, viii ) asset is nearing a high stress
condition, ix) asset is experiencing a high stress condition, x) asset is
exper i enci 3 BRES gﬁfa\[lfé a:sgectsfo mac aﬂ&?ll'dsghe%lh)theaaﬁe%s A SRSk H%Céléhg nt
excessive increase in altit experi enci ng unexp

st oppage/ sisafuelpuwmp. and Xi i |) asset is exceeding a speed restrl ctl on 27.
The apparatus as set forth in claim25, wherein the data warehouse produces
asset data by associating the XYZ and tine data with the asset using t he
tracker ta I.E [ t ' res the
asset dat a94 Zggee%ggé%gégrsg Sg[ﬁtzlilgc@gltdmf gr%te %ﬁrl{%gy %bf‘%ﬁzeﬁ; gsald é%el n enQdat a
war ehouse packigsmesniation t@as alitholdded cliegtousdt 0ig th@deq)ageedet terrespmd tbag
profile to produce at | east one asset report. The apparatus as set
forth in crlignhises selediions ppd rqanests Hﬁiﬁn@tqsﬁﬁ?l%%dr\y@ theWehereesi ncl udi ng: a
file server (100) in conmunication with the data warehouse and the Wb
server, wherein the data warehouse conmuni cates the asset reports to the
file servess.anke ztﬂpﬁrafttidﬁ setSforth &1 clsim@de svheieinh tht trhekasd infuimatGsResaneqadnt ;

wherein at | east one Wb page includes at |east ogne hypertext link to the
at |east WeeVekpegesingledes agap qqhéyla%am@%n%&?%@ d%a%amm Hith the 28

wher el n ¢ sk BESA{ 1833GholiEBRER dflitlflcdhp | S35t one of a group of

reports, e group orts iInc set log, ii) operation |og,
i) operator | og, ivV) Iocation and tine in restricted area, v) Iocation
and tinme in hazardous area, vi,) Jocation and tine off course, _ v) location
and time i %6 th‘haRRaF*’é%%aS b Ruthtin Glaim dnawierein thiswitable mARdS & PRROIH SioHBX pect ed
st oppage. h ta

oo eSS pr nap Cglgaggﬁg{ 8f¢l§ps%§c1§£ﬁg Qb thip, Gh HiRiEPmay K S mbN G A

map, and a three-dimensional environment.

37. The apparatus as set forth in claim 35, wherein the XYZ data is mined from the asset
data in a sequential fashion and the graphical symbol is repeatedly overlaid to show

movement of the asset in reference to the map.

38. The apparatus as set forth in claim 35, wherein the XYZ data is mined from the asset
data in response to selections and requests presented via the Web pages by a client user

monitoring the tracking information.
39. The apparatus as set forth in claim 24, wherein the tracking information server is

adapted to communicate with a client user associated with the asset via the tracking

information network to configure the first tracking link.
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data by associating the XYZ and tine data with an el ement of the asset

using the tracker tag identification data and the first and second

tracki ng wonkgosmad stores the el enent data, wherein the ®erarsd3/i«8xki ng

link identifies a relationship between the asset and the elenment. 41 WO
1

R e
el ement's i MK iHfdrMBtiord WheRe tb Backife BilEMFTRAIG inclddfas RERAME of @Broup\rer, a

cargo item an operational equipnent item and a support equipnent item
33. The apifarmatien typesdhe group lof informagiomtypes inghusting: i) askes identiBeation data,

aircraft and_the el nt ..s_a fuel punp. 34. The appayatus as set forth in
cl i m 24, el (CRERRn, i0pPel SPera i infpacly BRI Shied g ance
i nf or mat i ojpfdrafién. aut hori zed client user via the Wb pages and to respond

to client user selections and requests presented associated with the Wb
pages. 35.4Irrheapparpts asseqforiban claioy k, whereincthe preprogramned istnuctioss inchidki ng

informatio resented in he pages - ncl.udes a.graphi.cal symhol

Fepr esent | by ASHhEek Brosle o M R RRE PR ARBR B A BB S snritiete 1 o
overl ai d oRith aStliehf b d¥BfiatcibwithtBe aRREKAL e tAckERlinfoRmblion Reteok b 35,
wherein the suitable map is a one of a group of maps, the group of maps

i ncl udi ng: canfiguredles pradgiernminediag profileacopaging to predeasermingd tragking rdquirements and a
t hr ee-di rrefn§i onal .environnent. 37. The apparatus as set forth in claim 35,
wherein the Wsﬁeéta is mned fromthe asset data in a sequential fashion
and the graphical synbol is repeatedly overlaid to show novenent of the
asset in reference to the map, 38. The apparatus as set forth in claim 35,
wher ei n t 2. XX apparatus as sef feetd irfqlaim L, whergtngbe pregeagsammed igstpantioss inolude

[ d . vi he .\\eb by. | i
o ¢ or | nge RAGe PFAHET g RIS FAkEn gl Ao B uBRAS B s SOt

claim 24, wheerpropraimet idestiths o ftRrtrmkéang sRltkedath SomMdaiRitRsh debwork,
comuni cate with a client user associated with the asset via the tracking

i nf or mat i owhefeinls tracker tesiFadaptedtangeeive the prepregrammgd instructions viaghodta 04834
PCT/ US03/ 14483 .4Q. paratus as set forth in claim24, wherein the
first trac%l"ﬁ unrl?anllgni-g%{a‘y(%g'es tracki ng

(@)=

43. The apparatus as set forth in claim 42, wherein the predetermined tag profile includes
at least one of a group of control information items associated with the asset, the group
of control information items including: i) tracking information to be monitored and
frequency, ii) vibration thresholds associated with startup and shutdown, iii) vibration
thresholds associated with normal movement, iv) restricted areas, v) hazardous areas, vi)
planned course, vii) high stress conditions, viii) fuel and fuel consumption information,

and ix) reports to be processed and report frequency.
44. The apparatus as set forth in claim 1, wherein the movable asset is one of a group
including a truck, a van, an automobile, a cargo container, a trailer, a bus, a train, a

locomotive, a rail car, an aircraft, and a watercraft.

45. The apparatus as set forth in claim 1, wherein the tracker tag is disposed and oriented

with line of sight access to the sky during normal movement of the asset.
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link information, wherein the tracking link information includes at |east
one of a group of information types, the group of information types

i ncl udi ngwoiop/1ee83et i dentification data, i) asset certi PCTAISOON483 i1 )
asset operational information, and iv) asset nmaintenance information. 41.

Th t forth.in claimil in th d
Thet ronti o TR aRfrat i et B ity WRSTS e PBCRGRY st AEEARSIAl to
i nfor mat i 0fpEFSIOYE brovs aAd pikaifketsOrIRETIBIA ding nowhdl h:ll(cﬁ/tegﬂehte&tthy 8&kt associ at ed

with the asset via the tracking information networ configure the
predeterm ned tag profile according to predeterm ned tracking requirenents

for the asset.,42. The a us as set, farth in.claiml, wherein the
pr epr ogr a_rﬁirzd?[‘b‘ﬁ@l? ¥ ??r%gta{oﬁilllﬁ_ m 2 ‘ﬁ]?eéa‘gttgerW%ﬁta_gélﬁe%??ﬁrm‘ﬂfeq\%%r ein
the tracki G}Sbrhtﬁf- fHiérobdtion defhyY Rbrmad oﬁ&ﬁﬁ&@gfﬁe afaﬁa%tﬁé!‘ t the preprogramed

instructions to the tracker Tag via the data conmuni cati on network,
wherein the tracker tag is adapted to receive the preprogramed

instructio ja the data , co nji cati on ne rk. 43. The apparatus as set
Forth in cFei MhSaPPscats a5 nt BRE 1B Faol PR HEL B nHaREl o i ol udes at | east
one of a group RffafmOsHimihnidaoR AR USY addpeiBtASHREVAY Qfhninittht REnBAREL . the
group of control information itens including: i) tifacking information to
be noni t or peitionchndftinegdataicy, i) vibration thresholds associated with
startup and shutdown, i.i.i.) vibration thres d oci.ated with nornal
movenent, iv) r%g?tlaiag‘_@'ﬂﬂﬁ%ﬂ @éiser_o_ejsmﬁ%?’a? B%ﬁ%ﬁ‘%ﬁ%ﬁ@F?le"tﬁ'lelé(ﬁﬁ‘é‘?ﬂvec rse,
vii) high sicitRms afd Bickel dARNSwhileln thef 88h RQHisitidR! and OFrOBERIOMotME TGS AL 1 ON,
and ix) reports to be processed and report frequency. 44. "The apparatus as
set forth ¢ommwhairation withithe ddtamcehmuniostids limk aensettings shaprositioh and timewpta to

i ncl udin t ruck van, .an autonobile, .a car contai.ner, a trailer, a
bue. 5 10 formHE ComBatEPosyih A fasa rana JeRERAR; GRIMENAReL e colPined 1 %45,
The appar agdisichSandimd @id 1 the detadoMmbnicth6h BA ahdle tracker tag is di sposed
and oriented wth line of sight access to the sky during normal novenent
of the asset. 43 pomeDS3purce}83sh coEEsys0d0duled37) mcconTinenicaiivarwithu sheadats et
forth in claimil, wherein  the tracker.tag i not accessi.bl.e to..operators,
crew and pRuBifieatBR e hE el SR e albRenBRcRRRe P dfudgRear °h
The appar adistsibase pp@ler fo bbdtatich stitRckeriag, WheF i the pORerl pravii&d intiadesdR®fer NOt

require local operator 1ntervention during normal operation of 'the
appar at us. from a power source (50) and a backup battery (52).

49. The apparatus as set forth in claim 48, wherein the power source includes at least one
of a group of power sources, the group of power sources including: a piezoelectric power

generator, a solar collector panel (86), and a primary battery.

50. A tracking system (170, 176), including:

a monitoring device (22) for displaying tracking information associated with a
movable asset (16);

atracking information network (20) in communication with the monitoring device
for communicating the tracking information to the monitoring device;

a data communication network (18);

a tracker tag (12) adapted to selectively receive position and time data from
multiple global positioning system satellites (240) of a global positioning system satellite

constellation (24), the position data representing a position of each global positioning

44



48. The apparatus as set forth in claim11, the tracker tag including: a
data communi cation link (48) adapted to selectively transmt the conbi ned
posi ti on wWOWM3t04%84 dat a; a data acqui sition and processi ngPeDASOE1444D)
adapted to selectively receive the position and tine data, wherein the

data acquisition and_processing nodule is.in comrunication wth the data
Communi G at PSP THAIE SOV FEG SiRaE GEFNP NI FRIPE fpouutr oL Ean DAY e
conbi ned pﬂ&btda%eg&get{ﬁ'n @k 3 dANEs5GhRE WithtthY pbABA Qha RS rdcREr ﬁgﬂb' ned
position and tinme data to the data communication |1 nk; and a power Source
and conver disposedalbu en exéjior of tho momable assetoat alodation Feeildisting recepiion of that i on

i nk and the . data acrgui siti.on and processi.ng nodule to provide_and

di stri but ePPBURI 20dgime dafpatheoiracker fagcgembining the josition and fime daka fropt 6i ded

i ncl udes p : r : : : Y. -49. The
appar at us gl\se{ﬁ{ (la%él(?%ﬁ‘ﬂml n Sg?trgnmé?%‘,glh\ﬁl\ﬁg%resi@%&t“%l pomgg tl@%ﬁé@@?“r@% )tﬁlggs at

| east one amf timeglatauyia die gataeonsmunication nttwerkyrwhereinfthe orackersag reasves

i ncluding: a piezoelectrjc power genperator, a solar collector panel (86),
and a pri rra?rpm_s%ff %@r%?mrsbnfmrl%wgﬁ Qs pemmpriogionnesyork Al udi ng: a
moni tori ng devi ¢ gatiacy intimalioR LAY} gq%tﬂsr%md'aah%ﬁa%ﬂ Hth@ea0edrafed W th
a novabl e asset 816), a tracking 1nformation network (20) 1n co I cation

wi t h t he nwherteor thegirabinrge mforfmation Gerweniselattively trimesntitsamnimand add comitalon t o
the nonitori.ng device; a data co nji cation.network (18).: a tracker tag
(12) "adapt BIPTHBUGHI<EE Haete) Hebe Ty AT HRE R QUies S2chUBL | i e
gl obal poShﬁfdrﬁﬁﬁeﬂfe?v&trse@é\fe@t:&hbim@gos@@é}%d%n@da% ROA!PRSULE Bl ighEY St em
satellite constellation (24), the position data representing position of
each gl obadatposmnininatiog netidorGvha ihGlk8 B kiR hiIBRBIONA detB8S selsytbtelymesantes] | i t e

fromwhich data recei.ved with respect.tpo center, of Earth, (37) and the
time data ?%me%ﬁﬁ%ﬁ%l n%fpﬁ%atw%@gﬁgg@%qr&gé’avwmgheﬁwkwg PR a. “the
tracker tagerwdiis RARPEn %gﬂftaﬂgﬁg b @hdtdh s@ifvgf %c&ﬁr‘é@?ﬂg@ccﬁ Cthe Topide@cat i on

facilitating reception o position and tinme d e tracker tag
conbi ni ng pésitiposnd tioe dad to peddet ahd trankibg enformdtianplvehegdinthé tpokingi oni ng
systemsatellites for, selectively transm.tting conbined position and tine
Gta i ot REPTEEREn b SHATeBACPSRblRab RO HaR rvic e e b kB SE B el ves

network.,

51. The tracking system as set forth in claim 50, wherein the tracker tag is electrically

isolated from the asset and inoperative from equipment associated with the asset.

52. The apparatus as set forth in claim 50, the tracker tag including:

aglobal positioning system receiver (65) adapted to selectively receive the position
and time data;

an environmental sensor (66) for sensing vibration;

a data buffer (76) for selectively storing the combined position data and time data
and detected event data; and

a controller (68) in communication with the global positioning system receiver,
environmental sensor, and data buffer, wherein the controller compare vibration
measurements from the environmental sensor with predetermined thresholds to detect at
least one of a group of events, the group of events including: 1) startup of a power plant

associated with the asset, ii) shutdown of the power plant, iii) start of movement of the
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command and control information via the data conmuni cation network; and a
tracking information server (14) for command and control of the tracker
tag, wheweion/104884tracking i nformation server sel ectivel yPCTarsesi4483 comrand
and control information to the tracker tag via the data comuni cation

net work, wherein the. trackin i n%tgr mat i on seryer, receives conbi ned

posi tion aA¥eh Fheetation ehmayameat pithe peset, Vhgrceisiyedpreasg it apcelsrom PEREI on
networ k, Wagkeldid iPetdsdh Bbrdddl B HBde|cPRicAUL R 3% Cherdfl o BREONES
command and Gontrol’ nformation fromthe monitori ng ‘device via the tracking
i nf or mat i oseledtigtlystdres thiaeombined pesitioncanld iting: dard ardrthe detacteé event datelirethei vel y
processes the cqonbined position and tinme data to produce the tracking

i nfor mati of2t2RHEf%ei n the tracking information is selectively accessible to
the nmonitoring device via the tracking information network. 51. The
tracking systemas set forth in claimb50, wherein the tracker tag is

el ectri cal 5§. Theapparads s setforthein alnine 52 anleeréin tparoatrolie dorbines thel positionh
associated wth the asset. 52. T apparatus as set forth in claimb50, the

: h
tracker ta8ndHee defp Aepeivad by Siglobs spsitioningystepeestysr b e ineferatign fashigpt ed t o
select!vel Yo pi8afleeytE iBRHatd Wien Roh WIP1i6R Rt iEFbcBIN HBAMERLE mRgNSO!
bu19 er (l ) tor

(66) for sensing vibration; a dat sel ectively storing the
conbi ned pgbli posititalirgy aatellitesehed XfYa datandprbe¢tinged laitedd andtaalongitaded

controller (68). i.n cqoqmmupication with the glgbal pqsitioning system
recei ver, r%w%ﬂmw@ﬂﬁ%ﬂ tl@%&@%fépr%%ﬁﬁln&&ﬁlgmffiws,sgﬂﬁsﬁﬁ Bith thek? a8t ths| | er
conpare vi 96@51{1 r osﬂfﬁﬂ%’:ﬁﬁq{ﬁ% ata {r{cfﬁ@.n"gQFeerrqumgﬁtél sensor with

pr edet er m ne eshol ds to detect a ast one of a group of events, the
group of events including: i) startup of a power plant associated with the

asset, ii) _shytdown of the r.plant, iji). start of novenent of the 45
V0 03/ 10485% b ARRISSHs £5Y” fg‘g@%t"!&lm vf: vherkinihe Hatgreomspuaierton etWasE asset

V) excessi }ﬁ%luh&cf%ﬁleliﬁé‘te%‘é%hﬁfeg%h% fPJ\mBh@ancﬁ§ %I‘elesé”igr%/s‘lt%arl f¥GHRL Y e

decrease in acceleration of the asset, erein the contro el ectively
st or es t hesysten)itiedirpless terestrialnedlephore atem farttert ineludiap @ackecestemdstritht a i n

the data buffer. 53. The apparatus as .set forth ip_.claimb52 rein the
control | er teﬁf‘@ﬁﬁ%e@%‘gamﬁ errelﬁss @Hastflﬁlnﬁleaﬁ?%ﬂaa@ bipg, dgrresirial ﬁfﬁgxgnoasm
POSi ti ONi Ngai¥ s ABohfidkton Mittftht WileRbSfeRkitARM ERFAIR hetwork and the land

line terrestrial telephone network.

55. The apparatus as set forth in claim 50, wherein the data communication network
includes a wireless LAN (178), a wire line LAN (182), and a wireless/wire line LAN hub
(180) in communication with the wireless LAN and the wire line LAN (182).

56. The apparatus as set forth in claim 50, wherein the tracking information network
includes an Internet (34) and a land line telephone network in communication with the

Internet.

57. The apparatus as set forth in claim 50, wherein the tracking information network

includes a wire line LAN (180).

58. A method for tracking a movable asset and providing tracking information to a

subscriber, including the steps:

46



to produce XY and tinme data when position and tine data is received from at
| east three global positioning satellites, the XY data representing a

| at i t ude wod3a048engi t ude, respectively, and the tine dat @CTasp@sast i ng a
time of day associated with the XY data, the conbined position and tine
data including the XY and tine data. 54. The apparatus as set forth in

cl ai m 50, wher ebnasspeiating she sibseribier aithon tigekendrk and Ak traelker 4ag sl thene
terrestrial te . WM r . e system
e ot c) et BB AR BRSO AR A s LD A SN

terrestri ajt a loehtRhianshictetheardckandg haglineadfasght hedesesd theaky datigphonedll and
line terrestrial telephone gateway in communication with the wreless

terrestri amovenesebHhe asist,whetel e frarker tag s eletpgally dsolated fromthe assedsmene
network. 5 T r . | ai m 50, wherein the data
comuni cat 1\ili}lg%erne e\;\aigér? eﬁ%ﬁ%eﬁgaesgg%até\nﬂrﬁetpglé{asg N (178), a wire |ine LAN
(182), and a wi l(?eé@ﬁﬁdg/\ihlé%ubécﬁbeﬂ.xﬁhdgmlﬂﬁonifdrﬁ@ddvfte(a@mIﬂcb gaWdbositewiia b t he
wireless LAN and the wire |line LAN (182). 56. The apparatus as set forth in
cl ai m 50, Wweeking inferwationapetwerk, i Weseinghe JWeth sitevéndkudes #¢ [leas nadrackingr net
(34) and a_ lkand..l i t rk i | ' | |pternet.
57 the. apBlravyes MeeofpeMAPRpRR R S ERTILER B8vthdfohAE asctd

i nformati on net ¥orekeiving @obi€ien afd Hink @atal fiem laANa§t B8R globdl.pokitioRihp egktémr

tracki ng a novabl e asset and providing tracki gg@ii nformation to

e | a
subscri ber satgliifes @fianglobal positieping sygempatelirte sapddlation) aths tragkes Jag,gthe

associatin b I ber W . . t I I tth the
noveabl e & sstietgb % d\%%e%é{eﬁ&?ﬁé%g’%é er e?‘g}? (lgbsa hg‘%lst E"%g‘ gépsgf%rsl%&gﬁe freox epl\lmér of
t he novabl gatasaetrecetied avithoespdcoto dentenbf Ehrth hed theaikedats agprévastidg emef si ght

access to the sky during normal, npvenent of the asset, wherein the tracker
tag i s el eefiday@siqoiatedswiththepasitiomdatie asset and inoperative from equi pnent

associated with 1 s [ . i ber -using: Lt-0ring
devi ce access t%}%%@gag‘qng%? ggsg{&ta? gé‘[??ﬁdé‘&f@fs“ ggdﬁg] i 5@%@%&’3‘?%@% ein
the Web si i dath R6mudmicatibn h&askk,one tracking information Wb page that

di splays a map suitable for npnitoring novenent of the asset; c) _receiving

position and ti PEPTECASENG Fh?_rﬁoéitﬁo{l angime data ing Té‘!ﬁé?@%faﬁhl%ﬁ%ﬁo@_}@tm
satellit eSanQif %iﬁngg&aqgaéhe S S AL LS 'r&ges%){t?ﬁge g lﬁﬁlﬂlﬂé,l étl&g@tﬁﬁg,t Sﬂd ah 'aﬁﬂu@é, the

tracker tag,
respectively, and the time data representing a time of day associated with the XYZ data;

—

f) displaying the XYZ and time data on the at least one Web page and overlaying
a symbol on the map at a coordinate associated with the XYZ data; and
g) repeating steps c) through f) for a predetermined time at a predetermined

interval.

59. The apparatus as set forth in claim 58, wherein the data communication network
includes aPSTN, an Iridium satellite constellation, and an Iridium satellite/PSTN gateway
in communication with the PSTN and the Iridium satellite constellation, wherein the
tracker tag is in communication with the Iridium satellite constellation and the tracking
information is displayed to the subscriber at the monitoring device When\the asset is

substantially anywhere in the world with line of sight access to the sky.

60. The apparatus as set forth in claim 58, wherein the tracking information network

includes an Internet, an Iridium satellite constellation, and an Iridium satellite/Internet
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position data representing a position of each gl obal positioning system
satellite fromwhich data was received with respect to center of Earth and
the tine weto/1048p+ esenting a tine of day associ ated w t hPCRAISpI 4483 on
data; d) communicating the position and time data to a tracking information

server via a data communication network; e) processing the position and
tine data gatewax i cemeugicaign wibihe ﬂnte@nqsr@du@é Ixmm ggigllitg penstellation,t he XYz

data repr ewgg%in{%ﬂea bt Lq%smeﬂnl f&%aﬁrﬂ?&gn%ﬂx tﬂ@lr?du%ﬂl g&egﬁ%e co ﬁ&&;@l vely,

and the t a r8 res ay associ a dat a;
f) displ ayadighé ﬂﬁcl&ﬁ‘@mﬁﬂﬁlatlblﬂﬁ dibplagedid thé@ubstritee aisthe mogitMMiE Jeaipe wiied
overlaying a synbol on the map at a . coordi nate associated with the XYZ
data; and & sul@q@@h@rlﬁgﬂ@ta@b%lly(ﬁwwhw@wgwef\yori% a predeternined time at a
predetermned interval. 59. The apparatus as set forth in claim58,
wherein the data conmmuni cati on network includes a PSTN, an Iridium
satellite constellation, and an Iridiumsatellite/ PSTN gateway in

conmmuni cation with the PSTN and the Iridiumsatellite constellation,
wherein the tracker tag is in conmunication with the Iridiumsatellite
constellation and the tracking information is displayed to the subscri ber
at the nonitoring device when the asset is substantially anywhere in the
world with line of sight access to the sky. 60. The apparatus as set forth
in claimb58, wherein the tracking information network includes an
Internet, an Iridiumsatellite constellation, and an Iridium
satellite/lnternet 47 WO 03/104834 PCT/ US03/ 14483 gateway in

conmmuni cation with the Internet and the Iridiumsatellite constellation,
wherein the nonitoring device is in comunication with the Iridium
satellite constellation and the tracking information is displayed to the
subscri ber at the nonitoring device when the subscriber is substantially
anywhere in the world. 48
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