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disablement of these systems, for example, if iniruders' 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
imziging 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 & 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 multiple andio and image signals are multiplexed
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[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 2 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 transmit the locomotive
discretes via the ooﬁnmunicator. The method includes the steps of operating each on-board
system to determine when its respective locomotive departs a locomotive assignment point,
operating the on-board systems to determine a departure condition, to send a locomotive position
message to a data center at a time corresponding to the locomotive assignment point, to

simultaneously collect GPS location data for each respective locomotive and at the data center,
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[0009]  Inreviewing the existing technology, it is desirable to create a tracking system that

increases the intelligence and interactive service communication between, for example, an
aircraft and ground stations during its flight péttem, as well as to insure independence in the
communication between the aircraft and ground stations. It is degirable to provide a reliable and
cost effective method to track, for example, aircraft, with a unique aircraft number, any time
during idle time, taxiing, and in flight. It is also deemed desirable to provide interactive service
communications and independent communications of the aforementioned type to other modes of

transportation as well, such as various forms of air, ground, and water transportation.
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[0011] In another aspect, a tracking system is provided. In one embodiment, the tracking

system includes: a monitoring device for displaying tracking information associ;ated with a
movable asset, a tracking information network in communication with the monitoring device for
communicating the tracking information to the monitoring device, a data communication
network, a tracker tag adapted to selectively receive position data and time data from multiple
global positioning system satellites of a global positioning system satellite constellation, the
position data representing a position of each global positioning system satellite from Which data
was received with respect to center of Earth and the time data representing a time of day
associated with the position data, the trac}cer tag disposed along an exterior of the movable asset

at a location facilitating reception of the position data and time data, the tracker tag combining
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sel ective g the Hext ta e to the tracker tag 1n a nessage via
a nesstginglisysf sght acedsetoghasityndirimg seanilngovepsntof the ascl; shsichl the trackene
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c) selectively sending the next tag profile to the tracker tag in a message via a messaging system,

wherein the messaging system is accessible to the tracker {ag via a data communication network,
d) powering up the tracker tag, e) detecting a change in state condition with the tracker tag and
responding to the change in state condition in accordance with the programmed instructions in
the installed tag profile, wherein the response to the change in state condition includes refrieving
the message with the next tag profile from the messaging system and installing the next tag
profile in the tracker tag, wherein, upon installation, the next tag profile becomes the instailed tag
profile for control of current operations of the tracker tag, f) detecting a data acquisition condition
with the tracker tag and responding to the data acquisition condition in accordance with the

programmed instructions in the installed tag profile, wherein the response to the data acquisition

5



with the tracker tag and responding to the data acquisition condition in
accordance with the programred instructions in the installed tag profile,
wherei n wWiR200éepMse to the data acquisition 5 WO 2005PORPR2884/014025

PCT/ US2004/ 014025 condition includes acquiring and storing sensor data
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change I'n state con wth the tr ag an pondi ng to the”change
i n st atiformcaivdisenivertoicneabanaxtl g peofile, whetdiethemegirtagmeedile instudesqirogrammed t he

install.ed ta rofil wherein the sponse.to th hange J.n stat

cond t iBupsits nnE rbEgenhetoneL BRBRRE e phsTer b0 el Bt fdiner o
the megsse fb&h@tt&él&ma?ﬁﬂah[bﬁia@b WiaGnéshapifiessistenfGrietéh tHeanésBadifesylsfeaciser tag,
wherein, upon installatign, the next, tag profile becones the installed tag
prof i | @cqessibleémibe gacks tag s e Atta epramERiceinn negyorkyd) nomesing P thedracker tagedect i ng
a data L] -\ tﬂ%‘qﬁ S Ml t he
dat a agg%%gtséféﬂr?ﬂg%ﬁpl %F%P\@H%%?gr angga&mgg%\n%ﬁ%pprog%?n?rgg@n%gﬁ%%tﬁ ons in
t he i nstaditienintaaeprdproefaithehe plograginedihstructionsomthe installed tagguofile adpeainfhei on
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from the messaging system and installing the next tag profile in the tracker tag, wherein, upon

&

installation, the next tag profile becomes the installed tag profile for control of current operations
of the tracker tag, f) detecting a data acquisition condition with the tracker tag and responding to
the data acquisition condition in accordance with the programmed instructions in the installed tag
profile, wherein the response to the data acquisition condition includes acquiring and storing
. position data and time data associated with a global positioning system receiver in the tracker tag,
and g) detecting a data download condition with the tracker tag and responding to the data
download condition in accordance with the programmed instructions in the installed tag profile,
wherein the response to the data download condition includes downloading the stored position

data and time data to the tracking information server via the data communication network,
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and g) detecting a data downl oad condition with the tracker tag and
responding to the data download condition in accordance with the progranmed
i nstruct ivomseosm22bee i nstalled tag profile, wherein thercPspmNSaI4035 t he data
downl oad condition includes downl oadi ng the stored position data and tine

data t he &r LG jnf Or ' j nic t wor k,
6 WO 2%&%&%&%@?8%@%% Piée‘: %ﬁ?&c@ﬁé ﬁ%gg#ﬁ oﬁ}r{% I oa[rlt%ser ver
proces smtdﬂ‘aekﬁgmﬂonnaﬁﬁch:mloﬁépliymhdﬂadxi@ﬁmmom ah a nicnitocing déwcd viaaki ng

i nformati.an Fﬁd dlsB s%hetrackinginforrration on a nonitoring device via
a tra R (H twork. [0014] Benefits and advantages of the

i nvent l[@Dl4W | | BrGO E dHANAAILEYs of Chel iFemEion fwild bedonae dhpatdsit td thbse dfivedi upon
readi ng. and under standj ng the descrj pt.i C{1 of the invention provided herein.

BRI EF BEdartispriononreadine aydapd riskandios thsydeserption o€ the invention gesedaddstein.n nor e

detail in conjunction with a set of acconpanying draw ngs. [0016] FIG 1 is
a bl ock diagram of an enbodi nent of a tracking syst emincorporating the
invention. [0017] FI G BRIEEDS SEIRJE 'm AT B AIRAWIBKHD I ment of a gl obal

trackl rakin 0 DI cls.

satel li el%)c(ongﬁlﬁ 1?‘9%’@%19& Sﬁgl?ﬁilt]fl gxeg%!lﬁ%&{%ggﬁ%%@lﬂt%ﬁt rchc 65 glg]

FI G 4 demghgd.s an |ridium satel I|te constellation with nultiple satellites
in Ear ar bi t [[Q02 .G 5 illustrates orbital . altitudes of various
sat ot 1 1003 ondkIGH f1dt  Biack cfagssa p 15 S EHBRRIAL & Far KRS ST BRHDOFRE 18 o

sat el | ii{@nf@mmuni cation portion of an enbodiment of a tracking system
[0022] FIG 7 is a block diagram of an enbodi nent of a tracker tag. [0023]

FI Gs.  $0014] pr i@ it aploelndiagraeotfipp embodimentriapinbsl malingsystamincomesstiogag.
[0024] 4& %@%PI s a bl ock diagram of an enbodi nent of a tracking information

server. FIG 12 illustrates an exanple of a portion of a nonitoring
devi ce [@018p| ayFishGuiepiptsern GBE setelliteramsttiatidn with imitipla fateliidsi ioEaith oddc or dance

with o t he inye tlon 0026] .F k di am.of an
orbodt THETof B 4 deRsehn el Rip g St afich with b i geedites St
[0027] [6026] L14FIGs 5allkdtaeds cﬁib@eu@mma‘s ol fariiidegteBe bortel@tib@cal tracking
system.i ncorporatl n the i nvent| on, [0028 FIG 15 is a bl ock diagram of

anot hel0&Hodi Fént6 80w theailan of (GRS dptacn gy satelitfe aqmmynigatiomopprEpnof 28f an

enbodi %Ei‘%dx‘ﬂrfen?@?ﬁ ﬁlgdk%k é%fsteih tr acker tag in response to a povver up/r eset
conditio

[0022] FIG. 7 is a block diagram of an embod:_ment of a tracker tag.

[0023]  FIGs. 8-10 provide top and side views of an embodiment of a tracker tag.

[0024]  FIG. 11 is a block diagram of an embodiment of a tracking information server.

[0025]  FIG. 12 illustrates an example of a portion of a monitoring device display showing a

street map and t‘acking information in accordance with one aspect of the invention.
[0026]  FIG. 13 is a block diagram of an embodiment of a regional tracking system
incorporating the invention. ‘ '
[0027]  FIG. 14 is ablock diagram of an embodiment of a local tracking system incorporating
the invention.
[0028] FIG. 15 is a block diagram of another embodiment of a tracker tag.

. [0029]  FIG. 16 is a flow chart of an embodiment of operation of a tracker tag in responseto a
power up/reset condition. _
[0030]  FIG. 171is a flow chart of an embodiment of operation of a tracker tag in responseto a
change in state condition. _
[0031]  FIG. 18 is a flow chart of an embodiment of operation of a tracker tag in response to a

data acquisition condition.



[0030] FIG 17 is a flow chart of an enbodi nent of operation of a tracker
tag in response to a change in state condition. [0031] FIG 18 is a flow
chart of veaneeshzzddrent of operation of a tracker tag i PPCEHERINM@E4025 a data
acquisition condition. 7 WD 2005/022292 PCT/ US2004/ 014025 [0032] FIG 19 is

a flow t | REek-at | 10 I se to a
dat o dSArbad 11Ga T AR+ HEB1oh pRGE Bk YT oftrafloh AE el Bl e BRRRCT, 1Oy
oper at data dofvnwad cerdiiig i nf ormati on server to configure change in state,
data a LsitiQp, ~an ta do oad conditions for a tracker .ta nd send
t he coﬁ@#éﬁr eﬁ@b%@ilgﬁgf?y P@“{ﬁtm& P’Eﬁ?@'?lc{l%% ?R?fa§1° %ftsaag%émfg)ﬁ'%%?ﬂagpﬁ 21 is
an exepgvaity coefipups cianpeintits, dal aisitied, dandsiatadoiindnial dopditiohafte e tiatkest at e,
data acquisition, and data downl oad conditi ons. DETAI LED DESCRI PTI ON OF THE
PREFERF?EB“@W@ER/E‘N%{E eqndgigos do fhedrackss &3 MATPSa8scri bed i n conj uncti on
Wi th t@3afCcormanyi Randkénhigsag ?R)%le B WoB S ARER bRl Maﬁgeﬁl state,
illustrating exenplary enbodi'ments of the Invention and are not to be

const r datd aggisitien, and date dewnlnadrronditionss such enbodi ments. It is understood
that the invention nmay take formin various conponents and arrangenent of

conponents and in_various steps and arrangenent of steps beyond those
provi ded in t heETARVED BESCRIPIIOOCORTEIE PREEE DOEMBWDINIBENTt he dr awi ngs,

like r renc rals denpte |ike. el enents. 36] Wth ref.erence.to FI G
G EHESET nen Bt ek sl oSO R Wb DeabeReRinE dratgrigptie
tracki g Qi &Rk pﬁk@o%@fﬁmsﬂrétmgaékeéxgw elﬁ@odi@eﬂt@bﬁt}ié%%ﬂﬁbﬁ add f8néed wor K
18, a _tracking information network 20, a nonitoring device 22, and a GPS

sat el | be eonstaed a5 limiting thejnventipado gyl eshodimantse 1bisrecersiogd it thednyention

prefer ' it i ' ' . L.y of
GPS sate ﬁ@ﬁ%&ﬁ%&%ﬁgbgla???\ggﬁegleégﬁcﬁﬂlﬂ Egg%tg%s‘%%lgﬁ #%I% a%lErlch udes
a cl ockrrargethehind steps heybed shasa growdedfin fhesirawingoaridi assoniatéd desspysion. Withihe

center .of, t he E(il th.f Fach GPS . satel lLite continually broadcasts its position
with rBEskayngs {kﬁée SERFePIB Al ng&h{kﬁelgﬂa&n Ime with respect to a tine of

day refezence. with@délentR Ha! &) do dnitsodatiént Weh tratiioytystan 16 idididen g tdgl@Fs Wit h
GPS receivers to locate their positions o Oéaénear the Earth. Such systens

are CQFﬁgDH’);i 16_ 15 BEOTHREP SE1V6R 1 s_rf’*"’r’r*ﬁ?‘i?ft 165 4ats spmunpsitation oeByEk 18ueh as
avi at i ghcliRiHRhERkCA hav@ 20U 1@8&'@61-]1:% debRY 8h, al LGP ELAERR A Rétellhiil 245°S

satellite constellation 24 i'ncludes enough GPS satellites and the satellites
are spdoeGPEpatellite senstellation 24 in rrefprably spubdic GRE satellifegnsteiionandnding es wi | |

be ab ) _ ) Y : ) . :
posi t1 STty ALORS S RIAONERE yUebifaf e RERN VRS RN REIAT o
and al tnd habearf welerspadinty aiitsaewin birbiewiih rapéet donthcoconteeieS thaBedth.| Each GP$

osition and ti.ne . " . . .
P Sateliite continually broadcasts its position with respect to the center of the Earth and time with

respect to a time of day reference. ,

[0037]  GPS satellites are well known for enabling users with GPS receivers to locate their
positions on or near the Earth. Such systems are commonly used for navigation in many
different applications, such as aviation, nautical travel, automobile travel, etc. Preferably, the
GPS satellite constellation 24 includes enough GPS satellites and the satellites are spaced apart
so that from any point on Earth, four GPS satellites will be above the horizon. Equipment witha
GPS receiver can determine its position with respect to the center of the Earth in longitude,
latitude, and altitude from position and time data from four GPS satellites. If position and time
data is received from three GPS satellites, the equipment can determine its position in longitude
and latitude. The equipment can also determine its velocity from the position and time data.
[0038]  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).
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data is received fromthree GPS satellites, the equipnment can determine its
position in longitude and latitude. The equi pnent can also determne its
vel oci t ywkrmos/e2agezposi tion and tinme data. [0038] One puliis2o@RMHRatellite
constellation is the NAVSTAR GPS satellite constellation devel oped by the
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Ear t h, satdlRfe@ondtéllation] Hasevdrome tatiGng Satest 10 woks jlzoxewtlherithany &1ber public _
Preferably, the GPS satellite constellation ﬁ,4 Is t F NAVSTAR GP% Vﬁs:latel lite
const ePFarpisHite H@%‘?}%n,‘)“s_tﬂ’é’ t@é@‘kﬁ%&@?ﬁéﬁﬁe ge afigamaistained Syvie h any
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constel lati on mal ntaine y ssian Federation or the Galileo satellite

const eGP8&satghite eansteliadeni2bgoutd plsp ban poivatssaicBie syskam. GPS satel lite, .
conste i on ' S |11 t 0,

prof er 0]t AETEEBH, Gt 18% SoBlinEfec bty bt B Affverd Blacker o,
t he tragkldr may g strediyo ey spewfadsdtdonntichyipekof iafsatatibois désired. tHoacki ng
information is desired. For _.exanple, a truck, .a van, an .autonobile, a cargo
cont ai FEFIPLe, Adagy Ay 4n agfumobile; 3 Eargo cohtyiprofiseifeget iy, 2 Paif A 0GpmotivRa 4

wat er Cidf dar, ahdQ Watekdy. TRotrdcket BagSIOCH s8Ehrédtol e agkes €6 irl @ mdhndr SHPMAEEK SO

that it normally has |ine of sight access to the sky. Preferably, the

t r ack eRormadfy has lige olsiahy agsess to o Praferably; &g irarles tagid2dp rgpoebinsseradset 16
at its,h | At | [ ; o at
east i8R %%e R oEHRIREET 6 aORYMRRIThoifh Mo biRE Bl ot AN D % o
sat el | adcessits at leasjtlineedr fobr GPSishietldes is aikibhey Acrksytomt lcost fowr GRS sateltite is
Preferably, . the tracker t 12.is positioned.on, the assef,.l6 so that no
oper at AR Afjeidses e e idion s ARREL SRR, me RER IR 23 Bot 3o e
oV e etk afdet 161 thsiSRloperbtvrs chewy, opp¥&iderstcah heebsths tradkar tigheidufiagsorniadm bei ng
able to renove or disable the tracker tag 12. Preferably, the tracker tag
12 i s TRUSBERQEHC a§sehollEs BYY Ry eOUPERHts mﬁerifw f&%%gelpgémeﬁ%@%§€f and

does ngik,1eqhe 'i:%cl%E?%!@'l_Zi ”I’Fe‘fé&%l!il%rl M HhidkeP 9ad) 98 TR ind PREAGH Iy Ofbvired BRd

tracking system 10. Again, this feature may prevent terrorrsts and ot her

foes ¢lecinicddbi isglatdd frorn dhelipssebhed does natgequire manpal terignidere duringnermadr nat e
enbodi t er 2 ,may | ] ) /

e anspOree i iane bRESE ok 14 A, U B PE B otV BaBRRE badBfebioed 1 o
t 0 r ecbinébeinpfablatadisable thedrachadag 12. rAns@er,tin viddrhatt embedismnts theddoker the
control_.certain.aspects of operation for the asset .and/ar, transport, .vehicle.
For ex;L?rﬁ‘Faé{  ingegface t%f“i'c rasg gar@f%r r?afyratﬁgoﬁtYF_ ¢ eoasa?ggltﬁ&é” ith tenss tdo'bsﬂs

oper at ingifaRk nidyhetndagbd BNRCEAVe IHfGmMeRiRN frone Miset/Panspdr® Q4 EeAdndof hdAs th he

tracker tt%g 12" has |line of sjight access to the sky, it selectively receives

wi 1 el eednteod rmtain cspectref apseationrfar Hisraspel dBYSr jrapieddEhidle.h o FrANTRs Batel lite
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data continu br oadcast
[0040]  Aslongasthe tracker tag 12 has line of sight access to the sky, it selectively receives

wireless communications that are continuously broadcast by the GPS satellite constellation 24.
The wireless communications include the position and time data continuously broadcast by each
of multiple GPS satellites 240 (FIG. 3) that are within line 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 cornmunication with the tracking
'infom:;ation 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 & thin client using TCP/IP protocol. '



of multiple GPS satellites 240 (FIG 3) that are within |ine of sight of the
tracker tag 12. The tracker tag 12 conbines the position and tine data from
each of woezmsbizegd e GPS satellite to form conbined pdiwusmosngozsi ne dat a.
The tracker tag 12 is in conmunication with the tracking information server

14 via dat ' i ' : ' e

e I e A LR et i S T g

Pr ef er bdsey pn wornimané spbamntrot inférvetica framaberreskinginfiomatien wyvér 148 Sanidartyhe

tracki i nformatiaon server.14, the tracker. tag 12. | fhin.client using
TCP/ | P rtf?tc%%rotf’g HQ%W%%W&E%?W %%ﬁﬁ?f?%&%%ﬂed[sﬂ%}fﬂn a'Fﬁé"P‘? Eer tag
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command .and control information fromthe tracking ipformation server :
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fromthe tracking information server dditiona racker tag 12

- y
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The tracker tag 1 may receive the position and tine data and store the
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of the chﬁrtﬁi Fied position and tine data. [0042] The tracker tag 12 nmay

i ncl ud®SY2E8%8ri thm to resol ve the position and time data for its own

posi t'i 49 t h THRIPREkEr tid] X ey Grehide an alizotithen foatidive the posiiGpamdttihe genfr at es
XYZ data representing |atitude, | on%i t ude ang al titude (requir]j ng position
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three ellites) In atrilateration fashion depending on the type of
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the anpptiu®d (Y24l dbba B ThiReB6h altithdelR). tIF Bekebddvih® AIgb AR RAImPRIMSLed il he

tracker tag 12 may include a data conpression process to
the tracker tag 12, the combined position and time data includes XYZ or XY data and the

i)

associated time data. Typically, the resolving algorithm reduces the amount of data transmitted
to the tracking information server. The tracker tag 12 may includé a data compression process to
furtber reduce the amount of time required for data transmissions. The tracker tag 12 may
include encryption and 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.
[0043] Communications between the tracker tag 12 and the asset 16 or the transport vehicle
associated with the asset are optional and may be by wire or wireless. Communications between
the tracker tag 12 and the data communication network 18 are wireless. Cornmunications.

between the tracking information server 14 and the data communication network 18 are
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further reduce the anmount of tinme required for data transm ssions. The
tracker tag 12 may include encryption and decryption processes for secured
comuni cW0i200/02029%2h t he tracking information server 1#£CTAS2e0a®i14025
alternative, the tracker tag 12 imay include the encryption process to

_ r _ the encr | t
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are optronar-aRg tﬁ%ﬁ? X0 W{Agleolﬁor \/ﬁ?'%é‘fllep%%aﬁo% hﬁﬁ‘fﬁeﬁj‘ﬁ? Srﬁék%éc?%\@%% tg‘? he
t r ack efacking idf3rmattbil daevedl 84 aTlgahwa ddintAdnicatioadiciviirk 18 Snagbe awubled ©$8ork, a

Conmmuni cati ons _between the ,tr%gk{)%? informati on server 14 and the data
conmurBTEA1G ReEverks Qo cpgibipation php SERPIVPIES| US2004/ 014025

pref erabhy| DY F¥ &8mplOWEY 8ita cddtnSnf ARG BEN DPmARY AR OnBer Motebehss The
data ‘comiuni cation network 18 may i npl enment any conbi nation of wrel ess and

wi r ed cosupwmicatioat sabellitec synteshs feaestdali telaphend gystensmeable atlevpion besigesn t he
tracke [ ' |.nfor | Vi oL | cation
et v R 06RE gl BARE ALY PR AR Bl S AL RHEETRRL O O
of puhllatzcoanumicationtsateiidt ystdasmay DAL a Foelliextetiephone syden cied aivatesateltite at i on

network, 18 i ncl.ude one or re of data,.co ication satellite systens,
o r Gt YAk (topeBrOHe eTBPat Bk BrE be BPL DYl Fhatone SHHERABET A vor Ko,
and othelridithintsalIfe @fdtdn CABMIGH gl saﬁunsgy@éds,&he Oredtyn:A QERIIAREYsR, tid1e  data
comuni cation satellite systemmay include a satellite tel eﬁgone systemor a

pri vatlamsgretsadllite systemywerrday othieeswisblanuplie satellitgiplspieonepystem FhytasestEial public
tell | : . 35 i di i
sat e tb@?&@gﬁ%?@?ﬁﬁ&hﬁ%ﬂé i %‘i@nb?fanhﬁ]hgWﬂ:@%&ssﬁlﬂ[eg%&et%@&ﬁ Neulif1e

G obal st system’ t comm sat e S nmar sat
sat el | dstilee pipdit ewitclmd talayhaenetwosk (RSN eboadthand igegrefet sereicesdigidh oeterosy st em

The t l.al ; tel eph i ncl ud i ' f.-land i

o vi roreRy Gl shBraledy e SLE Fellfhe elGinns sfork il o Patoisalite
get wrdlys&ascms)bmm@@m?%y Lrﬁﬂm) rsa;ltti&df: 3@*&%&aﬁléblginbazteme&v\ok The cérhﬁlﬁtbb,

| gltal subscri pe I ne ,. Ce [ el epnhone net wor er sona
CommuietARRREY w&%mwesainwapmﬁ mlﬂeﬁmeéﬁwlgfwet@m@é% st ¢ wielesn

t el ephofRs NelefRhkly, HRRoADIRH heworlDRIMREKARY., DK 402 330y whO AL PAN @ of wire
line l'ocal area networks (LANs) and wireless LANs. Preferably, the conputer

net worlEEER02t 11 demweireless [oAN). | Hipwre @ 2nBother sujiable netwagk commuridationPErogldY. 11 f or
el N i t abl t ] ' ' t |
ey banin B ShecPRARIC fuch MBI, Riteh M Paber GO RO TIRDA! 000 S

i nt er f ARENFADRL]G HipefRENET, and Hi per LAN. [0045] These various communi cation
techno |.es be .conbined.in. a conbination to, .forma w de area network
(g, 0B o TR D o B BB IR T Sy ineq by P bgdon i

comunfograhivade Bei ﬁ&%ﬂ& (WAN) 8@ EtréRUitahdaréd bt Bie (VBAN). QUsEEBIR] thetvielesdet wor k

may be
Y 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.
[0046]  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 mbnitoﬁ.ng device 22 via the tracking information network
20. The authorized vuser, fo1; example, may be a subscriber, an employee assigned to monitor the
" asset, or an operator/administrator associated with the tracking information server 14. The

tracking information server 14 may also selectively receive command and control information
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I mpl enented by satellite, cellular tel ephone, PCS, wireless LAN, or any
other suitable wireless technology. [0046] The tracking information server
14 sel ectwoetogopr2ovi des conmand and control i nformati opctesidogoisosmscker tag
12 and receives the conbined position and tine data fromthe tracker tag

12. The trackjng infor lon serve 4.,s€e ti-vel rqcesses the conbi ned
posi ¢ 1 G A padd Ut SR BBedFhtlerke 22 ERE NG e BT R ARl GV

[ n; or M4 iineorhpatibleowith fdﬁtfalrt@nimmﬁmm gia the E&tam&imﬁﬁatio'ﬁ]t}&t\tmsrkcﬂei a1d the o

i nformati on server. 14 sel ectiv, S e tracking informati on accessible
to an Ha?w%aﬁ%ﬁewrkﬁém@ﬁ@gﬁﬁﬁm evice 22 via the tracking

i nf or NpdgagN NetneOlrkckingd infoRBati BaérZ el HSeincthdd plogithRd MBViREoAs to

subscri ber, an enpl oyee assigned to nonitor the asset, or an

oper at O¢terming: i) whatheror nalde prividegemmpands prrontrpbiskormatipn fatbeatackeriag B iidr  14.

Th t ' ' ' A : I 4| ' d d
Cont r of EE R et APl ObiSRes o ASAMAL Ao RYacRl (3R SR P ik: SESY BaRBIRECE, 201
user ofratkineg indomination argl wleat itype of Fackinginoreiation tot deaetateq OB iwhgthiendrorobetieon _
Pt or 8 oz SR BRenRE St o0 RS PrHE A HERDS Rocstr s e P oy O
[ 0047] arkhe) twhathiet BEnbdItbaEEsd eimmeidsar codirsleinfirmatio Gopf O mahoed user.
instructions to, determine: i) whether or_pot to provide, commpnds or control
i nf or nfhes APERORReREmRaddpstiugonsare 4l5g POsSRL: IR DifErHBRC SNsERERES BY He |
conbi ”ﬁﬁﬁa@@%bﬁﬂdgﬁe& réﬂitéd, @Edfg@é@gkeﬁeh@cd%% BethoR¥ed Rty I IRBRERING debicdC ki ng

i nfornation and” what type of t ng information to generate_, I'v) whet her
or not 2% uSemre dfsthguptegranyeell ingtrughenshmay dve muitialiy gured,aeditedg andoor mat i on

accessj Ipf:e]ﬂe%te%nwgﬁglfh%;%afc%‘g}[g%%g lﬁgﬂaﬂﬁﬂﬁ%%&?g@r not to receive

conmman or contr nfroman a rized user. Oher types of
pr ogr ajotdd] i nshewoinnomds aray iatlade packet taf eomitaed ptodgaphnreee vingglosition aads may

be injti configured, edited,, and/or suppl enented by an.authorized user
ot holims it PERY ggtine Sombagion faa et AAneas HEET IR CHOPRES b
i ni ti abbytiPditEwY &, 288 klofdec ; SsitichlRR tietedtL ConMhbh® hiealdd BEkHOT

system 10 i s, tracking the asset [ 0048] The commands may | ncl ude tracker
tag cohpdirsinfosmption ery@cemmangs fpdeiett pspcessiag combiaed pesitionangiting dafhini t t i ng

conbi negd,: | 1] a0 | 145t d | L. and
tinme dgg%?%gfﬁ%étg;op rec vfﬁg{%glélﬁl ?ﬁg%&%%gﬁqthedt%gtgg%‘gﬁ?? %&é gpso

i ncl udeackinginkirmgtiomfapdtasioprpremssieg caobmehpasition delfime gatac Exlsdr types ofibi ned
position and. ti data, .to begin generating certain types of tracking

i nf or rrﬁcf%ﬁ?dsta(gggf%Bosﬁg’r]l%r‘ati ng certain types of tracking information, and
t o st onoRoPCe Thicrpntslthforedti Bosiay ikludendagd piotile] alliak ffdnh e ttaeR@Ia@lo the ommands
are al so pgossible. . [0049] The contral .in orrrati%hﬂqay I ncl.ude a ta

pr of i | @sselglinksdrom thesteh o ¢lepmenia psspetate withile asselsand link pformationisserdatsd set to

el ement,$ma568%haied Wahkidhsit 88 BRtassefiNd i nk i nfornmation associ at ed
[0050]  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 associated with startup and shutdown, iii)
vibration thresholds associated with normal movlement, 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. Additional information may also be included in

the tag profile.
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with either the asset or an elenent of the asset. [0050] Typically, the tag
profile is tailored to the type of asset being tracked and the tracking

i nf or mat mom2®8022282s contracted for by a subscriber. ThecT/asops/ofioise may,
for exanple, specify real-tine tracking, tracking on certain detected

events, | 00} cki I | : . .14 | t he
eYent ogqBR ! OOMBiLICH: M AR b AR oAt ML LNBLAN:

par anewethsoasumidaivestowhd traqghirednfrinagorestvend. ethisis hbwahe tracking ifhdhhaiont r avel
at hs, t .of . tracking.infor.mation.au rized. for nmonitarjin and types
b { £ neteVREifing ek B ShPinst R kot 8 pef it et ple e e

pr ;)fi ! gzat&.wonmimw .th. 'ﬁgiﬁ?jitﬁthaﬁkdzhi@inﬁrﬁfaﬁﬁﬂ sepvertld, fThe ﬁﬂl@&bﬁ%@&a@@ﬂtaﬁfquency,
ii) vibration threshal ds ]

ssqocjated with startup and shutdown, iii
vi br at oW pHeedlioRs ﬂaf‘_s%%fimsale TRARGR ETRE ésmﬁé%@ﬁfs)mbmydp@stmae@ ®ar eas,
V) hazghdQuis Rkeset so Wak 1R @IRELE BRIMEEon c\a’dﬂ ri)e)f(éi‘érﬁbg tBd LRSS FERRdhhpRNMe Viii)

fuel and fuel consunption information, an reports to be processed and

rep](c)_r]t traeleen tagridsntificaigin dasmmiay b finkeddo ao pireral) tal nypntgs. Sﬁnﬂﬂb??leicnmbm t aE
Pag 12 oprin L e dud et Ao b ianbirel S omant P b s B i atgh A ol "

comunifivat the aset to thdwehemcRomayamplepamaiémeant caebe efuel fump bh &n hiscrhfd engifxe

tracki i.nformation seryer, 14 identiflies the ca ned sition and.tine
o . (e or SRRy Rt ke 6 Hened ot 05 SIENE SEaRiied eSPAA (-t ne
tracki mg: scab@l Mk nedy s86Mefe al fuel Pamip defikl hs.ORith Hke biraakahil tdg Additibsalt he
asset 14 allows the tracking information server to associ ate the conbi ned

posi t i GRATApIEs of glemedsingludieropetatnss. £5ave meBYher, PATSCREREs,1as3et RWAGFS: G i8S, on can
refere : F éaiqrgll] : %%.'tg@égt jef g cat i a my
be Iinggﬁa%{gcﬁ%@g@? grrlta1 tmst?al nﬁ’r%tfa%ﬁlpglwr%f ﬁg‘ﬁ'y, t he orggie%eg%%sg%g?'tg?on and
ti me davssidanMaltgde blemestseon bt ebéntifiedaraiirked heagiveh asdee asset by t he

addi ti [ from the .asset. t.0 the el.enent .. r_exa an e nt can
o t AB2b o R R RBSEipliPe et F¥pciptel v ATk o BB e

t r ackemsdeniientfiedtiohi ¢ad,i nagaf sertifitdtioh) di)adsketr eerationbl inforgionaRe askdie
second |ink may, associ até fuel serj with the aircraft tail no.

I

. py al no ) :
Addi t i oratenaase inbermation, v elerarnt ideoRfipaiion dajfe i elsoaent serbificaRomnsi) elemaenger s,

asset QyRaficnal GRERati S TRd vilp @l eidnP AHint SRR TRRBEMbAGITS gOtﬁéldty%EHO BP ik
equi pnrent itens. Qther 'types of elenents are also possible. ltiple

el ementixforeatiopard denpossibéel and |inked to a given asset. [0052] Link

i nf or ' i e Lntlve:] N Lat-eqd et h ' For | e,
) O B3 o e PSR s B AR i SR SRO iR hbollafin] (ier B o PR
oper at iadedr tagfldrmray imoiydd w)y asmbinatiomiofi tlen saxdmasi tybes ool ivjormatioent

i dentifi,cat.ion data, Vi | ement. certi.fication, vil),elenent, operat.i onal
o7 o rifentice e 0ipiamts dne BRI infiFd oA Dot b RS Ruhet, B 11 ik
| nf Or Matér@d afd” BetBetE® ROBSEMath b oklar, Rhe Toammeds | GAR  hdieéheRdichfad ei t her

the tracking informati on server 14 or the
automafically.

[0054]  Thetracking 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 resolving algorithin generates’ XYZ data repfesenting latitude,
longitude, and altitude (requiring position and time data from at least four GPS satellites) or XY
data representing latitude and lon gituﬁe (requiring position and time data from at least three GPS
satellites) in the same manner as described above for the resolving algorithm in the tracker tag
12. This permits resolution of the XYZ data in either the tracker tag 12 or the tracking
information server 14 depending on the preferences of the user ahd/or tracking information
service provider. The algorithm also generates time data associated with XYZ or XY data. Ifthe
resolution algorithm is performed by the tracker tag 12, it is unnecessary to perform it again in
the tracking information server 14. Conversely, if the resolution algorithm is not performed by
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tracker tag 12 may include any conbination of the various types of control
I nformation. Likew se, the conmands are typically included in the

pr ogr ammggb toasbIaes i ons so that, as certain events arepdBUSDILOI4a5 as
certain sequences occur, the commands can be comuni cated automatically.

osol vAEABER e S SR RaRE] Yier A AR O PR, P halhk T o

and ti irfostiadtipnisaxvet i thayrintlhée a alati deedmpresion poressnd decomprtsd eompressed
resol vi ng, al gori.t hm gener ates XYZ dat epresentjng J.atitud | ongi.t ude,
nda) BRTRET PO R A s ErORIsDS: THEPHAEE TP POPeD e gy ot
sat el | bi@gptical an GecHiBtion pRIEQSS MirisBehréPédritiGicaivhs anoihk whekdrtaa12.r ARY
position and tinme data fromat |east three GPS_  satellites) .in the sane

manner aaheraliemalivy thBadkmginformation SeTves HYmay desindethe dsciyhtion prEREMOt ag
12.  Thigse DIatis o8 853Lbb@RoPind fihe MIE lileisiiBne her the tracker tag 12 or
i n

the tracking ormation server 14 depending on the preferences of the user
and/ or [Q05&E ki ritheitrationgitfornmtion eetwiode2 pmayimpdement ey eoimgjoritionof wirslessgader at es
time data.associ at Wi Z.-orXY,.data. lfthe .r tion algorithmis

per f or db§§/UI R gﬁaioc é‘% é%)glf%, Slflfa%%s %?Jrn r?glélg}s%s%cragg%o LY8y 19 (28BN in

t he tr ddenigion3éoen Bt araiths efonétbridg devwe B refeyably, fcoinfreini @siohsbdt@aenathgor i t hm

i's not rrformed b 13 WO, 2005( 022292 PCTf US200410140 the tracker tag
12, thggﬁ?%%w?%m_ﬁre%?tﬁfaﬂﬁ %?53% RS E 4 wﬁwzeea_éhear.ac g

t racki Rformhdtol hBRIrOD0 SEY tHE mohftoARY ddvikel 200ee BbillBY ¥ide RNRNES SO Qe ess to
deconpress conpressed _ conbined position and tine data transm ssions, The

tracki AYRMYRisAtensiteRy wiselowrorbothmey bawirglees. Like thedetanemmueniertionystyask

L Catd ' - th
B ver b YarlRGE HIEHRARITRNNGR PRy B oTbublE pRARTES! plifle hemof pr 380 150
pr oc es somhbinafi@oofippblicael privataarebivordsl Aogich thenetwdritsiidentidizt abovednsthe dataons.

[ 0055] The tracking infarmtion.network . i mpl emept _any. conbi i on of

L v or ceunnicaft il B Ry R0 o TnbBtafed s B R B ma R AARE 2t Tone

bet weeNotdbdy, tth@ GKékigg irlfointHtiTatnedRokeZ/ By Idcladeihe atefn] which 19 actewile 22.

Pref erably, comuni cations between the tracking inf &gm&tiqn net work 20 and
C¢

the tr HERIgRgeach phgERaI g FosERAFAtiDN SYstEmp epiias 4 & keelgng mipErian on

net wor bdRbduREt ' Hofi bk ] i t her of
t hese Bg@ﬁ%@%ﬁﬁ %E@Q%yw rgl g%g&gpﬁ%%%%my beel:3 gﬁ%@&&?%g&?ﬁghdata
communiveckin®systes nswkrk. 18, the tracking informati on network 20 may be a

public r a prjvate network r .combi patd on _of puhlic .and private
het vor KE36he. <TheindtilolBkBehEs 12 o Mot aviEp Bl o bl B o Fon
net wor lsadingiyoriation SdvértglafdeiRphshnignhd ekingdaformgtion) fRoe sRinhsie apeisamil k.  20.
Not ably, the trackjng informtion nl%i rk.20 .may include the Inqﬁe.neq&, whi ch
i s accEYBPHFE 2 pole CERHCH A PHEC Y%@ta&@ﬁ'?ﬁ Latdi BHOES PERED _déﬁf fied

above. aditearlck aclelimdr feRbR6ERE kAR litdEleMIRINK, a3fdg@ 6k ahl 8thedAdAtab R ATl Skt N
network 18 may be |inked together formng a connon .
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 Internet is not required for communications between
the monitoring device 22 and the tracking information server 14. Other alternatives include
communications through a private network or one-to-one dial-up-type connections through a
public network.

[0057]  The optional communication path between the tracker tag 12 and the asset 16 or the
transport vehicle associated with the asset 16 may be implemented via any suitable wire line or
wireless communication technology. For example, the tracker tag 12 may include an interface to
any type of suitable communication network or communication port associated with the asset 16

or the transport vehicle. For example, the communication network or communication port may
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tracki ng system network. [0056] The nonitoring device 22 is any type of
device suitable for communicating wiwth the tracking information server 14
and di spmayzmgotdae2 tracki ng i nformati on. For exanpl e, apergsmed/oi4esnputer, a
not ebook conputer, a personal digital assistance, a wreless personal

digita %%%rﬁ ' pager,

or anyim @?h%ﬁaﬁgpﬁs 8?%&&%{&8%%%(3%% éra yi,lyt%g Prac%pﬁ@h?ﬁor’mt i on
ser verum&eqsalcsenaiéms (Iﬁ&Bkﬁtwg) Eﬂl&men(tetg JEEZiSA2 3 (Wirk lige), VERE Sﬁbmhemr@ehs) o the

I nt er net swlg,l bI e ur| ty measures. Accordingly, the nonitoring device
22 prgr’fcg’r%{  the Internet for receivi ng the tracking

i nfor rrglosep arWhﬂaEIG qrdepg:ts aEackipnystah 10RataRehckdritiye 2and ofdRomfitbing C
| ntern is_not required for co ni catl ns hetween. the m)nltorl gﬂdew ce

22 andg?‘H%e 2Eathg; %Yé'ﬂ%f’?ﬁ t5%pandsd g cinclude neylfple tracker fagsiapdlori my
commu ”hﬁ%ﬁtbﬂﬁ%dév'iﬁe@ ughe @fn%mtu%cm&yga raﬁm% aﬁé%?fotrﬁorﬁﬁ?nﬂltﬂ:lle 4Rzt Y as

connecti ons rough a publitc networKk 57] The opti onal commuini cat i on
pat h betlgeleof aitseaft eoadkeirboragaitaihntse h’ém#aé@ mp@itering ﬁ@ncetsraélnwpmdhm&ehu cle

55001 SLedirkllublen A5 PACIRIDS LB BURN o KL S A2} BlRs WhES | e

ess’ conmuni ca exanpl é 2 may
i ncI udassaclaiedtvaﬂlfthe edrzo, asasrejll asyzpees afsocintet abﬂh@mmmmmiem,ahé ailfcrm&ﬁxm)ptkmpr

comuni cat i o % t asso& ated with the asset or the ansport V%QI cle.
o oxEBRORER e GRRECATEOH: MR PR EE AR esd o P Esas o

2005/ OghibBde RaditdrS2E0AA0hARRE mbifib:@Eddvidea Prowded ¥ RESbRtiSe bF addigsndpar al | el
buses (e.g., controller area network (CAN) bus, universal serial bus (USB),

etc.), S‘E’Pﬁéfl’snet (e.g., IEEE 802.3 (wire line), |EEE 802.11 (wireless),

etc n
syst)enm% ﬁn??rgﬁiéﬁt)?’acker g"ﬂ%ﬂ;’tﬂ% g%]vgy\fry&%iﬁ?l%:glﬁ;ine{bm_gw caﬁi&é?{ t%%!sygtem
can beitengyaredisiribwed mnbmgmul’hplletfaghees mvlaic@voﬂcecy@gahdi Frefanablyi, fledrackingi t or i ng
asset stumAiofee 1iBa By iR syt Hosdl, Brtiiher olBmfke Bhstf ©

mul ti phlﬁ:hrmmnfaﬁbcbmgpmi%nﬁeﬁaahipGWBedrpllhtfbMe users to nonitor an asset. For
exanpl

car craft n. be ni.t ored_by varioqus users ociated with
t he ca‘f@é Fefeencrio FdC % 28 embp P ?ﬁﬁ%l??@?#&?lﬁ%m@ﬂ@ weﬁlépfr Paft
fuel pHH&cer’B%”}Pf ﬂfét&ﬁ&!n ﬁﬁmﬁl@ﬂlw&tldﬁﬁ{%%{ 16%@&&1{%@%&9@%@ ory
agenci es. course use of both nultiple tracker tags and multip

moni t oﬁPﬁgﬁat?éhﬁﬁ cesstgllagion @ésmalrsbumlsw&lht@mr@fellaﬂm 28, candridiuse éatalhteef%STl[J 0059]
Prefer rﬂig&% S ragﬁﬁﬁtg_ |
facili ?@‘L'%%%\Q\%grs [ Qﬂhj}@%@ é@g t%ﬁﬁét&%%n‘%aﬁg%u aci Iﬁ:{ I'es and
net wor kagdl1 2, ageekingr infd?refien abdver 14 hassefr hﬁ;kﬂmgtoringfdwnw EnargleGPBrsafellites a
ground- ba ot her pes | atfornms are possible, such as
on ot BOPRAPL e B oS beh IS aeferbReR o
[0061] 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 communicatioﬁs). 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 by the Iridium satellite constellation 28, the Iridium
satellite/PSTN gateway 30, and the PSTN 32,

[0062] In the embodiment being described, the tracking information network 20 (FIG. 1) is
provided by a satellite telephone system and the Internet 36. As shown, the preferred satellite

telephone system is the Iridium telephone sysfem. However, other satellite telep]ione systems
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[0060] Wth reference to FIG 2, an enbodi nent of a global tracking system
26 includes the tracker tag 12, the tracking information server 14, the
asset 16wdn65/¢jmmg'ztori ng device 22, the GPS satellite rmgseddimsozen 24, an
Iridiumsatellite constellation 28, an Iridiumsatellite/ PSTN gateway 30,
aPSTN | I el 6. The
trac ke‘?lgt ]%rgﬁdfgio% irjéz;gg%l D+a fagsﬁomat | egl??/dglﬂ%{@ %%%Mggﬁn%?ﬁor |°ﬁg devi ce
22, ansjae%ﬁal?.gatthé tradkéng Mmtaﬁbhaéﬂ\mk%(ﬁl@ 133s previied bydhaholienisatellité er ence

to FIG 1. .[006 Joba nentatjon qf the.t cki system 26 is
provi d‘?&’s%yl‘térﬂ%% éﬁA ﬂ@ﬂ%ﬁ?@&?‘?@ﬁ“ﬂ@t&ﬂﬁw %é ?Iglt&?@ ayt racki ng
i nf or NWOEIIN Nedvldl léo%}agefdt%e thickeh@ak 1R kestréito the Qbélis pa@vmeaw tHel Iriflium

wor | dw de,_communi catigns). _ The data communicati on network 18 FI G 1% is

provi detelbte systemt bikemise, gl@b@ﬁﬁ%ﬁ%%t@%w#ﬁn@m@amw Spbseriberiligpssre
net wor fge m%?utﬁﬂﬂgr’]ﬁewﬁ{:lg édr%@é’ ﬁ{a it lshtbfife %#eﬁf’l'lﬁ@ﬁ addiSibRMNendolifafent 1 di um

t el ephone syste I'tte telephone systens that provide
gl obal ofsglelyad trecking systean 1£§Obaip¢c@ssenne&tsqmmdttﬂletrgblgnainf@mmﬁhnngfwos&m em 26.

The pr r ed terr SL L tel ephone networnKk .. PSTN her
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Ispgag! fﬂheaﬂat:MlngﬁJ{IBrIﬂﬁi(mt sewarrul I tmvdﬁleltb@damebm:rdmchﬂoﬁ Eft@iorﬁt).S pﬁavﬁxll\ci@\gllmiﬂﬂ bysg he
ridiumsatellite ¢ ns ellatl o ri m _sate Ite eway

and t HEYPBER Gonverig 2] &) ok CEE SubbamRe sich FadeRE Ry alnee R R ng

i nf or Nt h&N rQRENE khe? AafaF bbmmbhidaBon me@afmie@s bm@ Spt &lak! inepmﬁlsﬁpama@ system

and. the Interhet 36. As shown, the preferred satellite "telephone systemis
the | recxnmmvseionsietwerks fhat aravidagasions! or dnoabirackinenfithe esselovkiliba adgeg ens 15

WO 200! cdvddiceProvi de gl obal coverage may al so be

I mpl en@é&%a?% ?ﬁ%@gfﬁﬂﬁé%@ng Sy fem 26. More specifically, the

t r acki jf©§64Inf orViiih refercnext tevdilia. 20th¢ PGS, safidlite sopsteliatide @4 hycludss multipieuER S
satelllgih cg(zt Ll atio , the Iridiumsatellite/lInternet gateway 34, and
the | ntRFHEs 2% %f obal coverage of the tracker tag 12 secured to the

asset [0B6§) OViwigs réwrehébetolmaduuﬁ‘e [editRl satellee SYStElMtiok 2B aMEI8Ges 66l [ekRim access
to the tracking information by a subscriber/client user at the _nonitoring

devi cesatallites &8G erbiingEartha7jin jaw Earhsrbi (1 EQbatay svaage alitudn obthfi miles{q70
enbodi I%E tThe%d?mQéa?aﬂ{es Qg@ﬁ@m%gﬁ @%&tb?ﬁi‘ pléﬁes %‘ﬂpéllavéﬁc(? ?)Ss%téllﬁegﬁér oftiyi red,

t he traacking 1 nformation networ | eent
comunplent. i Withinghewidiemshiatitpsysteny élerla@wnmtelbtes B&Qmmmsts with Inﬂhm

t Ki f t 14 vvh I

or ovi ECeh R el Pt PGy Pl AP TAVAS Eiso B BB 18F St ) o

t racki wﬁgilgsﬁ(ﬁgﬁphonié syteping las ltureﬂcdslt gugev;ays toahie freeret eldotabb»e wiltht %e d?ugnﬂ.:a:nl cati gn
net wor may._.l enen er COHﬂUnIC IrKs rovi de
r egi onBAteRYs R dl‘%‘""l‘ ae%%% Wé”%é%?etmcé Ptr?l‘é‘ @@Q w r‘f?g‘“ter (F;n

net Wor kgt QinB TRNHILE Serdi ceP Bl eraBY BIRGS - safelR6 4¥stdfh take %%férﬂeequﬁﬁmlzbﬁienﬁe the

GPS saItflcllte constellation 24 includes miltiple

[0066] With reference to FIG. 5, the altltudc of exemplary data communication satellite
coﬁstellation orbits are illustrated, The Iridium satellite constellation 28, an Orbcomm satellite
constellation 40, a Teledesic satellite constellation 41 , a Globalstar satellite constellation 42, and
a Skybridge satellite constellation 43 orbit Earth 37 at LOE. A Concordia satellite constellation
44, an Orblink satellite constellation 45, and an ICO satellite constellation orbit at a medium
Earth orbit (MEQ). A NAVSTAR GPS satellite constellation 38 and a Glonass satellité
constellation 39 orbit Earth at a higher altitude.

[0067]  FIG. 5 illustrates various orbital altitudes for satellite constellations that may be used
in conjunction with concepts of the present patent application. By use of one or more of these

satellite systems, the intended operations are obtained as discussed herein.
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satellites 240 orbiting Earth 37. [0065] Wth reference to FIG 4, the
Iridiumsatellite constellation 28 includes 66 Iridium satellites 280

or bi ti ng VAaRqQos/03292 n | ow Earth orbit (LEO at an aver ageCeuS2aaozsf 420
mles (670 kn). The Iridiumsatellites 280 lie in six (6) orbital planes,
with el (1 ' : ' 1a)) Sy i b O tellite
Systeml R | PARGEREGILIFHIOH, JE5R, babodieGr it tadlifls fifem 100 ¢
(i.e., flomgifoon e @isstellide 240 tovibe tvagker tagi Psin thedsgpatléfags atgsnerelravertioni al

ot er nef SR Do OB IR B h e Bed Pl YENR AP R, 1 e

i s an [rdieneatellite/PET0Egpewny 2&r (1 SP). Worl dwi de voice, data, and Internet

servic er L ridi satellite system ar ovi ded..by lridiumSatellite
e OB W periicalit g e P il op i arelly whiiet
comunitgatdefds Sad BifbintRionGONS ERuh@kiafon, 0ol fusther Bsd s svhalrages Thellitdsi di.um
satellite constellation 28, an Orbconmm satellite constellation 40, a

Tel eded¥eviding sfpimationdnshetrackei8d 41, a G obal star satellite constellation
42, an SKyf: 4 lerenC At 3 orpi.t t: t . A
Concor 39%7% ate Il#lglgfeg%%tsetq éIP:Igf ?bﬁp%g%’d%ﬁh%%ﬁgn cggttggﬁ?tlgd%geriat %C%V%t i on
45, andoeme MEDcamesidn medulerdt eldatat Goormuanidritiond inkad Syeddd ardataEanquisitontzng  ( MEO) .
A NAVSTAR GPS sa&ugl I%')t constellation 38 and a ﬁ&% ass . atEI Ijgle

const ePFAETE B 7+ TREFGTE Sourse FASRBYrIPY POgHtes [1’6‘6’6‘%“ PECADOFRT st ¢ at es
var i ousheatad dordmeitationdBgk 48@hd gidata dcipdsition shdprosdssid g nddarR4INEYs bentised i n
conjunction wth Eoncepts .of th& prfsent pat ent appl iﬁg# on. By.use qQf one
or nor dhefacketeg 1240 pperpteindepsudent ot cxterpal AR JCEh of 2R $ A HSHIBHSi ned as

i sous gastcheieiniiud 80 W0 AN0R/ 4247220 RETH LEPAAL L ARAS G QRERkeAbETCS! er ence

to FIG_ 6, in one enbodiment” o é tracking system 10, GPS data flows from
t he GP$) wathin lineof sitaof the traskentpatk end ¢qmapings tharavh &P§pwsttiongnd timg datafogener al

e | o AEbE o] Al By s o A losh Bl b B0 01 oY

FI G 6 Perdataxachaisitionnot psocedsatg hidulé 4eleetivdlp gommndeatdaitha combiaed pasitibaum

satel lite whi i rn sends t.his.i mati.on to a. gr.oun atian,. and

£ or ¢ herng it ndng G4k CoBEhERehoh Frt . T A oy i SRR 2 Be Ry T acker
tag. [ GRAhitGE BorhiBined 860 andile dafa todRe ©AIRAH iMRHNafbn SertéraaiEIG.URGal2

I ncludes a power source and conversjion mpdul e 47, ~.a data caonmmunication |ink
48, andhedaiacemengisrden newosnds (FCodesThadatasemmemigtionfiak 4§k tsefivese and
conver %b%daﬂtﬂgga goxf%l REBMh AR ﬁé:ﬁﬁ{ercj&aféﬂngﬁﬁ%ﬁﬁaﬁ&: sk 133&%?%“' cation

link 48 an ata acquisition and processing nodu _ s permits the
trackerf0@7%g 12Intthe spodineent hdmgalesibed othe grwer paircp avk corsosigenodaind7dat a

acaul ¢ o 1 oPLAGESS] 9 MBI 6o 2 Eh Rk Sl Hnh SORLYAR SRRl blegnd 11 e
charger 56. The power source 50 provides power to the power distribution module 54. The

power source 50 may include any combination of a piezoelectric power generator, a solar
collector panel 86 (FIG. 8), and a primary battery, as well as other types of suitable power
sources. The power distribution module 54 conditions the power so that suitable power is
provided to the various components of the tracker tag 12. The power distribution module 54
distributes power to the battery charger 56, data communication link 48, and data acquisition and
processing module 49. The battery charger 56 selectively applies charge current to the backup
battery 52. For example, when power from the power source is low, the battery charger 56 may
not apply the charge current. The backup battery 52 selectively provides power to the power
distribution module 54. For example, when power from the power source is suitable, the backup
battery 52 may not provide power to the power distribution module 54.

{0072]  Inthe embodiment being described, the data communication link 48 includes an RF

antenna 58, a radio transceiver 60, and an encryption/decryption process 62. The radio
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3) within line of site of the tracker tag 12 and conbi nes the raw GPS
position and time data to form conbined position and tinme data and

sel ecti veloyzes/onze® t he conbi ned position and time dat a.PCIVh2004013025

acqui sition and processi ng nodul e 49 sel ectively comuni cates the conbi ned
00Si t i : . : - ' _
Cormun{ et 40 44 RSl BN A ) G A e A R I L 1 e
dat a t tackieg infarglaiion serménh@iGol) Wedate corirhupiierin fAgtworlal8 (FIE. ikt Bhe RF

comruni gat i rk_18 (.Fl . nicati.on link 48 o]
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sour ce andﬁco ve&/giogﬁ nord]]ulaem(j7 )ei ncl udes att ower dggﬁrc.e 0, Og 1b cktgg
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power $PUrGE eabryplioYHERSpIRAVEoct® 62NBaP eNRYPLCHIB téhRithi@RorPRAULE tadiind he

power source 50 may include anﬁ conbi nation of a piezoelectric power

gener atBermatios s¢ryer 14casd|dsenypt alpeqmamumeations Gomgthe traplking infeimpatiop seraen vy, as

. . _ ] ; A
rodul o LRSI YBE Safl B A YR BN il BOMEEy 1 EEEET, |
var i oupositborpaddinthedath trahanitted dkthe ttaglgng hiforfrediopeesyver td.st ri buti on nodul e 54

distri p r to the battery charger .56, data co nication Link 48, and
it o nHTRD; PR He RO st et sl B 488 ae B  Baf PR PR ns ot o
aﬁl ect iﬂéﬁidﬁ? AOPEiagfentdeq, QGRS et EiRer GSFaﬁ étﬁfirﬁﬁﬁlgﬂiﬁl sdnaérteﬁc Hc&ﬁﬁoé g@ﬁceesvarrpl e,

en po r romtne ower source_ls w., the attery c ar ger .y not
appl y B eqnaoger @ HheePS enienmadand & fespiyesy ?&%UFIW\IE‘F%"%O&WPH &ad hover
to theypRWala frohh @PS@E&H%&%%WF‘I@.%) hin TRl 0@ HAI BT Ks triMReNta R PYelhelcbRIipe pPower

source Is suitable, the backup battery 52 may not provide power to the
power 68 sembines themawnsiisl rosBinn gngGineg datmta feemdhrebined pordiioryanddies daded, t he

dat i’ . : ) _ e : ;
00, - anfrEleitbly-hoick Mo Chbitel H05foR dall ey B "I oo iLP SR ASISHANAE 0 05"
PCTI US26amuflitdie? the cormbirsdqiogition@8d sing deifa ta tiicedumachdBmaalceiidn lndt 48.t ransmit t he

conbi n sitjion and tine data, o the - tracking infarmation server 14 (FIG
Ty aT0aBE° c P Bsaestelsertn ok proR L Pl epe etk B SRS MM adi o
t ranscgp ely ek $e (0R GRONéCactS BIRIHLraN g S NinkRbnihBtal 5etsb:086 inchidel,Nor
tracking information server 14 (FIG_ 1). The encrgptlon/ decryption process

62 i s SpMInAaR aereieromalpr shrmyponmartpleengE 66 sensesivipretipp andiprozigesvihiatian i on
trans ”He%sgﬂelﬁénﬁ il \é&&aﬂér k8 ThE RGHRILet @&n%érﬁ]ﬂ%rﬁ@&{ HRAPDALECEMRT | ON

process may encrypt all communi catlons t e tracking 1 nfornation
ser ver predetanuined threghvldsltd detenhvariovatyipenef évenis. t For exampld, nging tifeovibmtipon

14, A ' iop/d ' 2
it eBeaE SR combO g s it bR e Benin bR R AR €5 (e
t racki (®IG. n§,ai)sBitdown A e povie plafiOifip btattrof ievepiehOol filenksahaiNeessitids lof bed,

the data acquisjtion and processing mpdul e 49  ingludes a GPS antenna 64, a
GPS r eB¥NEBFLGY the, 355 SRREIE AP g AOGIETatoT 6 e ASS oL B) GFessIve

decrease in acceleration of the asset. Typically, the controller 68 selectively stores detected event

data along with associated combined position and time data and may include detected event data
in subsequent transmission of the combined position and time data. The environmental sensor 66
may also sense other types of environmental conditions. For example, the environmental sensor
may also include one or more temperature sensors, one or more strain gauges, and one or more
other type of environmental sensor to sense, for example, voltages, pressures, electric fields (e-
fields), and other quantifiable parameters. The environmental sensor 66 represents any
combination of one or more of any type of sensor. ‘

[0075]  Any sensor can be used by the controller 68 to detect an event and subsequently
change operation of the tracker tag 12. Similarly, the controller68 can use the position and time -
data from the GPS satellites 240 to detect events associated with time and/or location and
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and a controller 68. The GPS antenna 64 and GPS receiver 65 selectively
receive position and tine data from GPS satellites 240 (FIG 3) wthin |line
of site WfO20080222%cker tag 12. The controller 68 conbi HEEUSI0e4/01a685GPS
position and time data to formthe conbi ned position and time data and
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contro%iagr@;anégé% e,clttri s_tltl::gitéjlg of a pg%ﬁagﬁésga% a%edrgv%%}hﬁ%étae asset
16 ( FR@e dga, aop)begiy gy ecombmdnﬂs , and; ime -t For exampd ¢ of the
asset, .| ' : ' ' in
accel e ?%I%Qlocl)l %F g? @ﬁ%ﬂgés){shg t&ﬁ%}éﬁ?ﬁ% fl% %egé es gﬁ@ﬂgﬁdﬁtgﬁ%‘%ﬁﬁ%ﬁ%@%@ ?Jgé g?%%g n of

t he assteting Jyphioed positicniaad tiore datd when 6 aiserhibtakesodt, pegin tramsnitizigeombiied event
data along W th. associ at ed conbi.ned. sition and ti dat a_an . incl ude
ot oct B R R RoE 1 R g SRR B P oy B it i s s R ERinkd o o
time dpérod P eings) \Heghn flanimittiseagsh ®hen MRy aitraf SRSEnd®E NAbulenRE Ssteh

envi ronnent.al] conditjons. For exanpl.e envi ronpent al . sensor . y al so

h
i ncl udEaRTREtEE agRnatics apesdsiammn éﬁ%ﬁlg? iBesteR TGP RIS wdjigesdatand one

or nor %he&ih@%&m%ﬁ@%p?fno%&g,%éﬁﬁﬁéﬂsﬁﬁ i Eﬂgﬂiwhéhhiﬁ%ﬁ&aﬁ QtB?S zﬁé‘iﬁﬁg,'aﬁd styp! t ages,

pressures, electric fielo e- fields), and other quantitiabl e paraneters.

The entipssrtingtdiensalibeostord qoapbinsdaesisionayd tiperdstania tiapsmidedone or nore of
t ' . 8t
ot ect 077, o ot bniraI H413% o osBBiBha 580 dBS ol B Yl et B8, °

Si m | atrhgker tdpelZ ofthe abhtes]. &Biwall umebd ey pypeidfiswitchra dontrel sultable for @ t he

GPS satel ljtes 240 det ect, events associ at.ed. w t i e _and/ or, | acati on and
T6 o BUTEO SImEs pEe CRSnD Aetits 035 Teaenan Eion itk epnRp eds e
oper at hewer siybice AVEEonveR R iEGTHE ME A RAS dtarBip sefiGationBF tibdoatrbBdevided@nsibt ted to

the tracking informatjon server 14 (FILG 1) it may al so include sensor data
from BeWeISEHEsPA isenabled and thegontoles 68 beginker ondgdy pPowerii seduencar Pporiat ect ed

event 1@0@&&&&5@1%;&%&%119%8 ﬁg@@%&@é Hotdd¥en %E&g&ﬁée%d?ﬁ‘i dultiRe dat a.

[0076] The contro 68 may use tected event t eterm ne whet her or
not t htimey disdbdes thagowaXouteed0d begi n recei ving the position and tinme data,

begin | Ng & conbi.ned, pasi tjon.,an ti ata,.a begin transmtting

the col Rba sbdfs PRGN PaRe defanai e ol & et Kb el "Bt can

cause idgagtrdeeicer72, amdlah toxiiegi mpudosputi (gOpPpeitt74Hn Hrdploceseorddd ds amd begi n

stori ng, cor ned, pesiLl gk and. 1 g Sata, when Lhe, BTerAll oL aksh, Glle. oot
device 72, auxiliary I/O port 74, and data communication link 48. The storage device 72 includes

a data buffer 76, a tracker tag identification data 78, and a tag profile 79. The processor 70

receives position and time data from the GPS feceiver 65. The processor 70 combines the raw
GPS position and time data to form the combined position and time data and selectively stores
the combined position and time data in the data buffer 76. The processor 70 selectively
communicates the combined position and time data from the data buffer 76 to the data
communication link 48, '
[0079]  Theprocessor 70 may include the resolving algorithm described above in reference to
FIG. 1. When using the resolving algorithm, the processor 70 may temporarily store the
combined position and time data while generating the XYZ or XY data and associated time data.
Once the XYZ or XY data and associated time data is generated it i_s stored in the data buffer 76
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position and tinme data when the aircraft begins to nove, stop transmtting
after a predetermned period of tine, begin transmtting again when the
ai r cr af tweygoesrozemees turbul ence, stop transmtting ag®OT/EH20@1014025
predeterm ned period of time, stop receiving position and tine data when

t he aif.gr : ' - FRYE u%r%ii st ops
novi ng%n(aatﬁéggﬁ%gggé%%ﬁam@? F %ﬁ%ﬁl\%ﬁtgﬁga «i[a%de@g’t ed ﬁ?\éﬁanglﬁa R{en%ggggsﬁh? I:i %Jrﬁ& and

ti me dahedits comanmivateddd the &y Fdmilnmicetbort link 4&fmeludes B2 X¥Z opXtbdath amhd

provi des_ far n .st.art and tdaown_of . 1h racker tag 12. The control
devi ceaséofl%%gﬁlg%%%ﬁt?ﬁieo e?\ﬁ@?gpﬁﬂg ﬁ?dr%ﬁngélﬁtltat able for its intended
pU(r]I p0ﬁ[®080]he m&reﬁirirdiﬁwgm sérfsot 66 Esrh‘nqﬂmml &djglid p&bc&bﬁcﬁﬂﬂ&d&e@@ﬁbh@ﬂt@ﬁ 68 f
and the power souyrce and conversjon nodul e : on.a startup. actjvation o
the CoRBIBR LB CEPTBOR PGSBS DE Sif Cerabien seiser, %@P@ﬁ@%&%ﬁ_@d@sﬂ@ﬁm ler 68
begi n Péls SHSIhNRAWDy tHPvSRANIAES ty]dd 8P séhsors Q%.ﬂ%éﬁ%bﬁ%‘aﬁﬂ%ltéé&?

controllTer 68 begl ns an orderly shut‘down sequence at a suitable tine,

di sabl @essuriee r Theprecsssu 70[morek the XieooRl slataiordetess pidjtiorat everted, t he

contr 8.1 S r S | d
auxi | iol]aeira?% %phbte?%d i pglt Oi?%%) a%%%'r tS'PEie 45%%%%?%%&2%%?39 %é ?gylz ﬁdr %gn%:wn |toc ation
wi t h tireddiRBinelfYYer X6bcooedinate lineid ddtect eertsdn evififs. Fordxaniplatheipoeesdr

R T s L B B T
i dent i ihi @3 tgr@amatet &f o BazaddiwhsaartdvpiDhiHagardSus dieg VY CL QT poifk, vi)eged ves

position and tine data fromthe GPS receiver 65. The processor 70 conbi nes

the r adfstigghisnpwid) Aff 6R1rae FUIpineamE Bahstewy spndiion i BrIfEEnpas PLISHIRAY ti ne
dala a0RIRRReRS LR ¥ AAL Efssi vl fosk UG, ARPLIIABIARE cklciBivd flckaidid he dat a

buf fer” 76. The processor /0 sel ect y ¢o I cates” the conbined position
and t i albtudatxdii)fexperienhiag dacxpestefifstappage ensigiifcatd shw dommenixdigtaxoeedinigrk 48.

0079 0 SQL 4:0F i NGl resol vi orithm descri bed above
i[n re%sé’;ggnrcegfricggg'Fggiha%}ﬂméﬁ%gg?%gm@E‘Zen}se%gfﬂé? gsélg‘orithm t he processor
70 may[00BHpor dyplcyilgt theeprgh@sozc Ooichetvelp Sstdrto rale&ntg:dt ¢veRt Gﬂataaalndgfg Ivei\t{hz oy
generating the XYZ or XY data and asspociated tine data, ce the or
et M A R O L o M GBS S R T
76 19 YQ52000/HRARY anPSHihbBR0MA YRR soME HitR pBSIEER BRDAME RIS @D

positiion and tine data is purged. The conbined position and tine data

comurivketherprngt thedragker sagc Bldchaginieceiviag thegpgsiiian raddimedatacpioring they dat a
d g Y - | et ATEES , -
and o Rfhe Bkt e st 8! SR Aokl B CERHBOP bLBn AR he'Badl2 2

[ 0080 envi ronnent al sensor npl enmen e processor 70
det ect AddiHenadlypatystypasSistictdestenican by inbheed ortherradangmortstiby ptovieditdr at i on

sensor_descri.ped.above [or other, ty easurenents by the various
ot her tpﬁﬁ‘é ¢ ?ergcgﬁgtoqsgr%?&?eemp c@?ﬂ?e(}eﬂ%&g%g‘%r]gfn vol tage, pressure,
e-fi el @ps2]The MEOs@s&esr 70 @Bdivess eotbrndYahdotonké] dafamiationlef@at thaddhitd i onal

event s ) .
communication link 48. In one embodiment, the processor 70 receives command and control

information by logging in fo a messaging system (e.g., an e-mail system such as a point-of-
presence 3 (POP3) e-mail server, a text messaging system, etc.) and retrieving a message to an
address associated with the tracker tag 12. In this embodiment, the command and control
information is included in a message from the tracking information server 14 (FIG. 1). The
message having been created by an authorized user of the monitoring device 22 (FIG. 1). The
messaging system may be within the tracking information server 14 (FIG. 1) or through an
independent e-mail service provider. The information stored in the tag profile 79 may be
predetermined and may be provided in control information. Alternatively, the tag profile 79 may
be predetermined and permanently resident in the storage device 72. In another alternative, the
tag profile 70, or certain information within the tag profile 70, may be configured and/or edited
during operation of the tracker tag 12.
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related to the position of the asset. The processor 70 conpares the XYZ or
XY data to predeterm ned XYZ or XY coordinate limts to detect certain

events. Qay200xedrpde, the processor 70 may detect when ROWEUSR0SENI4028 i) in
the proximty of a restricted area, ii) in arestricted area, iii) in the

pr ;)X' Nidog3Pf @gﬁ@&%&‘% %gﬁa%es' dada &&S&Aamwﬂmm%ﬁgmﬁ)mﬁm%emywoi nt,

a ‘destination course, Viil) nearin stres

condi t(Ftiﬁ l)bmcoekp&ngm@nﬂga cambﬂxgﬂd Positien sndwmdatusonmnmcewéérongimdatg
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device 72. I n another alternative, the tag roflle 70, or certain
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[0083] e pr oce sor age transmssions-to t Ki ng
i nf or neceived yer therdatal cofifu@ication mptvaskt rypicably, teeprotéseor ddrimaiatdingdbe t i on
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trans rrmsmaﬁrlddgmanmmp& asthledanyisvieh biRpis reveivad ¥inhp dath chheebatibmed
position ag%ﬁi g@ osita to accunulate in the data buffer 76. This maybe
based BfiW ﬂ: ontrol information, and/or

[0085] The auxiliary /O port 74 is optional and provides a port for directly connecting a

(

computer device to the tracker tag 12. The computer device, for example, can be used to perform
tracker tag maintenance or to download combined position and time data from thé data buffer 76.
The computer device ﬁxay be a personal computer, a notebook computer, a personal digital
assistance, or a similar device.

[0086] With reference to FIG. 8-10, one embodiment of the tracker tag 12 has a teardrop-
shaped housing 80. Two air movement power/fan tubes 82 with power airflow levers 84 inside a
portion of the tubes are provided in the housing 80. A solar collector panel 86 is secured to the
top of the housing 80. The power airflow levers 84 and the solar collector panel 86 generate
power and act as supplemental power sources 50 (FIG. 7). Airflow 90 perpendicular to the
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the tag profile 79. The processor 70 encodes each transm ssion burst with

tracker tag identification data 78 so that the tracking information server
14 can aweaotsarethe data transmtted wth the appropPCafus2trmcioes tag 12.
Event data is typically stored in the data buffer 76. A transm ssion burst

may a'l%&iiﬁ%‘%degg%g o?tﬁge(}agggﬁstgg ?f%%@&%&?%%e? ﬂsw@w&gmg X Ghiblefidnad time
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Wi th edcflow 98 RARShE Gibe) biesttical Holwler isdgEnaeledo Woe dddiEblal @bweesRide] a &flat he
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di r ectier GARRSSE 118 1R o%m&é'éanq%‘éh?&si]bﬁrﬁd&ﬁletéﬁatgi‘@.rﬂtvg%i&am trhBer ¢TPUL er

device, for exanple, can be used to perform tracker tag naintenance or to
downl d2do ssHts avsgstaniinerasion afithetiapier thet d'hebeitery maydgtseledtinelerectraged byhe
conput er Vi (o} A er sonal
i gr 1 afie AR AL pOFe PRSP e pr GRS Sl i R 7R e o

8- 10, aineeaficdbadidmeshiicle for tatertiafictser trickingl thftvasationtsesved 11 FIGhBpadotheusi ng

80. Two air, engnt wer/fan tubes_82 wth power airflow,l evers, 84 inside
o o RPBRTa LRt SOEh T cBEh e et At g BB Al HETEEE | et or

panel Iﬁ@ﬁﬂﬁe&ﬁﬁhﬁr@ﬁlsﬁ@ssidﬁ%dtréﬁéf:ﬁﬁn ArfiéhnA QHS b PEHIR G P STHRE: PAWRA RF thvblway | evers
84 and the solar collector panel 86 generate power and act as suppl'enental

power redigrreempaciageclt iyglso ppted thefihoerphodyasmifemnsdthe trackenteg 12 with ajow

2005/ ( ' the tracker tag 12

acti v%é%l%t% %%%%ﬁf&%% é%?vﬁg%g?%%ﬁégg@ge'el ectrical power. The
sol ar [068%]ect SYittpeafekn@Godded Gt fos thel echadimeant rivgedestriben, ithegderodype®7] Wt h

I T N R P M e S e T
and prigeg®sled. nodul e :
[0090] FIG. 10 illustrates the side profile of the tracker tag 12 placed on the fuselage. A
larger overall picture showing the mounting of tracker tag 12 on an aircraft is also illustrated in
FIG. 6. As canbe noted from these figures, the tracker tag 12 may be physically and electrically
isolated from the internal systems of the aircraft. This insures independence of the tracker tag at
all times.
[0091] It is further noted that, while the tracker tag is shown in this embodiment in a low
profile tear-drop shape, other aerodynamic designs may also be appropriate. Further, while the
power generation has been illustrated as an air mnount power fan tube and the solar collector
panel, as well as the backup battery, it is to be appreciated that other forms of energy generation
mechanisms may also be implemented. For example, but not limiting the discussion, one may

also use gel cells, fuel cells, hydrogen cells, turbine technology, fly wheel technology and still
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49 are shown with the top of the housing 80 renoved. [0088] In FIGS. 8 and
9, illustrated is one enbodi nent of a tracker tag according to the concepts
of the iwgeanisi@reez As previously noted, since this tracker/usaw4iosioentirely

i ndependent fromthe power source of the aircraft, ground vehicle or
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[0095]  The Web server 98, in conjunction with the client communication interface 102, may

selectively receive links between tracker tag identification data and assets, as well as associated
link information, from an authorized user of the monitoring device 22 (FIG. 1). Likewise, the
‘Web server 98 may selectively receive links between an asset and elements associated with the
asset, as well as associated link information, from an authorized usér. The data warehouse 96
stores the links and link information collected by the Web server 98 for use during generation of
asset data and element data. .

[0096]  The system controller 92 provides overall control of the tracking information server
14 and, in conjunction with the commmunication link 94, control of the tracker tag 12. Overall
control may be based on programmed instructions in the tag profile. The programmed
instructions in the tag profile are stored in the systém controller 92. The programmed

instructions include command and control information. The tag profile includes control
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I ncludes a systemcontroller 92, a nessaging system 93, a comrunication |ink
94, a data warehouse 96, a Wb server 98, a file server 100, and a client
conmruni cwDi20e5/020292r f ace 102. The communi cation |ink 94cyalszeisionely provi des
command and control information to the tracker tag 12 (FIG 1) and receives
the c T,
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asset and el enments associ at'ed with the asset, as Il as assom ated |ink
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l'i nks safmbiidHorb(iied B?%h%ﬁm%ﬁ&é&&%ﬁgftﬂé’tﬂoﬁﬁoéf%%déﬁéé’rﬁ (F8. 1Pbs MSendiir i ng

generation of " asset data and el ement data 1 stem controller 92
pr ovi da@sagpéoanb -ngrdhaddogss essotiatedtwithctke trgclqcntaerlﬁrriF Gt‘)ri)gedv@mnumafaddla in

conj u I {29 12.
oo or ar it idfialtbl byl 05 of AU Qi W R RapifiORM i) TRERMSBRIRV T 171
The prme@mtbdmessagmguyttemr% vithih e ttaaking tfbichatioarservat 04 ﬁ-n‘remetaﬁt by thest em
control |l er 92, E&tch o r. amred letjﬁtruct i ons jncl ude corrga and caontrol

i nf or EACkS28 &G d)p JeTTAL P g RSSAES YOPe COmMECOEH 59 pendent
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92, in conlunctlon with the client
for retrieval by the tracker tag 12 (FIG. 1) from the message service provider.

10099] In the embodiment being described, the communication link 94 includes an RF

;_,

antenna 105, a radio transceiver 106, and an encryption/decryption process 108. The RF antenna
105 and radio transceiver 106 selectively receive the combined position and time data from the
tracker tag 12 (FIG. 1) via data communication network 18 (FIG. 1). The radio transceiver 106
t:md RF antenna 105 also transmit command and control information to the tracker tag 12 (FIG.
1). The encryption/decryption process 108 is optional and may encrypt and/or decrypt any type
of communication transmitted or received by the tracking information server 14. The
encryption/decryption process 108 may encrypt all communications to the tracker tag 12 and
decrypt all communications from the tracker tag 12. Alternatively, the encryption/decryption
process 108 may be limited to decrypt the combined position and time data received from the
tracker tag 12. '
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comuni cation interface 102, may selectively receive command and control

I nformation froman authorized user of the nonitoring device 22 (FIG 1) to
conf i gurgg am@/o@i20edi t the programmred instructions andPOT/USHE4/0EE2Yr of i | e.
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i nf or kG dntat desemled: ahavrein redgrence (FFES. 11) Theplearithmy genemiesd &3y getaon
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The &R sapillitosy ot @CY fath repnesenidneletitude andrhygiard:r(;qmﬁrmg positivmand timeidetas to t he
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A cor it 301 GRS GRS SoRiedin 67 THHF sfiBhar BE acsbah Ml R T Tont Pl ¢
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12. Zﬂmth XYZ or XY data.

[00103] Whether or not the data processor 114 calculates the XYZ or XY data, the data

processor 114 may use the XYZ or XY data to detect events related to the pésition of the asset.

The data processor 114 compares the XYZ or XY data to predetermined XYZ or XY coordinate

lmits to detect certain events. The types of events that can be detected by the data processor 114

1-4

based on position include the same examples listed above for the tracker tag 12. Of course,
a&ditional types of detected events are also possible. Typically, the detected events are
communicated fo the system controller 92 so that the system controllér 92 can communicate
suitable commands in response to the detected event. Typically, the data processor 114
selectively stores detected event data along with associated combined position and time ciata.

[00104] 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.,
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WO 2005/ 022292 PCT/ US2004/ 014025 [00100] In the enbodi nent bei ng descri bed,
the data warehouse. 96 includes a conbined position and tine storage area
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number of hours the aircraft has been above 14,000 feet or pressurized. Moreover, if the element

is a fuel pump on an aircraft engine, a location and time in high stress condition report can
identify the total number of hours the engine has been exposed to high pressure conditions.
Another fuel pump report could identify takeoffs and/or landings and associated conditions.
[00107] 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 iracking information module 132 includes the
set of Web pages. The h'acking' 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.

[00108] 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
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enbodi t _bei.ng descri bed, the, Web server. 98 incl udes a. et 126, a
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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.

[00112] 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 fo collect the link and link information and
communicate it to the data warehouse 96. The Web server 98 also typically includes Web pages
that permit an authorized user to configure the tag profile 104,

[00113] Within the set of Web pages, the client user typically has access to textual information
providing an audit trail for a particular tag, asset, and/or element. Notably, the concept of linking

assets to tracker tags and elements to assets has the advantage of accumulating historical data for
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user selections and requests presented via one or nore of the Wb pages.

[ 00108] The nap applet 128 and data applet 126 are web-based prograns that
respond wo 208®02epi ons and requests by an authorized clrcangs2ommngoz3ypi cal ly,
the tracking informati on nodule 26 WD 2005/022292 PCTI US2004/ 014025 132
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works -in conjunction with the one or nore Wb pages to col]ect the |ink and
i nk i HBotondateraring wéhether or not the client user is authorized to enter the Web server for

monitoring tracking information, to configure the tag profile 104, or configure links and link
information. The unsecured area 156 may be Web-based and may contain information describing
the tracking system and/or tracking services.

[00117] Withreference to FIG. 12, an example of a portion of a monitoring device 22 (FIG. 1)
display shows a street map 162. An aircraft departing from Chicago, Illincis 164 and arriving in
Jamestown, New York 166. The tracking information 168 is shown by the sequence of arrows
pointing from Chicago to Jamestown. .

[00118] FIG. 12 illustrates a map shoWing a portion of the United States wherein the arrows
from Chicago to Jamestown, New York illustrate the path which would be visually shown to a

user having access to the tracking system. This would atlow the user to constantly track the
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comuni cate it to the data warehouse 96. The Wb server 98 also typically

I ncl udes Wb pages that permt an authorized user to configure the tag
profil e Wilw00p0R24B8] Wthin the set of Web pages, the cpapps2008@0dsypi cally
has access to textual information providing an audit trail for a particul ar
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[00122] Withreference to FIG. 14, an embodiment of a local tracking system 176 includes the
tracker tag 12, the tracking information server 14, the asset 16, the monitoring device 22, the
GPS satellite constellation 24, a wireless LAN 178, a wireless LAN/LAN hub 180, and a LAN
182. 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 FIG. 1.

[00123] A local implementation of the tracking system 170 is provided by a data
communication network 18 (FIG. 1) and a tracking information network 20 (FIG. 1) that provide
local coverage (i.e., local communications). The data communication network 18 (FIG. 1) is
provided by the wireless LAN 178, wireless/wire line LAN hub 180, and wire line LAN 182.

However, other local networks suitable for handling wireless data communication are also
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di splay shows a street map 162. An aircraft departing from Chicago, Illinois
164 and arriving in Janmestown, New York 166. The tracking information 168

I s shownwoyobsie22gequence of arrows pointing from Chi cago/tszodorgsown.
[00118] FIG 12 illustrates a map showing a portion of the United States
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constellation 24, a wireless LAN 178, a w reless LAN LAN hub
task 1s to constantly report location, the tracker tag will, in programmed sequence, report the

constant location of the tracker tag and thus the location of the aircraft, ground vehicle or
watercraft. |

[00126] These radio signals or data are translated as a coordinated point that is projected on
template maps and charts as an icon representative of the particular tracker tag. For example, the
tracker tag will include a unique number and identifier for the aircraft, ground vehicle and/or
watercraft,

[00127] Encryption and data compression techniques will maintain the security of the system
while at the same time giving access to subscribed users and/or authorized entities to receive
"Tracker" information. Again, by using widely available and reliable technology, ‘'such as
employed with pagers, cell phones, PDA. computers and the Internet, this information can be
effectively transmitted and received with a desired level of security.

[00128] 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
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182. The tracker tag 12, tracking information server 14, asset 16,

noni toring device 22, and GPS satellite constellation 24 are as descri bed
above i rwoeheyeeme to FIG 1. [00123] A | ocal inpl enentatriusaomaior4e tracki ng
system 170 is provided by a data conmunication network 18 (FIG 1) and a

trackifght1pHRs DBL | m@e&%@g 16 ¥hd BLGs 1ddt, IR iy Wbﬂf(&é{e&%‘f?é age (1-e.

| ocal comruni cat i ons ata co ni cation network _18
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l'i ne - v r cal _networks .suj 1 ndting wreless
nt s CONE R s U na DUREE 40 Rles B IOLERAS IR Baleh ARSI (F P
The t rackdnngt aund lotativhiio reabeiinearflin? Birdrkft, Grond viebichs, ovwaieckriofy equigpediwith | | ne
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communPt al 16T afd HPRUIESE B e. [ 00124] In one enbodi ment of the

i nventioomo]t hen bh@eln8bdibaet, 1i2 i nkdaded khdt RCkAtlteStag BeNBla¥é®/on bAGH LeAdEl | S
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from GPS satel lifes gRidisBierion HddneaEibA 49(PId, ANd determ nes a position

of the tracker tag in XYZ coordinates (X bein |'at’itude, Y being |ongitude
and Z being al t i ude)Datp eonegfionaid proesssing o (Fikd Hyandker tag includes a

radio transmittey anqjgtgg&gmr@;ca

. Ve transmt the XYZ location in
programed tasks 'to conmuni cate tl%rg{l%%gﬁﬁloag%f the tracker tag to other

or bi t i[6913gt elThe tieskerftag isesmaip kroughhte Her dtthchet diadotllyl thtthe gspooPtheaaidotdfi ng i n

low earth orbit. In. . .essence, the .tracker, tag and, the syste t upport the
f unct PR BIoYa EAIE STV RG] S HOSRORH i rpogr ngustvg Oy of g ey SiBm ser ver
14 (Fldad/ob)mechfticdlaySeind & f ilicae el 8 tafiRti€od. NEhO kitkeR s adtbRinduslygger a

character string to be transmtted to the communication satellite s%stems to

r epor teollgets andyproressef alldats # i peptainy tedhe segsalh weepng; vishislenpr watgecratp ed to
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18 i nchies ogdﬁ!e |at§]I%'e %c%@a%ﬁggﬁehtﬁgsggg%ﬁrﬁ%f Rt?'aZES?/GgI (19% %ﬁ%ot(:ﬂ gﬂt |y

r epor tinfommatiprosy thatexattiopeletional pgrawietdrs are nolpctagr Arateld stoegiLiwithio the ket t he
const gnt .l acation. of .t he tracker tag..an hus the,l ocation of th | rcraft,
o oun ot it eirogftion el bR HesbS TR ackt e i SRl B it

t r ans| g4t aggesaribainhaheated imetval by disdet Echtaut ofitchedadking ihéirplativesdivg@s and
Rt St B 5o SSRGS tcblh BRE b Sl b St eliBes ™™™ ©

These interfaces allow wide or local area connectivity.

[00132] Insummary, some of the salient features that are part of this invention are as follows:
differing from the art of the past, the tracker tag is a device that can be 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.
[00133] 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 amap 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
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tracker tag will include a unique nunber and identifier for the aircraft,
ground vehicle and/or watercraft. [00127] Encryption and data conpression
t echni qug® 20b9id2279i ntai n the security of the system wpiclraysatostosane tine
gi ving access to subscribed users and/or authorized entities to receive

"Tracker' ;i.nf o ti.on. ..Agai by usin L del. il n |.iabl.e

¢ echoTog bALE IS5 QegiotBl B e s BRadt 1 Cekitn Y Bk SABS B BBRR R, 11
t he | nvatdiatthe KiYiZscdordinatembn omap/aharb@rodiddihe irneltey tdgrian Sind dfaigheiid tiecei ved
with a ,desired |evel. of .security. [00128] .The tracker t and the supporting
oyt o GRS GPTB BBt GEs Gewsioia GaRHRe RE) FEOOERPar  or ound

vehi clgo1 \A@h@ﬂ:@aacﬁr% syieh] SafliRcedialy £1iCscamldstl, intéegktes tHeaGPHagstérane of
30 WD 2005/022292 P U}é2004/0140§5 sight to the sky. If line of sight to
the skyidjusn |sgigflite ;systemy grewrd-basqd ttglegrrnmynications systehe padthe Sufsmet dor t hat
the tr : e Ch Life of 3 : )(ﬁ% [ f the
hanger&%ﬁﬁenr]%ﬁigﬁe aFrcra%'? , Sga?eoh{;]%%vag]i%’t%%%rsf[c\%g%ircraf%bl{ ssggt%fg(rgg%l?pThe
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suppor 1l RBph e S P iop oS P B B e Rt odion P RE s P ker
t ag beaspiganatnaily avel pergeabedhput@y bfdnyodutacapabif dispay devideahioakk Iéfeand t he
uni que nunber of the tracker tag attached to the aircraft would be included
in anyf¥fght plan and reporting of any flight condition associated with the
ai rcr ghp13d]00kBN: Iha EdIReKST tbARiRERe!Bf ARbMEORIChESS hil 86pdFBhY data
sub-systens thaf, when assenbled inh a system 'provide the ability to track
t he pasrineiateddarqabtimmer(antrceqeredyy napgremated tasking) sen slenbeinsorporatediatoer cr af t
anyV\h i h 8 . I R W ng:

1 Poues opllad " Bot e, UiaBtikad Rl 21 SLASERN Pk B I Bl

pr ocesselnonmd® cofditton Ahd reliuility, cddabea calbactadnandodriatyzed ifok setBicingl dacisigns. [ 00131]

The tracker t is.smal |l enpugh t e attached directly.to the to f the
v or dnpay BfedatiBe rRberte GrS i BPRRgH Sits beipl et et e
non- i Nise WFiadeactdlerdfibtedfortanethel Bk Iof ebratiNsHingdr. TR oha kinballinteng ttBeBoRtr t hese
nodes of transpaortation. The tracker tag autononpusl col l ects and

pr oces¥BraHeR Iog &iF, rtiq Fransesiven ard QfBeroRBPaReRs Bythe #@3@9% pyides desirest
nat or Gh@pendéifle | b thed RAKGR! NStaRA! AT iy, fud Wnbller!tBE R4 g%ggg%%g@w ver 65

(FIG 7) "provides positiona I nformatio ’so that exact ) | ]
par anmstognsumeatiop of ¢etainayperabanal/cirsiragimenitad pavhmbliers thiough 2 paskiwe sensiag déaee

i nt ti. h Thent .t has. th t
tr anoraa it R SRR &y IERE, o HEL o5 REENind BRVBRRH G BL R ot ©
W th tdrewid wehikile@riwdtercratt beomuss elie/acker g i kepachadla poayredand abt eedegthd n

real -tine thrqu one of several renpte wireless interfaces. :
control ot[ &ega?rcra , ground ve%:ﬁes or watercrait or itS operator/crew ?1.6., 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 warchousing and distribution) that is being received (encoded, encrypted and
compressed) from multiple tracker tags and create displays individually tailored fo
users/subscribers on pagers, cell phones and/or PDA computers via the Internet.

[00136] With reference to FIG. 15, another embodiment of the tracker tag 12’ includes the
power source and conversion module 47, a data communication link 48°, and a data acquisition
and processing module 49°. The power source and conversion module 47 operates as described
above in reference to FIG. 7. 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 generally processes the raw GPS position and time data as described above in

reference to FIG. 7. The data acquisition and processing module 49’ also selectively
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These interfaces allow wide or |ocal area connectivity. [00132] In sunmary,
sone of the salient features that are part of this invention are as foll ows:
di f f eri myofwanoeive art of the past, the tracker tag isPETdS20@®1468t can be
integrated into a larger systemdue to its low profile, service life, power
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can be goll ected an ed fo ervj cing deci si.ons Simlarly, the
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t hr ougackBag US EhoRfn i3 FIGCT Sh&k BRSNS iy H18EABbratadRR tRfpradelicalyd grGsensor. In
one enbodi nent the@power eneration for GPS, radio transceiver, and ot her

conporrfithecanirollero® Flekd: In e mbodinens baiagidessaibed. e pEHGaREOTK srocesser syst em
St at edePRALARE SRY &ﬂﬁﬁ&ﬁ‘&ﬁﬁkrﬂﬁ&ﬁ@ﬂe iRt stk il of pilEed ifi ALY B | O of
envi ronnent a roug

certain operationa paraneters t passi ve sensi ng

devi ¢ ewhandam canmunivhtionsgare motireqeired; | Ehis permitd thedramker tag 18&1d inasrppmport i ng
the | ocat,ion, of the aircraf round vehicle, or tercraft cause t he
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ai r cr adolurcegoound vehicles or watercraft or its operator/crew (i.e., staff).
Dat a :

[00138] Inthe embodiment being described, the data acquisition and processing module 49
includes the GPS antenna 64, GPS receiver 65, environmental sensor 66, control device 67, and a
controller 68°. The GPS antenna 64, GPS receiver 65, environmental sensor 66, and control
device 67 operate as described above in reference to FIG. 7. The controller 68’ generally
receives and processes position, time, and sensor data as describe above in reference to FIG. 7.
The controlier 68’ also selectively communicates the combined position and time data to the data
communication link 48’ generally as shown in FIG. 7.

[00139] As described above in reference to FIG. 7, the environmental sensor 66 is optional
and may include one or more of various types of sensors. Including vibration sensors,
temperature sensors, strain gauges, voltage sensoré, pressure sensors, electric field (e-field)
sensors, and sensors capable of measuring other quantifiable parameters. Thus, the

environmental sensor 66 reépresents any combination of one or more of any type of sensor.
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associated wth the tracking system can be displayed on vari ous comon
devices (e.qg.,. typical displays found on pagers, cell phones, w rel ess PDA
conput erwp 2a0f022®2accessi bl e over the Internet. A scalralius20@mpiitsr
architecture and design permts the systemto handle all the data (database

war eh ' and _distribution),that is I ng.recei ved (encoded, encrypted and
conpr 3@@%@ fl[’l:{gl i icfﬁ ée tF cWe&letcgﬁtéageﬁgg C Eoeg‘%‘tgdcﬁns%’leﬁw%i SHH?E\W?}H 1y
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Uhe t riek S ep 1 CFScvdigites da o Fleer St s Sutacins e B REGUPE. 47,
dat a couvemNiypad o fURtdctddlevits incdhitd cRariRidstae@Yhditibhd) datadBsLiRkor esRlithas Modul e
49' . The power source_and conversion nodul e 47 opérates as descri bed above

in refaddpiedowsload epnditiony, Mergever vl combingd penidiop epd Exsidaty inBansmatteio’
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3y vt R Yookl Bl BRAREror 19 (BRE 1) ey I81640 ARRLSED A L obd 1Rl 1T e
raw GRSsqpintéd with detacted eventsisitee the ladbdata ddwnloabove in reference to FIG 7.
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described above in reférence to FI( . The data communi cation link 48 al so
recei ViR istatisathe rewdpwgrammed instetionsi containedrint the newr tgkiraflei nFlmnméhe on
server | L2 Is e:ln.refer t 7.
Foo1a el abpsAE Poiske Rl SREEE DSl MUK AR RET e St U e
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communi cations to receive an updated tag profile with the | atest progranmed

i nst r UBITASAIPOF STt upie netEik REpersIPr hrith on iastglen tudomlead with thealatar oy
exanpl &n’reﬁ%gs aféa%l @&Eﬁ%ﬂ%ﬁs@-m FaciEa mbﬁna%%hvs%wer'ﬁft?l@.e?méﬁce

pr ocessor so’selectively initiates conmunications to transmt the
conbi medtmpeséationn farttie dataedcdetlead: ae ebteblished kha gontmdltar 681 commawrcates thed (FI G

1). As.d ' b th | hed 114 d t.i t a. |

ot B O BRgE RV FeBEE) bh AR TR BT o
comuniEe@tijons to page ﬁUt hoLi zed users of t_he_tra-cEi ng inforrrgtilon tscra]rver
14 (FIG. 1) t t themthat certain condjtions ve occurred. Ln e
tra(ckelpol%?é 1%@%s&%gqhmqﬂ%m&é%ﬁﬁ@ethpam%ﬁég nr+a§1u BSPRSOF¥OPest®dLi n t he
pr 0Cesg@hed @ vdel 78, aliliard /e Brt 98 UrkiGha8let B8t @atidh) intddack e, TabGgiGENt

bei ng described, use of "the network processor 63 to control data
comurireeassas7d ipar eammunication wish Sier iy respiver &fo whvisenyymdad sgnson 66, eoniEely st at e

device 67, storage device 72, auxiliary I/O port 74, asset communication interface 75, and data

communication link 48. The storage device 72 includes the data buffer 76, tracker tag
identification data 78, and tag profile 79 and operates as described above in reference to FIG. 7.
The tag profile 79 includes commands and instructions associated with change in state, data
acquisition, and data download conditions as well as various other events that the tracker tag 12°
is programmed to detect. The auxiliary I/O port 74 operates as described above in reference to
FIG. 7. Upon an appropriate data acquisition condition, the sensor processor 71 receives position
‘and time data from the GPS receiver 65, combines the raw GPS position and time data to form
the combined position and time data, and selectively stores the combined pésiﬁon and time data

in the data buffer 76. Upon an appropriate data download condition, the sensor processor 71
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when data communi cations are not required. This permts the tracker tag 12
to incorporate additional power managenent features that conserve power and
ext end twe Xofm2mk t he power source 50. [00138] |n thecamsadismsnes bei ng
descri bed, the data acquisition and processing nodule 49° includes the GPS

ant enn ' 6 Vil T L ' 67, and
o Contief ey e AT s B o SRR B A Bl e s SORMER 16 KRB ° o ncor
66, anchnemwicaion ltkdvi8ce 67 operate as descri bed above in reference to FIG

7. The roller 68 generally .receives .and pragcesses position, time, and
sensor[oggltfgal a?hﬁeassﬁ‘?a‘i @Bﬁ’\?@ﬁ‘# l?tg‘%%‘iﬁeﬁi elstoémﬁ}l% P18 fﬁ@ptﬁ‘ﬁ)ﬁf’r%ﬁf“é‘? 68'

al so sglesitive ynConnbinmesd esetthaispatrbelicld seadd inoRitaneeraiBvddhmehia] t he
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vibration sensors, tenperature sensors, stftain gauges, voltage sensors,
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change operati on. veral types of detected events include change in state

condi t #s6vt4rangporvehiccasinol eridginng; Thefracker tagprofila 7 radiinrludeicsgneds pshs .

Mor eov. | b 44 ta. ke P . e
R e B G s L R L,
and sedrtorcqiaitzon, and deizalomuhlend: tcondiions bewtd @nasvests sietectedtyethe @ge odetose

downl oad. 4001{&%4 Trfe cgntrol | er 68" may use a change in state.condition to
wake u?)ss%t{ APEY eﬁ‘bc?ﬁeé’ et wor k processor 63 with instructions to check if
a new [0ag44]r offibt exsid cohefimicmiohi igietfack By ey ingplementi v2ibuy Seife Uhe aidof r acki ng

i nformation server, 14_(Fl 1). If apewtag profile is found, it is
et ri cVEdeBycHelogss n_?@foﬁééeggemme@waﬁep E?ﬁﬁ?%%ﬁt%é(d"’lf%lui%g R & | er
68" . T, r%emer é?)hh@cftorl #88an iﬂ%é&é’ée'aﬁaﬂt&"coﬁ?‘g’ﬁﬂi%%%B%ﬁ’mﬁ@a’ifoh&b?&tbéﬂ?@to%@t ai ned

in the new tag profile. Then, the  cont er 68 responds’to subsequent

changesensprarencssor dod thegoryespondingdevigesdindbs zssetbvonbpaativehdepdBinitanky, when

aCCOr dA0GE PNl B [505,07R0L AHIRAS T IRLLNEL LOBSroBhGe SAMAR! JhicPB MY

i
use a a acq on - condi nto ac’ciw r Sensor, position,
and/ or cdmpaibléatith commomicatibmyeetocols tdthe sehsanproesdor pridite aomesgondingt desries ons.

The controller 68 use a . data do oad .condi ti.on ,to K or start up
(he netvibpiassrsaBst veoR B &, Sl e e otun Asteriinen dhe Seesf o
Ct; Ir Ea e n%dmgqﬁaaﬂ BYerfab€ 76 Ay @hpRfefBanyt SuitabR fypaoFiwige 1iné andret wadleser ver 14
. ce o
( th:hnology, including various types of serial or parallel buses (e.g., CAN bus, USB, etc.),
Ethernet (¢.g., IEEE 802.3, IEEE 802.11, etc.), or Bluetooth.

[00145] The sensor processor 71 may include the resolving algorithm described above in

reference to FIG. 1. When using the resolving algorithm, the sensor processor 71 may
temporarily store the combined position and time data while generating the XYZ or XY data and
associated time data. Once the XYZ or XY data and associated time data is generated it is stored -
in the data buffer 76 and the corresponding raw GPS position and time data is purged. The
combined position and time data communicated to the data communication link 48 includes the
XYZ or XY data and associated time data instead of the raw GPS position and time data.
[00146] Forexample, if the environmental sensor 66 is implemented in the form of a vibration
sensor or accelerometer, the sensor processor 71 detects events associated with vibration

measurements by the vibration sensor. In another example, the sensor processor 71 may use the
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comuni cations for the data downl oad are established, the controller 68
comuni cates the stored data to the network processor 63 which passes it on
to the twacioosige2eo2f or mation server 14 (FIG 1). [00143ctroszoioier¥odi ment
bei ng described, the controller 68 includes a sensorprocessor 71, storage

devi c rt 74 sget car terface 75.
Aovi ot oY P RS e AT AR SRR AR GBhOP L SHLgE
envi r giroestal 7 1sensmitesGhe mwm dae\to @md@t%rmﬁzre@m odéw ceordihatedinkitd i ary

110 part 74, t nt er f tjon Iink
15, TBen s B BB B BB AR RS e BRRane 100 (SR RE A Sns |

| dent i duck ak icRihgdah atafd datNsbquAGidd, Ahdal &bw%@oaﬂn dndReeHraSpas V@E&I&rdo@ﬁdl above
in reference to FIG 7. The t ag profl l'e 79 includes commands and

i nst r ODEHieas. a%qse spacfirally ﬂhe@ﬁraﬁ@g@rq%sw At mayqistest when thesissetdnl) indbe dat a
downl xinfd ctePards; u?‘ére\é ea%l%%&@}ﬁ?c%gﬁt%%@&hﬁﬁfdohﬁ aek§t) tag 12
Iary

IS progra to etect. e aux por erates as descrl bed
above inra haefnépmuea,m) at Flvt@y ppint|yip at adestipptiony vilpoEE cdaltsa, mhmaang iadugh

condi tSI on, t% sen cessgr 1 rece| ve ﬁ Ig 3 It ion & ciSSV d@ Pr{rom t he
GPS r ST & s R EBSS S PPBA) RS I}?g‘%?ﬁ L0 t he
conbi nédtude, Sm} dx@m%mﬂlgtebcmsﬁﬁﬁxﬁ:éemﬂl S&fﬁ?@;kﬁ)\&bmﬁl&iﬁl’gmdﬂ&&e@ @tﬁispajgegr
positiqn and tine data .i.h the data er .76._Upon an riate data
down| CRERIBERY sloPSiown, preiileresrd %%&e&@estrwon SHRprPeBRldsiesied fvents may

PCT/ USe0QaekA 43 Rhasi! 18 Gty edata & Wi RSB0 &0 HRE %@Qﬂﬁ‘aﬁépbi‘t tine
data fromthe data buffer 76 to the data conmuni éation |ink 48. [00143] The

asset eoahmberdndidions in thatag prage 75 %ccmpﬁes erfvhtiongh types o hdriprtedevents s e

i nfor C eRso certain
envi r Qe GRS, B oBRfeRas Rt B SRkt B ST BB e BB
i nf or natiperatire strai, voltage) wesase tid ewﬁlekmwors)\mﬂlasdee’tmmpbrtojehmm/senms to

contr tain aspects of operatio th asse ansport ehi cl e.
The | BTSN ERsRRBES: e Stastb R RS banP B BACEPL i S PR B rme by ¢ ne
t r ack eihsth@gions Fithirdthed@g prdfile mataqaemﬂfys:haﬁ;,e indkdte, @gl ‘éb@!.h§1h@@ andadata

downl oad condit | ons, and other detected, events associated with operation of

the t rdenadeac eapditions asspelatedrithibiel GRS pestion #dl tias deter rAdiiienally, i ens 61 e
Sensor.g iy abaRehRl Yk BY it § %ma{sar tHeA%nddr prbCeskSei uéaéce%ﬁ@u&ft@nsport

vehicl e control conditions. larly, the tracker ta may use sensor,
posi t i pacifisdih the prograsnmed msmmtxodemthﬁyhe tag p@ﬁ/ltt ToaddrmH ahehgecth stateodata ol

condi tions.,. The it er t fil ncl u le _con

pat r e BieR R AR RE Bt NPT P R SRR s TS as
wel | aigaptrasged for redeirting mfdﬂhﬁa‘lm@dfbﬂl hé oo horé agedirdrapoid wehioRkefisung]ithé ons
based on events deﬁ] cted by the one_o asset/transport yehi cI e

sensor $OSQIAEAGHAIr ¥ delgets the sysHIRRPGAE] Brins Rgraaped nstieons vy 28 ar i ous

wire |1 B81e20000 Mdentify 4REHRDAL SRGBOD 6, Fata MNESiIHLR ANATRE! dRANTRIH A SitibA
interface 75 is by wire line, It incl'udes an
associated with the one or more asset/transport vehicle sensors. Moreover, if the asset

communication interface 75 is implemented for transmitting information to asset/transport
vehicle control devices, the sensor processor 71 detects the events specified in the programmed
instructions within the tag profile 79 to identify asset/transport vehicle control conditions
associated with the one or more environmental sensor 66 and/or the one or more asset/transport
vehicle sensors.

[00148] - Typically, the sensor processor 71 selectively stores position, time, and sensor data
associated with detected events such as change in state, data acquisition, data download, and
asset/transport vehicle control conditions. This detected event data is stored along with any
combined position and time data that is utilized for tracking. Like detected events associated
with vibration, the sensor processor 71 may use any of the detected events associated with

position and time to determine whether or not the tracker tag 12’ should begin receiving the
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appropriate connector and an interface adapter conpatible with conmunication
protocols to the sensor processor and the correspondi ng devices in the
asset/tr MEpPOF0220¢hi cle. Simlarly, when the asset conramUsavi/@aoisnt erface
75 is wireless, it i ncI udes an appropriate interface adapter conpatible

W th c t . DI 0 n spondi ng
devi ce %%ga asse ts‘r&grﬁisg;oretcoﬁ qeggéz;%cfpgﬁ&a eﬁaﬁg'/ztgnréaﬁ%(l:%ﬁ%hg tﬁ%dul
Accor dcmg]bmed pdmtmnsmit time datau didditiorally; the dethaseciatedmith aaptypeei detacgd

Yoo ok e o o B Sl R SR AL R o
(e. 9., mbhfthif0&evioe 22HEEGSN2. 11, etc) or Bluetooth. [00145] The sensor

processor 71 i nclude the resqlving al t hm descri bed, abqv
Fef or R840k Fitigsensor pRgsrsei lygeaivrs cp@wgﬁdf opmAaRion fm ﬁ@@work

Pr 0cesgRtesédr §POF thd @iﬁpwnﬁﬁmwatfdnqmc 43 qn%ﬂe@fnﬂs&in&aﬁ it &avmréde%r gata

whi |l e generating the XYZ Y data and associated tine data. Once the XYZ
or XY waeixesthd commend m@@nﬁph@fcnmammby lpgamean taghe e-madl sysiemde.g., E’@Pﬁrfre dat a

buf f er ; ﬁg ) g ob ged.

The éﬁl ne%r)pom F?on é;%gj?:tdr}%%g}\gg%%ﬁmuaﬁbé% {{ﬁi&{ E&%ﬁcom{écat I on
i nk MBmmmmdeaX:ﬂ&ndrcoWoldafmanm aaﬁdndmltmdntmmml oatsage fistnahel of the
raw GPS positi nd tine 0 6 r_exa i f theewronrrental
Cens or TR, RGBT 114 G- Lbr bt o4, BRPROHEYIaR et CEreted by

accel enARRIRA usérf tEansHforREdedies 02 (FG. IR B SmaN Siftén ﬁ:&z%‘é it 1ReksHdih g

vi bration neasurenents by the vibration sensor. In another exanple, the

sensor Systeue 83 gathinythe tagking inforpation spryep dh 97 Hrouaivantiodsneade £rmakezsice XYz or
XY dat gl ReH e TRE inBHdiddnidted &Y 1Y & ﬁ ﬁ&ﬂ%% rh%%@ iR bfeﬁ@c inbde 1RSS! .

The se sor processor /1 conpares t XYZ or data to eterm ned XYZ or
XY cooeatimand ahd woatsol infdemutidn gdthene-tdad wessagenaey émacpro*mied a$ prqgrzunmadl on of

the ta file 79t detectwcertain events such n state, data
heout oitsfHons ooyl G PRISE TSI AaEpRYTCh Sorp iR by SRR olebeSeiE: o
Nore skt me@aisbyprot:éﬁoxs'ansnfe spﬁm@&mﬁso?m ey witle@e nask e ﬁd&etag@scﬂﬂel s |)
in the promm@zjg?f a restricted area, in adergstrlcted

the pr®%taRFo Hpstrugtions i thepuriepytag Pwﬁée A aiﬁéheaﬁagawqi}ﬁ 7%‘93555

poi nt ,oﬂﬂ])seaiha@ng@@tgbnat i on, VI i) off course, viii) nearing a high st ress
condition, ix) experiencing a high stress condition, Xx) experiencing

excessiopds @]os ThefsensgrpreassRer A managee dita ritAnsgissivas & theetradkingsiadumarion

altitu ' W, down,

or ' xi 1 T eE 0 Ehd B e AR R Sn AR IR o nefy AR HERRE s 30l Oy
be speciribieed pesittinoand énenlatt aatl ehedta fa aacytas pltoﬁiﬁwvlﬂdpnogradmmd instdjctiemsd
asset/trans vehi cl e itions in rofile .79. . O

our se TSR Bestsanpiessr b et assiihe i b S S B e Ba T cut ar 1
i N confithdéwalbad\bdnditidhgo BOHEEQENBIThRw for 8iertihg uf theﬂewtacsrabrdaessor 63.
tenperature, strajn, voltage,. pressur and e-field sensors)

e
asset / {ihshAfisr fhedaty tiangmissivads confirmed. thy penser RORRFERT/ | IREPLIER Pe essor
71 det fobsssbEs RV SRE6H iHuef dofml NEAdREABNI TS gensor processor 71 preferably

confrols checking for the new tag profile by waiting for a change in state condition to be detected

17/

before waking up or starting up the network processor 63. Then, after the sensor processor 63
provides the new tag profile to the sensor processor 71 or confirms that no new tag profile was
found, the sensor processor 71 may again place the network processor 63 in a sleep state or shut
it down.

[00151] The sensor processor 71 encodes each transmission burst with tracker tag
ide'nti'ﬁcation data 78 so that the tracking information server 14 (FIG. 1) can associate the data
transmitted with the appropriate tracker tag 12°. Sensor, pbsition, and time data associated with

detected conditions (or events) is also typically stored in the data buffer 76. A data transmission
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instructions wthin the tag profile 79 to identify change in state, data
acquisition, and data download conditions associated with the GPS position
and ti newdn1085/0228¥i tionally, if one or nore environnem@ElURoMEN2E6 S

I npl ement ed, the sensor processor 71 detects the events specified in the

progra ' uct | on tthin, .he & rof.id.e. | . f hange in

st at e,ﬂgi}dnadu%g euﬁ%;sl%(% ons\,moélhan%élﬁlg d&%%ﬁ&g%e Cﬂc‘%rtl%lgff‘t%%ﬁ% g&@tﬁ?ﬁéé’ﬁ%‘gﬁ%} t he
asset theovmbined pbgdtion midetithadetatsed for tlacgihgnment ed for receiving information
from & asset/t ort vehicl.e sensors, th nsor prqcessor 71
det octLOHE oJui EERReA T BE 10 o EmHPAEPaTEd RASET 000 Tohe CRFLRITE Khe t ag
prof i | @sptdlte alpeRed ifesaddhdition ;@le%iﬁbm 302 whiead Bie pddfepupVestet dontlitien is and
data downl oad conditions , associated with the one or nore asset/transport

vehi cl igitiggaddys for exmrrlesastivation efitae epndiot deienRIC o) olNert plestopd amsli s
| mple ”E%&to?ﬁ:ef tRACk Lt A8 Bhirbiniy, 'A%Eé@%%,‘ tﬁ@pfo%es@%%@hﬁﬁ%@ﬁ?ﬂ@&if-tgé‘t?ﬁésﬂjl gr control

devi ces, e sensor- processor etects'the events specifie

progr afaited IHithesseiftestipasred the pravesshdetectsthp copletiory of the seldidest a$ y change in

g R R S e e
sensorgrocdsd Qe theypipietion of theaseaasas a plﬁamge Begite gdmﬁﬁdnegatsie& oh ¥ sslf&rsﬁ s
Changetirsichiin A0S, SREG I S LS abib e SEh e Rt P er

vehi cl gy 6 @Ridpelin RELhHIABS in ddtbfdaded Hih etk @Yx%ﬂtttagﬂ%@lé $o ¢tyer gg).al ong with
any conbi ne osition and tine data that is utilTized for tracking. Like

det ect 881 8entWithhseferencs ©dFIGy 7k api ethedimemt of Wepraesss 320 gpoe duskar t78 taray use
any of ] : ' ] ik ' rm ne
ahot nerPaAER SRR N orB AN BLER W 22 PATULE 92 O R frbndguil?

2005/ 022RetapGHous2als Htiabashe posertupimsel nohdifioreo G 1 6 3¢ amipleted.hidextpnbi ned
ositign and ti data,. and tr mtti he combi ned. position.and tine
data.  RAGhEES TRy Orfitiofiste 3 tenee At mig® yrpee s et ent can
be i ncdafed ihnhé hﬁn&ﬁtaﬁggﬁ@ﬁienﬁloﬂﬁﬁétbxﬁge deeive @€ dhé QofrBHonding Crdcher fagl i ent
user at the nonitoring device 22 (FIG, 1 [ 00149] The sensor processor 71

r ecei vE¥ieRtIePbaRge BOTRIF SPnditeRy fraceBRed ingamhel PRELtRBY imep FaRrssadere, 63 of
the dwqmgam&;ﬁ%ﬁ mfséﬁt'eft,éﬂao@ﬁb?ngﬁ%eeﬁ;sg Oiatéd%tm&hmégsma&ﬁssm 63

receives the co control "1 tion gging in‘to the e-mail

i nfor
syst enwitl thy track@raz, @sschand/os transpoit vehigler dot¢ i thg pesitien hnd tima parameters

addr ess_associ at e it e tracker, ta P ' odi .. the
omar e SRABRIANith el Ihsldf drg i€ bk Fehchd by e CHSrecBIBO O BERNe WIE |
t r acki prgametbarivndhange Bedtate codditiénd £re asspeialbl avith measurdiiassige cdrtaspmrglidpeen

created b aut hori zed user of the :nonitoring devigce 22 (FIG 1). The
o ol | 5B cHede BIRER B s Conghion 8 G5 CTh A HE A CRAES £y SR PrrgEIvter
i nf or MRlthOrear t‘dg?mﬂf’e 192 hdds@réfitnBfoth BQ&@@?Qﬁﬂhg Serl¥By dr 16 fle\GRSHosioR Y der .
The information stored in the tag profile 79 may be initially predeterm ned.
The  time data. The sensor processor includes algorithms for comparing sensor, position, and time
data to the change in state parameters in the tag profile to detect change in. state conditions,
including algorithms to convert the measured data and/or the parameters for the comparison.
[00154] Atstep 226, once a change in state condition is detected, the sensor processor wakes
up from a sleep state. Next, the sensor processor starts up the network processor (step 228). At
step 230, the network processor initiates communication with the e-mail system (e.g., POP3 e-
mail server) responsible for handling e-mail messages containing new tag profiles with new
programmed instructions for the tracker tag from the tracking information server. The e-mail
system may be the messaging syétem 93 within the tracking information server 14 (FIG. 1) or
provided by an independent e-mail service provider. Next, the process confirms that
communications between the network processor and the e-mail system have been established

(step 232). If communications are confirmed, at step 234 the network processor checks for new
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command and control information in the e-mail nessage may be provi ded as
programmed instructions in anewtag profile. The new tag profile is
conmmuni cav@doosig22be net work processor 63 to the sensorpOr/osEeF0r405l. The
sensor processor 71 may wite or mask the newtag profile over the

or ot | B 07 e et BB e kthePir St o B SopeTrictome P ko der 1

manage saggbletforans Easicer edgsc,abai dih@héth@ Qs nBotheRfiOhembindl (s6epraB6). TthetddkG 1)
and power consunptjon by controlling when the network processor 63 sends

conbi nBY 455 tag B’f‘?ﬁé‘?\dl i W8 REW é‘%‘ﬁ@ ehataps23%rthy %&era@wﬁ?sa?r fezmigates
pr ogr apiReuhRslis MR RS o PEM Ry&ah! Wext NRe §aﬁ§pﬁroeés@&em&r doken SRR dat a

transm ssions in a burst fashion by vvaltlng or a data downl oad condition
to be gwcesoeEicpro). e*\mM@ tbpsmospramssorgogmtdmslmtswm KNewtgbeBroeess63.

Then, is co 71
pl ace ? %e netl\;/\}g?’%%% r oce CIHO ggpc"hagge f%m{es”? g‘? acgrﬁ 8{dt 8“%9 A5kl 4
Addi t i ooralitighs mh&ﬁm@mﬁmﬁﬁmﬁtaél)r@ﬁleﬁemﬁtﬁwﬁcont roI s checki ng for the

new ta il itin n st at condltlo to be detected
et or iR ho i, er Ry RispRoR i msh sy DS Saon i e SISV TER 1 he
SENsor a iR e&&ﬁ{nea%e RESNMOTE Bfock3Br 2845 TR Mm&mhhﬁ]k&ﬁw&a&epﬁgs sor 71
or confirms that no new tag profile was found, the sensor processor 71 may

agai n prhiearnhie sien k) e thrageessvp 268).i n a sI eep state or shut it down.
00151 A
[ L"‘ﬁg et PIEEERERNs hof MHBRIRE pbh 3RTLY S A D! Be Ml " 02T

tag |cat| so th Ing 1n 4 (FIG
1) canpmsssoraﬂeadshmmmag ptqfdﬂs'ﬂwttﬂhdnm&otk proeesappempnites eommecika@ionsag 12" .

S h d d di
ovont oL oy B (e oo, &1 32, BhGpE e P FESrecipl b Bt oci on
37 WO 360238k Eﬁ%ﬁ&% Db 4 ARsenstr Pridasdor sleuts Mews R Betworkpdobdsen), and

time data associated Wlthétaﬁ tgcted condltl ns al.ong with the conpined
posi t i Di§Xtahe SERSPEPEPSEsFoTsEally the new prograsymned igshushpns frem thegew tagiraidednty G 16,

an e”bﬁﬁ:itg%gfoﬂ?é 78 (PR A5 %rxﬁﬂzpthﬁz‘%for%tcf e (F?(Q 13} asdRBRANith Preseh

up/ reset dition begins at ste where the power up/reset condltlon S
i ni ti apegessyr 7F (ﬁIGekSa)r{pﬂeg 24%e t’ﬂ‘hscamewmﬁomm@ m&imch@ms Qj@m@ comegpphding 15) .

Next el f- f ep 206,
t he prglz:ogga’s“%geger ﬁ%%ﬂsl fH{"ﬁ e]&fa é}%%]{an%gssea or 15%{ 89&{3&%?% fpt est
pass edprdggeenme@m&saﬂm éGtiH rérh€n mffﬂcemnles?. t]n)a‘nmfp(rogeinineﬁmuaﬁmﬁ spd&ﬁ’yg e i P
state nditio on.a s est pass event (ste ers ,
The. <ol i (O PaEIHd. b Step D bobE SRsDE PSS b ERSBICCR FOFD Hete, INOKaR” f ost
as a CPRied z% BfotindRosanEhdd PRrRARAS 10N cBarg@! ih- gtﬁstdatﬁaabhm@m@ﬂt adPHeR 210) .
After step 8 or step 210, the tErocess Btﬁrforms ﬁ I nstructions

for a Eeanigad pcrndsw@nSén aesosiancowith theewntias peofilp 79 (8 léhﬁuee irclyding Beof i | e
79 (FI gewl,?(}r%af ?xﬁhu%%&ﬁ)ref erence to FIG 17, an enbodi ment of a process

220 for a cker
{00157]  Inanother embodunent of'the process for handling a change in state condition, a text

messaging system may be used in place of the e-mail system. In still another embodiment, direct
two-way communication may be used in place of the e-mail system.

[00158] In another embodiment of fhe process for handling a change in state condition, the
network processor may be brought out of a sleep state in step 228 and returned to a sleep state in
step 240 instead of the start up and shut down operations referred to in FIG. 17. In still another
embodiment, steps 226, 228, 240, and 242 are removed and both the network and sensor
processors remain in full up operation during the process. In yet another embodiment, steps 228
and 240 are removed and the network and sensor processor are combined in a single processor.
The single processor may either be brought out of a sleep state in step 226 and returned to a sleep

state in step 242 like the sensor processor or temain in full up operation during the process.
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respond to a change in state condition begins at step 222. At step 222, it
Is presuned that the tracker tag is powered up and that the power up/reset
condi ti OWOGPOFN2R9216 i s conpleted. Next, the change i RCItB2@4mO4mAstion is
detected (step 224). One or nore change in state conditions are defined in
the c t | | | ' racker
tag,  NESPL| TomRERLnsEdich; 5, 25,3897 OMRIE holoifiny B CERHAEL Sty O
posi t beptogrimmed togrepiedzally perforstarsglfriest whicharpates pt leas aperiodic dhapgedn stetel f - t est

and o .. par ters_ as | at | [ rs assogiated., w.ih t tracker
hg, *SORlBR AR Sh3eaRaRE, BatuY b aRRE R, SRR e B, el dR e
par anmetudbdimeat, ¢hetsmRirigah famatiddsettee 1HFEGt 1 pdandsdrhingehad dtedracks ¢dgv@disby t he
GPS receiver,.. O herwi se, the araneters for chan i n_stat ondifions are
associeﬁﬁ‘ér&_ﬁ%df’m&%ﬁﬁ FPe?PE%mE‘@C%W gﬂ?ﬁ’&’?ﬂéﬁt@@g@é’r@aﬁ’?ﬂj@? %f‘ﬂ@' Eaﬁange in
st at e 100G4s hboRirkeved FiaEh Bk FarodRRAEAInRFall #)UBe iAcRdrabe 1PArBiRI e 10 the
current tag profile to a nmeasurenment from a correspondi ng sensor or to the
GPS pirerkinginfermationrserveneaa idamidy 8 siuabion prhseetbs diackes tagisast cryBlieating f or
conpar: ens.ne, [ tlon, -.al ' a C ' raneters
T ng PREROOROR: Sh Ak 1 bR I H b BITR0S IREELS 0

al gor imdimenanoe penamrel carhinyest@steteesithation.and/ or t he paranmeters for the

conparj 154] At s 6, ongce..a chapge in s copdi.tion is

ot oo FOI0) 1 PEB Bfhedsio g3 at, TS n BEESReR BhF Zrafteth T Rt okl Bt tohe
SensokespbAt S S@ita BcufidiSor/gbriditnIREMS bKsts RS SAOSteh 35 Rt id plsuméd thastep 230,
the network processor, initjates communi cation with the e-mail system (e.g.,

PoP3 &acksiites depourrd s pshiiebihe POYerHENERTgndition; of WSS skigtéscostmietad-ni ng new
tag pPpoiflaBfy, MeldhaREn 418 I6AINTES of PRE.MYGk A Ytk 05%21&%@%&, #h@Qafa OM the

tracking 1nformation server. The e-mail system may t he nmessagi ng system

93 wi bquisitibrecanditisioi indeteettdistapt2iSdh Querorerord datg Eequisition emditipnssedefinady an

i ndepengden - Al V] rovider t e S fd hat

commun 055 Ea B ik 8 sRbson p DR comt Rn B Rigr MgRoiheave been
est abldatalseduisitish epnddns ark Befiosiniu nerastof position, gimanémperetniye, atrain) wiitagd4 t he
net wor k processor Eecks f.or. new 38 WO 2005/022292. PCT/ US200 /0%114 25

e- mai PTEGEHe F]rdaéé steshApd qiasrpargpRiers @pspstaled, WHR SERTS aRspEpiof TE et her or
not t'ﬁ!ﬁ&l@er't&g,aasﬁh‘%,‘_’\bncﬂ@:gtrﬂ{sgf)ﬂt hehfRl KBR thirGkYoskidfl PASffe phraaRi @ or not
there is newe-mail (step 236). If there is no newtag profile (i.e., no

new easrgciajed with she pogitign anfdime dajgriregivasc by dhe GPSr receiaete s Otheswisantbeat i ons
ith - MR s L - : t k

br oce LAY i SR Kbaaib 5 SFRRRLARA RSB LR ANl ieR R 1L

st at e sefdexst , Thieg the dersmquisiichoronditiondg rdetected bynstmparirigoa slafacacqalsiivoge i n

state, data acquisition, a data downl gad * conditions in accorgda with

he. caPEGiRer L e GropT B ioe) Btpmpenys gt ARy R BTt of BN cat | ons
bet we@Bsitibe on@h¥aits. ThOSRS&Gro@Bshr ifttudes ARbHtheEIbLOmpH R ROsof, @BEitibaed, t he
networ k processor resets the data communi cation |ink of the tracker tag and

r et ur 984 tignesdaty to the data apqpisifien parpwetsrs ingby tag profile to detect data acquisition
conditions, including algorithms to convert the measured data and/or the parameters for the

comparison.

[00161} Atstep 256, once a change in state condition is detected, the sensor processor wakes
up from a sleep state. Next, the sensor processor acquires and stores sensor data and/or position
and time data in accordance with the programmed instructions in the current tag profile (step
258). The sensor processor may include algorithms for converting sensor, position, and time data
into suitable information for local storage and subsequent use by the tracking information server.
For example, the position resolving algorithm described above converts the raw GPS position

_datainto XYZ or XY data. |

[00162] At step 260, the data acquisition condition ends. Typically, this is simply after

sufficient time has passed so that valid measurements can be obtained from the sensor and/or
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[00156] At step 236, if there is a newtag profile (i.e., newe-mail), at
step 248, the network processor uploads the new tag profile. Next, the

net wor kK mrE®s/8RRZ er m nat es conmuni cations wth the ergmiU$0eymb@E@N (Step
238). At step 240, after the network processor communicates the new tag
profi l o) [ pr.ocessor e SSQRr shu down .t.ne net wor k
proces g}c])?trS Ry o&@% tsdﬁ d ?%ée g%t%‘s ?owg V%rc EJE: §%§ P Hf},ﬁ%{ %1?? ?gﬁ%ce e%ﬁ ﬁ&%ﬁt aa%(s}non

| nst r ucbnditiom fraomardee thut vy daertql, dfdr legathpleothe tdpeprofily papinclude Plogrithiied 15)

within.the storage device 72 (EFLG associated.wth t sens processor
71 (e £ Sn S Sah Boduiton S HieabTRCE RS Fne dpderr et ©* o
corr eSﬂfvp@beE)W po @QE@W Dﬂﬁta[cqtif%ﬂﬁ@ﬁsqndfdwﬁgeebegihj aﬁe@ﬂn@%ﬁ%_ﬂiﬂoﬂﬁé ruction
is not altered by .the new progranmed instructions it will remain in effect

unl ess detseehang oRBeeamtbthe ferond condifinn is petested, Inprathes xample, Beirgraellet ed. At
step 242y ihélfds b Ghstitio© ci'fﬁh détasd_cﬁ’éﬂitﬁnafo‘? -&ix@%utés Ner RE OCESS
per for s~ progra iInstructions for change in state, data acquisition, and
data doowaft d&d&)ff g, vibvaton measureoredfnedetedteds Inibis eyamplet the dgtaprgfisitien 79

(FIG 15) ¢kl ..€q.. J.nckudi the . n .ogramred instructigons) . [.0Q157] In
Snot he P Reret: o B srele SR R R S PR e mid b « Pon
a text expimdsagi ng system may be used in place of the e-mail system In still
anot he odi.pent _direct two-way ¢ommuni cation may he used jn place of the
e- mai | E@E?Je ml\?‘TE"édESS‘]’I}SPhP%}‘fB%Sﬁ’éS‘}/ﬁ‘é i SteRt P '@%5@0&% pi5POlEE i ng a
change ptdeesrdthitrs 40 Qt@gtzsa: Rvheh Rfoth Bl APsdquiRltRELDAMH oA By ddisetdr. ought out of a
sleep State in ste 28 and returned to a sleep state in_ step 240 instead

of thel@1&tk Jpanetbersmbodiroomt obhepeacesfor kantlling @ date acquisitprgongdition stepst i | |
anot h6256 E@é’%‘i TR emoved Rid %ﬁgsen%grgProgéSQM At fﬁil%&{ 8%@3%@% (ﬁi}ﬂlgt{ﬁé h the
networ kK~ and sensor ~ processors remain in fu up operdtion during-the

pr ocesgrockss. yet anot her enbodi nent, steps 228 and 240 are renobved and the

net wor S I process a comhi ned i.n singl e . processor. . The single

oo SRS > SERR e RIGEE T BianS, s artinentor e Bloses 270 BF Grsir tagds

_FEtUrn?&p&ﬁt@aﬁa@&@owﬁbé&@oﬂdﬂﬁ&i%&%s&b&@ﬂblﬁs ST it PRASSET thef the emai n

in full up operation during the process. 39 WO 2005/022292 PCT/ US2004/ 014025

[ 001591rache fing & Ryvesred vpqand that themoweT upfeset pondibipn % ditph 46 inseaplatt the

t rackeprdragih 2ihe Wingelif sBAOSRRRGA AP S) hAdhca bk BEEHIGR NexElihs bgst Whi ch
g ng

creates at ast a periodic change instate condition a correspondi ng
per i odidowzloadeomditicmi ip detabted (stdpe2 7d). ¢ orsyeredata akquisitien cemditiolisrmendefingthe
tracking,information.server 14 (El G 1).can deter.n ne . that the.tracker tag
57, g Pheob B 0T 461 ctiihel B otpf BlnRBR i Mot e IORiBEEL, o ¢
an e- ndath atqniditién toralithals dr@definkad'in Weluds BOpositid, itignee Ceovperdtine, §thin, p@lthge]i C
self-test interval for the tracker tag 12'.. Thus,, the tracking i.nfornation
server Pﬁeaﬂrw_eﬁ%lﬁf seihest G RsH _ng}eéﬂ%% risopintzdicith seRsorsasietiated HitiiPEat i ng
with t'ﬂ‘ﬁcl&f_ ,'ass%ﬁ%n%r%@pdﬁ_ vES I8 X RG&E %Elatttﬁe BSsiﬁ@xWBH&“ﬁ%_%b&ﬂn@t%rs%er obl em
so that maintenance personnel can investigate the situation.

associated with the position and time data received by the GPS receiver. Otherwise, the

-

parameters for data download conditions are associated with measurements by corresponding
sensors. Thus, the data download condition is detected by comparing a data download parameter
in the current tag profile to a measurement from a corresponding sensor or to the GPS position or
time data. The sensor processor includes algorithms for comparing sensor, position, and time
data to the data download parameters -in the tag profile to detect data download conditions,
including algorithms to convert the measured data and/or the parameters for the comparison.

[00166] At step 276, once a data download condition is detected, the sensor processor wakes
up fromn a sleep state. Next, the sensor processor starts up the network processor (step 278). At
step 280, the network processor initiates communication with the tracking information server
tracking information server 14 (FIG. 1). Next, the process confirms that communications

between the network processor and the tracking information server have been established (step
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[00160] Wth reference to FIG 18, an enbodi nent of a process 250 for a
tracker tag to respond to a data acquisition condition begins at step 252.
At step 28a20051022292 presuned that the tracker tag is poreras2uwonmes t hat the
power up/reset condition of FIG 16 is conpleted. Preferably, the change in
st at.e Ik : Q%gq 9@,&,

acqui siczt%?gr#%on ?%ﬁc%]&fgg%cé)t%gg?g%%?%t ep 2@4 : %Enlﬁqg?éggrr%}rsgn&g gg%%gﬁ?%rition
condi t iroore uagre idbfifiedth the pragrammed imstructicng of thsf teg prafile ftveresdiving g@agkeini ce of

the coryr ndi n r r .t.ag., Typically. -dat a.acqui.sition ndi tions
are derPRRECR B e 358elcq uB agi kRl Bobdtgord, MG iR B RS p PR RS

pr essurtke user idestifingthd fradkesiag, R, atllkdet dpanlaattaditions Jhe teat @essugetrhayd@nsor s
associ g d \é\éth the .tracker tag,. asset, and/.or transport hic]e. Note that
the podiliveRt imie fssrbyhe faeins Sfymeation SEsEs Yp 6P ainer VERE- PURRARCHFISRid ti o

data refeld@f cBMnudecatddIhe Q6RbY, HositithNEIdMiSEe datd \QoreBahalE e HufRf ofl e
acqui sition conditions are -associ ated with nmeasurenents by corresgondl ng

sensor $toragadevice frethg ackwak gricsisor and thentweikarossssayslosmieads e stas feg a
data a boS gkl i } a f] 0 nt from
o cor  cpablibE eoR R RIer 17 (PSSR ol A A e 2857 th n R

pr ocesdemminated coobemusicgpoms tvhitts thedrackimgpiafiormationesesonr, Nexs,i the eensor prockstorme dat a
to the ta acqui sition paraneters . in,the g.profile to-detect data

hoqut s AoRE b R B e A ol AR RSB P BTG ot
and/ or g€ memanRtpeis, theprdcbs reteai¥Rakties 0T whBOdbH erdbtasdohlcdGondi6Lisa
change in state condition is detected, the sensor processor wakes up froma
sl eep Eﬁc@d Next, the sensor processor acquires and stores sensor data
and/or (BOf7Y i ORt s@pED ﬁ%oﬁﬁh@nibﬁio%%%@fv@?ﬂ% WhthBrit BRBYSBH hAN HRkrackin
instructions in the current tagégro ile (step 25 8). The sensor processor
may i néhivdpatigngerer memot emiismnd.che netyokameessor pessisthedata communivetiatdink i nt o

sui t abl Ef\-tﬁerﬁé&gﬂ%?ﬁ'dﬁom !%c&é féd){oﬁgg?%%%ﬁ%ggggﬂuent use by the tracking

I nf or mati on serve r exanpq e reésol ving al gorithm descri bed
above {O00MaSlt S dnetheasmbhimeatifithoprocaiafoa hamilingddataadiowitoatbdoaditioOlt6R] At

t 260, the dat | Si ti | ti . cal Ly, this i I mpl
S tor  TaSsHIET SR FRLOHIRS) BB L R Srpy LG e EarroBe 61 3 ned
1 0m  esiBRRAIcANBN oAl U9,29ARH $3339%n FGT LSROPAOLAARE, (DS andskt | 07

and tinme data. wever, the tag profile may define the end of data
acqui siambedimebrgicombinatian af thepasing: trehmessagies. aad ednailyystensangy e usedie t ag

£l : : j ; ) Siti
b ver el ek G IRTREL 1o WS i @M DBl the RUUTSBLEAEMY 01 1 O
degr eednifateBapaata cominsinidatinnsatodicliverthe exbmgssage afd downlhad fhesttredcdatai fni on i s
det ect ed. t] til th d Py is d ted. | th
excanpl dbis oAb Tk Mgt P O HP e ISP SRS ISR AT ng.
dat a acgitcsitdd With fiRpaking@ystemyekbmatshging 8fsterd) Anelf@fel mhid k@@érh irstead of the

vi bration neasurenent) Is detected. In this exanple, the data acquisition
tracking information server.

[00169] In another embodiment of the process for handling a data download condition, the
network processor may be brought out of a sleep state in step 278 and returned to a sleep state in
step 290 instead of the start up and shut down operations referred to in FIG. 19. In still another
embodiment, steps 276, 278, 290, and 292 are removed and both the network and sensor
processors remain in full up operation during the process. In yet another embodiment, steps 278
and 290 are removed and the network and sensor processor are combined in a single processor.
The single processor may either be brought out of a sleep state in step 276 and returned to a sleep
state in step 292 like the sensor processor or remain in full up operation during the process.

[00170] In one embodiment, the tracker tag 12° (FIG. 15) may include the power up/reset
condition process 200 (FIG. 16), change in state condition process 220 (FIG. 17), data acquisition
condition process 250 (FIG. 18), and data download condition process (FIG. 19). In this
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condition is detected from for exanple, a vibration neasurenment and ends
after five mnutes has expired. [00163] Next, the sensor processor goes
into a sveepisoaie: (step 262). Fromthis point, the prpcEes2009b14653S to step
254 when anot her data acquisition condition is detected. [00164] I n anot her

enbodi f.th r s, fo dlin dition,. steps
256 ang&g;@&é’roé’ &5%8%%5%/5%6{ %Oéﬁg%oﬁlspd-gceﬁ? gc essor fm%daﬁ] &ﬁ C#]

oper at state cdnditiog pideess 2R0 m&rm{ad)&héﬁi firdt tHanpefetaacaditionh ﬂ‘mtecft&i N,

enbodi gent  of a.process 70 for acker ta res d to d a downl oad
condi t% &35%6?%’% ng‘?@b Oy Procags 1?5%’ F‘?tcfg h‘%f‘t(i1 S ¥racker
tag i sfRMeaes thddadbwtledd édﬁﬁaﬂb%\ﬁﬁécebﬁdmtzh @@mbadsqne Qbrofi dsta b 1he
conpleted. Preferably, the change in state condition of FIG 17 has al so

been c&ﬁﬁ?%f%om@@hqgﬁ@f%ﬂﬁm%wﬂ oad condition is detected (step 274).
On f
e or ?1 Etré\)ﬁ}ce O?%%hﬁﬂén%%@'% | 6ffle drl ﬁéﬁeth%é ?ypof ag

profil tor correspon |ng trac er tag. I cal |
t he daoatum;qm Tsmt‘»ldatﬁ casitigt thenSrstchangefinntate qondidionsilef cposs fi finst datarre

tenperaf ure. Str Les e-fle |f-te and .ot er

par amef €S ALL EH adétfdéldanﬁ ?%s‘s% dﬁgagg%wél ‘gs?réqlté% %ﬂd?%a%ﬁ%te&t ?8{: RIS e hs s et |
and/ or pidgedismed instredtionl Say bi@éoﬁ'yﬁ']ﬁ!ﬂbhddge ipaste toratitiGitdrd dedtddaviaitieps s aar e
associ ated with the ition and tine V(Eta received, by the GPS receiver.

O her wir&stti °m68$%$r%€fé9 giRsruguing apdWArHAR e SHFDsitign fogy ewe syringiad wi t h

Teasur gamRd 8N cHARRARACRML Mk vBRRRA sl Be HiRadiRd idanRligAdepRAL I On |5

detecte aring a data downl oad paranetér " in the current tag profile
to a rrém; éh@:t ate amsw%mgmdrmgetg@ﬁ@&r Rositios dataPimealita when or  tine

ggts?tlg%?tﬁ) &ﬁ?ﬂ%.gﬁg%ata 111'0{3# da%‘ +rga pa?%r%?%?@{#%lgm%ﬁ prof| |l e

t o det ictundatga d’oinhrﬁamaﬂy,cmwdpnogmmned imsttacidensgmay gepecifih isatt dete dowaldadt he

276, oA AT Bl S5 BB M bt BUREr 1k fetP Ut BREEts akes

up fromdewhe %mxﬂé&erdaﬁ&ﬁwmné\&e%ﬁgmeﬁsﬂ@h@ﬁgssor starts up the network
processor éls) 278 step 280, the network processor initiates

comuni @Y Fipr h%rrl%ﬁ%qr%fcaﬁmﬁﬂméwﬁs@@wns eheagig rﬁi@tq q@%ﬁlﬁtﬁm on
Se“’eranAdn&dﬂsGandl)data &#%Pﬂﬁ(ﬁg cBﬁ(ﬁﬁ ahQAl bf Wtal BHmoRATEMR A anet ween

t he networ rocessor a trac ng | nformation server ave
est abl u:apienﬁe(ltsd efhe piot® 2baB¢ nglzh@@rm@fm®4¢@mamm9hang¢ in state

; .' ;
C o Tone e Bl AR on Sn BHER X pb P BBl B R R M P
profil & fite Hagigeiliiong etnbddireritmultiphs dmtacqxﬁmmﬁ Bohdiioteingy bededided idownl oad

condition, Typically, the page is a text nessage to the user identifying
t he t r BemRlil tag, asset, and data downl oad condition. The text message may be

del i vey o%ﬁﬂs? tWﬁh&'&@fenEB’totP'TG 30, 2 ¥inBEdikithOs b QBs $6U % bnitiRe 2RI NG

system Nex he sensor
fora tracker tag begins at step 302 where a user is logged in to the unsecured area 156 (FIG. 11)
of the tracking information server 14 (FIG. 11) using the monitoring device 22 (FIG. 1). Atstep

304, the user selects a “configure tag profile” feature or option. Next, the fracking information

server performs a security check to confirm that the user is authorized to access this area of the
tracking information server (step 306). At step 308, the tracking information server determines if
the user is authorized to configure tag profiles. Next, if the user is authorized to configure tag
profiles, the tracking information server provides a tracker tag selection display to the user on the
monitoring device (step 310). Otherwise, the process returns to step 302 because the user is not
authorized. At step 312, the user selects a tracker tag, an asset associated with the desired tracker
tag, or an element associated with the desired tracker tag for which the tag profile is to be
configured. Next, the tracking information server provides the tag profile for the selected tracker
tag to the user in a configure tag profile display (step 314). At step 316, the user selects desired
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processor comruni cates the sensor, position, and tine data stored in the

data buffer of the storage device to the network processor and the network

pr ocessaVOQMHMREAAs t he stored data to the tracking i RCTAISRAMOMOZEr Vver 14

(FIG 1) (step 286). At step 288, the network processor term nates

CoMMURY, EAL AR N), ilibA GRS dbil QWi B @RSl coli¥tre th "

procesgg?éelgﬁutéé\ndd%v?}:]@ﬁe ﬁ%&n@ghﬂgr&gcessgr B?%’?éep{) _2906) . éﬁ,ﬁﬁe s‘?g 55@9 t he

sensolNegt,ovkansthe wersavenths desibd ehangstintstate, Hetacghistiogoiapd datatdevwmierdess

retur . 4 R iARQLA8 LS 5 ) b td ' d.

[00165}?11%i 0%%?%@@% Fiacomrﬁﬁ?%sa ?%%tggg:gﬁ\}g%%@ﬁgﬁ%@%ﬁ(@p%g@g?gﬁ and the

t r ackitlngtradkidgoinfatriation severegenamates Rahessapefto thegd] ectddaravkentog kvifirthe asslyr reset s

the data.co nication link of.the tracker tag and returns to step .280 to

try a " or
Ghin el g e Moo WSl nednmratocpisa fern heore e e Sty

handl itrgke téa{stepdRonl oad condition, a text messaging system maybe used in

pl ace of the agigg_system In still another enbodi nent, the e- mail system

(e.g. JOHAGS eﬁw digen, apbodiggniyel thedeg pielis endisyration Pronest, 1Be USEE I I n yet

anot hggy | ; SapR ' 0 leNQin &t | d

o i S o on S PR ARk Ukl e PRAAGIn (@ LTRIRIR BT

sti || pyafilenarottnbe cembwalynemifigurdde This isoseful foreseple, faryconifigitatian of tagpar at e

communications .t.0,del i [ e tex ssage and downl.oad,the stored.data. In
TS RR56iA80 it b Gl b G A MG of SRS T RIS

Se{j )/i Q‘@r]ﬂt@@&i si@ilar am_emiiadseas mﬁcett? rlfbmemmﬁgmt 'Ig_rlgorsig&f_ feelm’rﬁeen@ct_ kaﬁﬁgagbds?ggﬁg ]eml
an or,. e- nul S emi n a (0] e QCKI Ng ormatl! Qn rver .. n
anot héspmaﬁeaéiéwmﬁ@%ﬁf%wgé A45615 A AaRIeR B SeeRia A Ty 8leedrmit i on,
the REIWPEKIRLQIESSOF taFBfofiR RBhARSREoP UWHRE n%ﬂﬁ#.l%ffig Blodl& drdcsthBni/8 and

returned to a sleep state in step 290 instead of the start up and Shut down
oper achuhguredites mespagopin stepriA2 is sent t¢ multinle porzaspending tragkisptfighent , steps 276,

e SO0 ot i BB RRRY Al AR Bl B e R e BB r

st eps nZiiBmesage 290 tauree-naitaddeksa agkotiated vathnhe lselentdd s tagviatkss-arailar e

conbined in a single oces . he single ocessor nmay, either be brought
out _ofvseais gy PoR eanBhETa) o biteibe finh RS ey bt ifidnestiae cp 992
li ke kb t6 Qe mEkAERS sdireRlasiiBEDwith thdddlectsd ©RREAE @il & Wikt RMesdaBRigPr OCESS.
[00170] In qgne enbodinent, the tracker tag 12' (FIG 15) may include the

pover SkgieRedestill appiber soahodigpentctis messagemay, begitirect daiagemmpuiieation te 8igdi t i on
proce 7 F: L 8.t kel . 18),
Dnd darisied eplisjog (o She 6. Rt hidthach@EON R R B SIGEAR, Tk RS 2505
PCT/ Us2oonitinm/epsr ocpuoividgd batndspendentsepdoeprowjlerseset condi ti on process 200
I s performed Li.qrSt. the hange | tate congdition. process 220 4 s
por § oRET8RN e Wit eeferde® o ERE 21y AR Sfamle oBBfrGRRY b ol 86 Rafond T
dat a afdWwogirbl Miforemidhy imRiuded da es tag2mdfiles 7per (4o isnp@vided acThis rreflevnd et or e

data. This is . .
: programmed instructions in this exemplary tag profile that are directed to operation of the tracker

tag whether the tag profile is stored in the tracking information server (i.e., tag profile 104), ina
message to the corresponding tracker tag, or stored in the tracker tag (i.e., tag profile 79). Note
that the tag profile may also include programmed instructions directed to operation of the
tracking information server. Preferably, any programmed instruction directed to operation of the
tracking information server are removed from tag profiles in messages to corresponding tracker
tags and tag profiles 79 stored in the tracker tags. In this example of a tag profile, the following
syntax rules areused: 1) aline beginning with a ampersand (#) is a comment, 2) the end of a linie
isidentified by a semicolon (), 3) variable are delimited from parameters by two colons (::), and
4) parameters field are delimited by a comma (,). Of course, any suitable syntax may be adopted
for the tag profile, particularly common syntax rules for script files. This tag profile is
configured for a tracker tag that includes a GPS receiver for receiving GPS position and time
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foll owed by the data downl oad condition process 270 whi ch downl oads the
stored data fromthe tracker tag to the tracking information server.
[00171] Typizeaslazy292t he programed instructions in the tagTmsedoiloetozs e such
that the sensor, position, or tinme. data causing the first change in state

condi ti I T | St E{ﬂﬂ;& ' Lr dat a
downl oa E}’égn R ﬁ%gﬁ%oﬁgj] %gtsc élgg%g&?:ge%g%yk%pc}@%} e%%%tggré;ﬂn’%cekgr gaﬁéﬁéyuct I ons
may speduacifige dryadomtiaatge df ons patere vibitioh cersossy; Enpetaiesdnsahe straiin@aegdss a
transiti?n fromengine off to e(ggiﬁn? runni ng and when there is a transition
from eng HES YHRPrE T e SERY M A A P, S@E%Function with the vibration sensor.
The pr qoo ermyedLinedtofied th@pfiieidestifed tradlee GigMp 123456783t Thivds busighe Ricker
conditions_are detected for position data and,tinme data when a vjbration
change tpes 12 el assocites i (g Eraflga maléxﬂéw%hﬁvm&ﬁ%@hmaae%w@ whi | e
the engipyg (&, ﬂgnni ng. Additionally, the programred instructions may

speci fy that dat’a downl oad conditions are detected for all stored data when
a vi br 409618l chhinge 2-13 defaneesis ohangd tnstits opadiionsd Tharrdatevir ghange ith states

t her eaf - Whi ' [.S: i .NA - 7 Qi

servic ictﬁgalc aéngog plbgli%g? glgieen@odrl{ M%@%@ Q@ﬁ%g%@%’?eﬁ#éﬁ %éié) ggilntsl%itls gﬁ&%%{)ér)\%‘fc{ I ons
and datchaageinistatd conditivas fhirtvillratiora HEedielf vitkation clowge iredate conditiowisslefingd be
change i tesgs SB5 it D S prungBinE Do B SPra it st o
nul ti pl@ndisiba iimmboarh €aReidn 18 efiind@ruhhinglto ergind dfMendBeh Semdifling O€f for

enbodi nent, nultiple data acquisition conditions may be serviced.in

par al | épn mfmdestlipesg. Th Aedescabriaboye.apeccelomglst byibe Hpekentagorn disppgigss 300
to 'CO”fbleﬁUée‘B vibrhiiéhsRERE it wih?ﬂae@%éiﬁ@ﬁiﬁﬁ{uggﬂ? vReHAS aé’sbc%ie%%ﬁﬂﬁe £ a
0 ed area 1

user is gged 1n to the unsecur FIG 11) of the tracking
i nf or maff. oWVaitirg/for thetergmaZo retpinusifrior ¢ periorbofl time iengpreethiat @ ch@gehh Gatel) . At

step 304,..the user, selects a yconfigure tag profile’ at ure o tipn.
Nt (BSEbRT AR EEeR Ml adple BB i el At bl SR R a B BBNAT | 1
that t ﬁeruﬁmligggsmnAMﬁﬁﬂggg%%d Iﬁ@jﬁb@@djﬁﬁﬂi@or&mav@ftofshﬁthetaﬁmkﬁﬁgghﬂieﬁr mat i on
server Sste .. \§ step , 1 he tIaC I N | rrati on server etern1nes

i f thé@%g’PP%"%‘G?ﬁBPﬁl shange an stgierqogditians %rs%a?@, 3@@%@ ogrenge tiéer i s

aut hor i gafhr HacCRBL &Gt O f iRGssR AT WERh teBackEasK ilsddift@r.mat i on server
provides a tracker tag selection display to the user on the nonitoring

devi ce [081%Y) 3Thyre ack Free wharge intwéate condibens for temprratorest The S0 ttrapaetues t he
Lot ol MBS ) A RIS AL D BB Ry

asset a Sire g, “or an asso
w t h t Ie(lideS).r €k decankehangain state coddiiton is Aefidedgs pifdling ransitiéroinlemparatatd gur ed.

Next, the track] I nf Lon seryver ovides th a rofile for. the
el et o Tos et Sosps ofti o0 sBRine ologt #0 Biereeh BoomBre e Gve Bt ot ep
314) . Adin&d €N 0B 1A tethpRatuberenSdt! A6 HBtiHLSIH BelwedPgrdleP PR 40422865 F and less
PCT/ US2004/ 614025 ¢ ange_ in state, data acquisition, and/or data downl oad

condi t itBasAQ degresaFi Y attdng fou thedempgraiurg tg remain below 40 degrees F for a period of time
ensures that a change in state condition is not detected for an acceptable variation in temperature.

Of course, other values may be selected for the upper and/or lower temperature thresholds and
the waiting period may be adjusted or removed to suit the asset being monitored. These types of
temperature change in state conditions are useful, for example, to monitor refrigerated cargo
containers, trucks, and rail cars. ‘ |
[00180] There are two change in state conditions for self-test. One for self-test pass results
(line 11) and one for self-test fail results (line 12). There are no paging instructions for any
change in state conditions (line 13). A paging instruction could be added for any or all change in
state conditions. For example, a paging instruction could be added to page user 456 on a self-
test-fail change in state condition where user 456 is a maintenance technician responsible for
tracker tag ID 123456789.

45



Next, when the user saves the desired change in state, data acquisition, and
data downl oad conditions, the programmed instructions in the tag profile
are updaftveo2¢os02329818). At step 320, the tracking i nforPapUSZNN4/8RIDSCT
generates a nessage to the selected tracker tag with the newly configured
tag prefdq Ne ki '{an{i&%]ﬁ%- r Sard rr&%}ég to the
sel ect 3(?:1 18?; é%stlggﬁ(géfgﬁ &%a. [0 ﬁer%&gﬂrifyrgdd?tE%gn e%%ad '?:?ng t he
tag pr @bmdiéomsﬂuayaJcthmtb acquissiersand Stm@anf@psmmy nmwﬁicatlcmngcmp@mbnnaelfon of
mul tipl cke S r mant S rrul Li o ag
profil éeg‘t g?% ch E)eé? fa% cg% daﬁ% g(éqmsf‘ o%cl S lﬁ@eﬁ%ﬁhﬁ\%or ex& ﬁ‘ﬂ#g‘at

conf i gusaditiomtoofhitiad is n&taﬁdl alnd prcasdaars adameﬂal\mguiucﬁoﬁslfm&thmmmn tad stbiage ¢ff U c ks,

of assereeihod ! Geac SRAuANGOR GHA PGURBHDD P Sana liats 15, JELEF GBERHIHS o spi oy

in st e@a&lﬁbmnlda% @ 8RB aP&REP tedNfintted 18R 8arRk vRIRTBOLS:ihOis
simplify selection o mul tiple tracker tags for tag profile configuration.

When mimatipg. dnoghyr poeds, aﬁgstmwmwwsﬂmwpn@uew detented s thyeviiratiost ep 322
IS sen I ?ﬁ&hﬁ 1 | il ment of
t he taté:h&% FH F%{sgdgg .ﬁlgﬁlr%t%ﬁ’gﬁﬂ%?g’cée S s%eéécgéarm I3 fﬂln e- aanﬁR ﬁg)rressage
sent t da@recquisition cadditions ar&siamctedt@drw\ien hnmh‘es mﬁbﬁlbe/mbmnm kﬂmng’ea:g smtea t he
e-mail _system (e.qg.. e

reoo g R BEn o fRbging oy e “Aho bR AT RSRALED S at oo
Wi th tldetesiel edies thehvitrakien cHage Mistat@cdn@ition BRI GaiiBe to chgilesTlis dBtested.| Theanot her
enbodi nent, the nessage nmay be a di r@eé data conmunicatjop to the selected

t r ackertimesdta semistiomeqndiions Sines s 1 e algp HgiasAiscmseagh yitswian ¢hange Phe

t racki 0?5% geehily dehtin iders.
[00176?&6\1% hre encgs’te%rygﬁnéﬁészﬁil%ﬁ exa ?g%ﬂggogranﬁegﬁsﬁgﬁﬁfl ons

(i.e., ae@mtanmambmragmfmmomﬂ@hmtdawhdeﬁmmwcbls ninaingad higdstd sesefd, 104

29" pr 311 Pecipi Sodaf Bl Tebfe sRRRRAIRe 9% ho”  aoker | Lag whether the

tag pr¢hd1se] i sSTh¢ efbeationndith aciuisidlh ngnditiboy (iick A9, 20) vey défined. as cb:agath ofile
104), i

ssa e to the correspon tracker .ta tored .
{1 axkerraip FHBeg n gt PORRRG: 7356 VRESEPn (i SoartPa gopiBeR phogiudre,
i ncl Ud@nﬂﬁﬁ:@ﬁé@ﬁﬁﬁ%mﬁﬁﬁ Bt @ Bta 6 A1R0tb D ab¢hiRR ahdétbRI alingtvWieh the R/ﬁﬁéﬁdﬁg
information server. Preferably, any progranmred instruction directed to

oper at idgie. offhe Hemperpinek idalg doqmisitiont ¢Q§\dlt§¥§llsv(élrl°9a2é ?Onereedeimed mst ey egpbof i | es

in nes in the
| acker Bt AOhLARRANAAIRAGK Efery OORANE haRARL Ytietfe EihoBlLER | 1 L0
are us @,deate’c)‘hmﬂ 40niegtuaeanm‘hm1gmpe¢ah1ra dampeqmsamh ¢onjlition alsodneindestinst2ptietse end

of aI| |S|dn mcoo varl eare eliimted from
par arret pogjtjon Wﬂitt gaﬂgls(also)to EL) mrﬁél %@fﬁé P§W11 %tegxpgr g'g flz{‘ﬂitﬁ}f by a
coma (self-tes@bas:soam BcquiditorS trddatiing (Eiex 2 mxardo@efaﬁamsedl edcBselfhiest ipag
prof|I partlcularlﬁcommn syntax rules for scri files, This tag proflle

comhagirsatesPndion o Excseliriay-pasdats arapisios candipen g Brlides pIRICh@RSei vi ng
GPS posﬂhatt QEi8R dnd tR dafflis also to be acquired and stored along with the self-test-pass data.
The self-test-pass data may include information identifying elements of the tracker tag that were

tested and corresponding passing results. The self-test-fail data acquisition conditions (lines 25,
26) are defined as on each self-test-fail change in state condition. The self-test-fail data
acquisition condition also includes instructions that position and time data is also to be acquired
and stored along with the self-test-fail data. The self-test-fail data may include information
identifying elements of the tracker tag that were tested and corresponding passing or failing
results. There are no paging instructions for any data acquisition conditions (line 27). A paging
instruction could be added for any or all data acquisition coﬁditions.

[00183] Lines 28-39 define three data download conditions and two page instructions. There

are no data download conditions for position (line 29), time (line 30), and self-test-pass (line 35)
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WO 2005/ 022292 PCT/ US2004/ 014025 data, a vibration sensor, and a
tenperature sensor. In other enbodinents, a tracker tag may i nclude any
conbi nat ivom2@fE/ozx2e2 or nore vi bration sensors, tenperat UPET/ESNBQOR025SErai n
gauges, voltage sensors, pressure sensors, and e-field sensors [00177]

uni que T e Py BiBiinopl - ok Blte ot SRR SRR KR i

trac ketenimixhraym@ salfm-cfdiﬂ mbaﬁgeamk&tatet@gdltﬂoas 78§e(cEI data dpwnload Jc'b&ihtibhnes

2- 13 de i n stat ngdi.t.i o ere e tate
Coma ¢ fasifies chaBdtndf St o SRR BRcq R Bhsvifks St b Grians B

enbodi fRMownldad o€ cétdfin tyfes oftdagd) Fheivibraii i @tLAelbddddaditiohs flides 3t |3Qpare The
first V[Fﬁqratlon change in state conditjon is defined, as a tran3|t|on from

engi nedgxe taé(’%ﬁ@qhn‘é retiom el se 1 state sonditionand ex e @1ght Bows fhsreadiguwbide the st at e
condi t %ﬂ gedf@mﬁraﬁBﬁﬁﬁatdo%ﬂJaﬁ%ﬂfﬁ%hr}}%or%@ﬂﬂé@mﬁﬁ’u&%ﬂb Bfat Qflf a”d
emai ni ng of

then r for ten mnutes (lines descri b above,
accel estorndideta (i.6, ponition, Meﬁenma@ncamel&t@tﬂpa@melfmmlé ks to bbdmnlombd

associ at n r r th,& he engine
of f. | ? g r‘l’%ﬂhf @re Y rﬁ%’%&?@e ﬁ% re Er%r ?tg (ﬁ&dng& eC?’%ogl%hghg&rsr\g 3(‘924 uir‘}es t hat
a changdefined as batsch teapetaturechange m@tatmmﬁioadnd tarry Gxaniges théreafien wfhﬂa ck

ort odtiyBEvER G BEriGr hrR A UEHER < B e S P AERTHoD Bhose
types a{cmatepti@gmeﬁo@%g?omoﬁraa& EnteORdth lis QRS B 4SRhIhded! AbnSNWAHPHEe, tO
| og engl ne time, and/or track novenent of the asset with which the tracker

tag islenpsedwgidets. Tiooshotestihd datagdoamiapd conditigas (lines 881 &) @emdntined a8 oror
tenper gl yr e redhigin fo h&%&tﬁes%g'&@ﬁdfﬁ& ‘i‘ﬂ@@&?tés{‘{@; %I‘t%&Sﬁﬂﬂa& 'c8ﬂd1t(§zt ﬂﬁ&' ned as

arising transition | enperature to greate ne 8).
The seumhtdle&imatrg@mnaﬂmtaosaumm ume:)dntas adeftd be dcquered aﬁdtbﬂoradgﬂdngamﬁx theon in
tenpera%%l ess than 40 degrees F and then remai ning bel ow 40 degrees F
for P eﬁtaﬁ‘dfq mnutes (lines 9, 10). A tenperature sensor can
di stingoish] berheee BreOfApdging htudiond € @aa dowalid| esaditiohfla Akt peginges F.
Waiting for_the tenperature to remai dcfg fw 4Q degrees F.for ﬁerlod of

el ﬂ&?

time SWEHston SPﬁ%{ie'?a R intohegpge @4t6ﬁ°‘V%1°ﬁ%?°Dd§%®é
accept @%)i ?oﬁr/&?ﬁlgié BlayibR s&ﬁ%}ﬁraa«.hgﬁe% to mdehit6PH] SfivitRk Qé‘slbci\é

sel ecte per and/or | ower tenperature thresholds an e vva|t| ng
per i odwiop ttackerdg w«smmvmed olkagefore, whengysenevhpositionytimet emsemsor These

I
s s b R
are It }[/\Danilbg.hgﬁ thmﬁaﬂgﬁmfmmdmcbn seivger fond resiehf the ast daten®hé mbnﬁ@icénﬂ-&ﬁtakpas s
results

line 11 self-test fajl results There are
o pag PRGOPTRSE A BrroonBiets AyEies FovGaoRt p1ahs pESeR o R AR HEresn A
pagi ngshaafiies ek LR 4564 1@ RSapsHRE sdlLtesMY data &Mnl@dmaeﬂoﬂs (181e®D¥ User

condi tions. For exanple, a paging instruction could be added to page user

456 on486,der gxampie; fnabfémsomamfgv@sme%ﬁoa@@n@mckmgMé2%45&589 Thgelose, a
mai Nt eQARLS el RGN IANFARERPR S Rifed B'the tracking information server, the appropriate

person is pages so that he/she can log in to the tracking information server and review the new

data. The maintainer can then take appropriate action to coordinate further use of the tracker tag
and schedule maintenance based on the nature of th-e failure.

[00185] The various components and processes described above for the tracking system,
including the tracker tag and tracking information server, may be implemented in hardware,
software, database structures, or in any suitable combination of hardware, sofiware, and database
structures. '
[00186] 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
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tracker tag I D 123456789. 45 WD 2005/ 022292 PCTI US2004/ 014025 [00181] Lines
14-27 define six data acquisition conditions. There are data acquisition
condi ti o¥e 200580202t ed with acquisition and storage of PpOTiUSzN/N142TTE,
vibration, tenperature, self- test-pass, and self-test-fail data Each data
acqui L ch it is
relatZ%&£%§0§?§€#l Qﬂdggﬁgﬁ%%%ﬁﬁvﬁgﬁggc I Ons P%? acquﬁgﬁg%%n and gﬁ%rage of
cert alnmvenymas Mbrajaptzmﬁ@ﬂig pioss irtended ahat ﬁ:eqmwsnttqnomnbmndlaﬁh albgndtivenes 15,

16) ar eac ration_chan skl condltlon and every
ten mngot?(tijﬁ a¥afla1° q}heea 1 H:'g’ ?gg@%&ﬁ St her words, a first

position data ach|S|t|on condltlon is detected mhen the vibration change
in state condition on transition to engine running is detected. Then,
additional position data acquisition conditions are detected every ten

m nutes until the vibration change in state condition on transition to
engine off is detected. Another position data acquisition condition is
detected when the vibration change in state condition on transition to
engine off is detected. The tinme data acquisition conditions (lines 17, 18)
are al so defined as on each vibration change in state condition and every
ten mnutes thereafter while the engine is running. This coordi nates

acqui sition and storage of position and tinme data while the engine is
running. This data is useful for |ogging engine tine and tracking novenent
of the asset. [00182] The vibration data acquisition conditions (lines 19,
20) are defined as on each vibration change in state condition. The

vi bration data acquisition condition also includes instructions that
position and tinme data is also to be acquired and stored along with the
vibration data. The tenperature data acquisition conditions (lines 21, 22)
are defined as on each tenperature change in state condition and every five
m nutes thereafter while the tenperature is greater than 40 degrees F. The
tenperature data acquisition condition also includes instructions that
position and tinme data is also to be acquired and stored along with the
tenperature data. The self-test-pass data acquisition conditions (lines 23,
24) are defined as on' each self-test-pass change in state condition. The
sel f-test-pass data acquisition condition also includes instructions that
position and tinme data is also to be acquired and stored along with the
self-test-pass data. The self-test-pass data may include information
identifying elements of the tracker tag that were tested and correspondi ng
passing results. The self-test-fail data acquisition conditions (lines 25,
26) are defined as on each self-test-fail change in state condition. The
self-test-fail data acquisition -condition also includes instructions that
position and tinme data is also to be acquired and stored along with the
self-test-fail data. The self-test-fail data may include information
identifying elements of the tracker tag that were tested and correspondi ng
passing or failing results. There are no paging instructions for any data
acquisition conditions (line 27). A paging

@)
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instruction could be added for any or all data acquisition conditions.

[ 00183] Lines 28-39 define three data downl oad conditions and two page
instructions. There are no data downl oad conditions for position (line 29),
time (line 30), and self-test-pass (line 35) 46 WO 2005/ 022292

PCT/ US2004/ 014025 in this exenplary enbodi nent. There are data downl oad
conditions associated with vibration, tenperature, and self-test-fail
change in state conditions. Each data downl oad condition identifies a
change in state condition to which it is related and provi des additional
instructions for the downl oad of certain types of data. The vibration data
downl o&4AMRdI t i ons (lines 31, 32) are defined as on each vibration change
in state condition and every eight hours thereafter while the engine is
runni ng. The vibration data downl oad condition al so includes instructions

t hat aWhatds oladmeddsa (i .e., position, tinme, tenperature, self-test-pass,
and self-test-fail) is to be downl oaded along with the vibration data. The
tenperature data downl oad conditions (lines 33, 34) are defined as on each
t enper at ur e1.change appagitaé ¢16,026li 17®M @) doLaekingi & endiably asséth@epahtier
while the tenperature is greater than 40 degrees F. The tenperature data
acqui sPrOVIINEIERRKIRG fermalion tPr‘?dpﬁﬂ'&f'ﬁgrf&qvﬂ%&izbdﬁf"t‘ﬂlagi position and tine

data is also to ag_;w{n I i

self-test-fail a?% om%#gg%qg nagil&? f%&n@%eﬁélﬁgg&gg?&gg}nﬂgﬁgﬂg’gﬁ %@%ﬁgg on

each sdat- fremt mudtiple ghebal epdsitianing systendisateliites TA40)s of fa- plabal frasitiodmga

downl o ndi.k k0N j nc es..i nst.r.uctj il . ti dat a
s ol oo GG P BuarlenolH o PEHING e TrbreSbaliE e bBMETor R

][ 00184¢loBbalepssitivring mtp@mgllii@?pmunhi'ﬁnmté Wasilfggeiyd@\mimm@peartgic;einmsi | A
irst in nstructjon specifies that user is to be paged for a

dat a dgﬁﬁ?@'g@}é(ﬁfﬁ{ eotH'Ee(qa‘i%‘].éngS?‘?“tl’Ee@ F'mfz%f, da?yofrass&g%q? é“{'tl%n"g? H?é'@ﬂrreone

assi gngstal hd ALK 1 HispObed idd agw&i&t@ﬂm@ hibviBR a8s@tat! 2 loddtionh

tracker tag I D 123456789 is attached. Therefore, whenever new position,

time, Wcilitalingoeceptiamof theppositioe dataoandthdime data, toe itrackentagi combeivingethe t he

appr opr i af . S.pa . /[she. C g.l t tracking
oF or ngdtigh 8B dfor R B3TaRR, HeBHL wEaTP o AT selbuis, O Rslctitid
appr optrardneittingt bmbmedqmﬂittﬁmaatﬁ and tilmer datgm&mﬂatgf cdimmugafﬁﬁbn natg@kond
pagi ng, instruction specifies that user 456 is to be paged for

sel f-t @éa'-wmrﬁmtﬁezya&gma@da _aéaﬂt_ﬁdttpéﬁ?cé'}’?')ﬁée@@)"? aureg'%sag@%',th FIPM@RAnpl e,
maybe gRdrBORFoIaRRDIABEGh VR 1R dHtaIcBnim@hk&tiont Aetwokk Idvtel /B8 trabker Bigoike.
whenever new self-test-fail data is provided to the tracking information
ser verinopertivg froopequip@enpassasiated dbe assett thettrankes tag ibalwdingg in to the
tracking infor ] . i . 18] I can
t hen t ake apprg?r#@p %Isg%s;(%ﬁ %wé%%rrgé('\én'g%}g(sfg E?’glaﬂl@r%g%gl—%? tlﬁgpécfeé\é%re t ag
and scpesitidredataiamidetimaedatayased on the nature of the failure. [00185] The

vari ous conponents  and pr.ocess descri bed above for the trackin ystem
i ncl udi ng '[rﬁe traa@ﬁ%rtag?g&e‘é'ﬁﬁ ?&Ac&irnﬁtoﬂﬂgo?%m%‘ﬁ §5pv8??tr‘ﬂay‘f’i’)rg1§%"

i mpl engYoRhted v §PEraton of the tracker tag and for selectively storing the combined
position data and time data; and

a processor (70) in communication with the global positioning system

receiver and storage device, wherein the processor compares at least one of the

position data and time data with predetermined thresholds associated with command

and control information stored in the storage device to detect at least one of a group of

conditions, the group of conditions including: i) one or more change in state conditions,

ii) one or more data acquisition conditions, and iii) one or more data download

conditions;
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sof tware, database structures, or in any suitable conbination of hardware,
software, and database structures. [00186] Wile the invention has been
described in conjunction with exenplary enbodi nents, it is to be
appreciated that many alternatives, nodifications and variations will be
apparent to those skilled in the art. Accordingly, the enbodi nents of the
invention in the preceding 47 WO 2005/022292 PCT/ US2004/ 014025 descri ption
are intended to be illustrative rather than limting, of the spirit and

scope of thghejdiy & trQEker'YQ@ QtteRpE Id FMidve alnbw MesSAGNHBA thBaheddiRing

i nvention enbrace all alternatives, nodifications and variations 6f "the
exenpl awe@wmn delectionief eacthebangs i stateserditiommhergiatthe @rme@sabalor@ 1. An

appar aiiSedet Qne? s td Gonttifida "dHsitlon2GAtaNEnd (Y f.ﬂ%@gtgét&f%u Gipon

provi di'ng rac ing 1nfo a noni Toring device i hcludi'ng: a
t r ackedeteztjort b2 eatR'datadantisilionconditiont iwhelgin rtlee ¢iackeptay framemitaableasid ti ne

data frompul ti | .obal,, positi onin stems el 40) of a Iobal
posi 1 BP9 the. o Binbe aBItioR e aRd ot SRR s RpSiipaTaBbAtTbaeI:

r epr esgetdcifn 8f BASH Hé@%dﬁnl@é’&éoncﬁiu&b%'ndp%' tioning systemsatellite from
whi ch data was received with respect to center of Earth (37) and the tine

data represent i ng t@ckingdntormatign seaeti(#)efor epimanseand sppireinof thatckene

”aCke[t aq{ %e‘i’éuﬁﬁﬂé%c%' nd ﬂftoﬁrﬂaﬁOSI n‘v@F is dﬁqéﬁgd gEP%IéHB ﬁv@f%ﬁc{ ﬂ?e e RekOfat 1 on

facili reception ion rrlé tracker tag
combi nitp cdmemap«banmc:umtmatrdorfrmaimttbetheuiacked tagg\lnalmmepsagmg aystemn @&)1 em

tell | ect I tt nbi t dat
dat o vieEen die SRR I AIER S R BreReb 0. WRET e e MeePEReay SR s o
adapt eac&éss&ﬂé &6 the/ Rhdkerah§ VRY thelddtB ondRuNichtion: ASRRINE. wREIrC IRl trddking
information via the data conmunicati on network, wherein the tracker tag IS

i noper &t pwtrqnosﬂr\é%fuﬁ Adantetlosiespive die wpmbinasepesiiien datarand fime data fram
| udi |
i ncl udigng Haék& t%pe\ha RRe 'c{a'teP %bﬁ%mﬁ}’éétgﬂ REGRHY %héréﬁv) ﬁaéﬁf}%ﬁoﬁﬁéﬁfr{ Lvely

receive t tiron d a storage device oring
corrrrandeaned |scmia|ptﬂd nmfsewemuvelgnreceweocmratrmnjdmmm ooptafohnnformnaifom ﬁent theecker

tag and faor .sel ctl vel. ri conbl ned on data ne dat a;
and o P58euEs: s Y Sofachine aPesfaBhn ewaRE: tohs WisteR: BF A on
recei v@ifommegtiont Qér@@ﬁlsﬂﬁdaﬁi%d W%lecthWQrwe@s:etﬁéQronmﬁ@@rpb%mh dRasdngone of
the position data and tinme data with predeterm ned threshol ds associ at ed
with cémesdria based on programmed 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 messaging system
includes at least one of an e-mail system, a text messaging system, and a paging
system.

3. The apparatus as set forth in claim 2, the tracking information server

including at least the e-mail system of the messaging system, wherein the e-mail
system is associated with the message including the command and control information.
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and control information stored in the storage device to detect at |east one
of a group of conditions, the group of conditions including: i) one or nore
change in state conditions, i) one or nore data acquisition conditions,
and iii) one or nore data downl oad conditions; 49 wherein the tracker tag
attenpts to retrieve a new nessage fromthe nmessaging system upon detection
of each change in state condition, wherein the processor stores at |east
one of the conbined position data and tinme data in the data buffer upon
detecti on of4 eaclfhdahgp®afls Skt @ANTHFONGH tdiAm 2Waderdin theeelrhait kgktehgs
transmts at |east one of the conbined position data and tinme data to the
tracki rAgsPeatedmMithothes areasage pigaluding: the icomneand W gantzolqipmatigoncandi ti on;

d t j i,0f ' : o
o NSO B S o S R i M Bl i

tracker tag, ereln the tr
selectively send the message w th command and control information to the

tracker tag_.pvia nessaqi,ng .sys (93).. rei.n.th ssage._ i ddr essed
Lo the t 1 acler -t 10 ARRAreps a8 ke Fllld i LOGREN A TaPkaaaHTs adedelc

t r ackerseleagively asdrite ad et sagamnibnbs@tdromoRe tandtidrizedh as&risnagduidte@okitinghe
information server is adapted to receive the conbi ned position data and tine

p
dat a f FBAAIONAG devigeds thegesraging sysiamauRAhgiacten Pl sastrnel tikarerh t he

tracki ngofenéipy] tshogi?tre;@r#modé oREaft fdrd Qafch&flidiNsd xoﬁ&ﬁghé{earfoo pd and

control 1 nformation nmonitoring device via a tracking I nformation
net wor kng¢reajata ghenisiad qonditionacki ng i nformati on server is adapted to

sel ectively process the conbined position data and tinme data based on
programed i nstructions and command and control information to produce the
t racki ng i nfeor matThenappdratusi as tset fortadki ¢igim ¥ ahewdin othel meassging atyetdénwi t h

t he ass%t and sel ecti ve%y accessible to thgﬁrjoni tori ”ﬂ device via the

t r acki AEFHR AHIRAS PNen B RoPRING SYBIRIN o B &-FHAllsSYRtee ANA oA tiRXY WMessaging 1
wher ei rgyg@ﬁ.,.nessagi ng system includes at |east one of an e-mail system a
text messaging system and a paging system 3. The apparatus as set forth
inclaim2, the tracking information server including at |east the e-nail

system of t e o] t i e e Ll 2[m | sqQcl at ed

o th the nedeage TRoMIRINE: A sshIRAR IR S &6 vaciid TlblraahS6hat o7
appar atindudiag satt lehst the paginigasystémwbiethe meiskagiag nsysterny sthenein sthe asagheg at ed
wth the rressage i ncl uydi _nlg; t he command and coH%rol informag i on and  provided
by an SYA&M IS ﬁ%?%teﬁr% FEY MRasaasIeent tor aweHeed Mgers A themanHaiidn

Server .device upon detection of change in state conditions, data acquisition conditions, and

data download conditions.

8. The apparatus as set forth in claim 7 wherein the paging system is
associated with the any message sent to authorized users of the monitoring device
upon detection of change in state conditions, data acquisition conditions, and data
download conditions and provided by a paging service provider independent from the

tracking information server.
9. The apparatus as set forth in claim 1, the tracker tag including:

a global positioning system receiver (65) adapted to selectively receive the

position data and time data;
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5. The apparatus as set forth in claim1l wherein the tracker tag is adapted
to selectively send a nessage to one or nore authorized users associ ated
with the nonitoring device via the nmessagi ng system upon detection of at

| east one of the one or nore change in state conditions, one or nore data
acqui sition conditions, and one or nore data downl oad conditions. 6. The
apparatus as set forth in claim5 wherein the nessagi ng system includes at
| east one of a paging system an e-nmil system and a text nessagi ng

system 7. The appafcphyes @svicget(7hprbh sité‘rier alomrfand Ngnd r &N GinfdMnatigmt i on
server includi n%@at | east the gagl ng system of the messaging system

wher ei assaeiatedgivilly opeyatianof theayraekeratagdand far sslgctiveds atpsingstBatcanepined

aut hori - Fhe.nmpnitoring device upon detection of change in state
condit i@%@?ﬁ%ﬁag‘gah{éﬁ%?bn conditions, and data downl oad conditions. 8.

The appar at us asasmgtwbdt plodesseol 83N atapheat & selcbtivglpgeigve yreve messages
associ at.ed wwth the an sage sent to thori zed users of the I toring
Govi ce Wil AL BndnCetat Hafgmeo Jidte dhe JREPSanG SYatEra. anchpEena
condi t itRimSmidhd crhBined PUeitRAIMEEHd tiPRSdaA dothe ralRthgPihfermiddhNgeregH Vi ce
provi der independent fromthe tracking information server. 9. The apparatus

as set @@dth in claiml1, the tracker tag including: a global positioning
systemreceiver (6 t] el ve Lt ] : and
T e dat o 51 n S SR WoSHsddt OB S toHfminlcRBEh ik 1Fe BB bAIuihG

i nf or nslysem resaiver, aaretl siorabe opevies,i and afetivbek tpracdssor,t wheseid ther sensor
selectively storing the conbine osition, data and ti ta; net wor k

o1 0ces Acass3) SGRfscAY e aieet VB RPsHen e e dis oyl begdteibifand
and conffegholdsf &5sdBiated Witto dbiintarte 3RagédsHrot ifformatol sieledCin WRl ¥torhga@nsm t
t he conbined position data and tinme data to the tracking information server;

and a d$eNisertosletead at dpast e of @ gowmaticeatitions \ihe lrew ofFenditionsolaciuding: ng
system; i devi € a p " ik dhe
stnsor 1 g oL Bhore HanglAh A Rdifons D T 0B Bh e PA S i EE Rt
wi t h pranddii)erne oredore datastosindsachseratiiciised wi t h comand and contr ol
I nformation stored in tEe storage devi.Cﬁ fo dﬁ‘t ecE at | east one of @ group
of conditions, tHM _e_éﬁ'BJ € FPNEBNBIACPRIRY MHaladieHy 2 ia)n%éﬁ%sfsaﬁﬁr?naﬁ fge in
state GAesHagingNSystém) bPfite AbtWaTk redéssorphSddtbstibrcendath @Rsnge in state
condition, wherein the sensor processor stores at least one of the combined position
data and time data in the data buffer upon detection of each data acquisition condition,
wherein the sensor processor initiates transmission of at least one of the combined
position data and time data to the tracking information server by the network processor

upon detection of each data download condition.

10. The apparatus as set forth in claim 9, the tracker tag further including:
an asset communication interface (75) in communication with the sensor
processor to provide a communication path between the sensor processor and at least
one of the asset and a transport vehicle associated with the asset.

11.  The apparatus as set forth in claim 10 wherein the asset communication
interface is adapted to selectively receive sensor information from one or more of at
least one asset sensor and at least one transport vehicle sensor, and at least one
operational sensor associated with the transport vehicle, wherein the sensor processor
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and iii) one or nore data downl oad conditions; wherein the sensor processor
initiates retrieval a new nessage fromthe nessaging system by the network
processor upon detection of each change in state condition, wherein the
sensor processor stores at |east one of the conbined position data and tine
data in the data buffer upon detection of each data acquisition condition,
wherein the sensor processor initiates transm ssion of at |east one of the
conbined position data and tinme data to the tracking information server by

t he netgaRigardd ofRS Rihsok PRforARItIRAT ivith Qforl%%?ﬂn&'iﬁba predtbRAiRed OMtteth@ds  10.
The apparatus as set forth in claim9, the tracker tag further including: an

asset @shptiategawithrommands ancbeonts) infarmaatianusiptast indhe wiarage Keviseie getect
. U _ _ q
pr OCeS:aﬁﬁeés? oR& %Yf[tl‘%goﬁe BPEHA%HQBQ% Qa{é‘?é?@gtﬁﬁgpoﬁé%r Wé%ﬁéﬁﬁéﬁ% an

at lea one o asse ranspor € assocl ate

asset . cbhditibhe apmbenaousioss dsitddveniodd condifieism 10 wherein the asset

comuni cation interface is adapted to selectively receive sensor
information fromone or nore of at |east one asset sensor and at | east one

transport vabicl gheeipparatusid Sit fbRASH cRid 1 PRMEALh ARG lassenNssthmadratbmt ed
with the transport vehicle, wherein the sensor processor 52 conpares the

sensor IM&fTapeni peaptad ta seladtivelydransiut geremeand anicheentiol ARfoHBRLRN 8RBT at ed

W th coppmng Q?%aﬁ,%%oésée@fé&hw Eeﬂcété?{degi \dhst %%e%r?ﬁ%ﬂﬁl genibeScdirdiet ect
at | east one of the one or nore change 1 n state conditions, one or nore data
acqui sidevige, whenalh tthe sensemprocessasralsmroemgates atdeastoanke obtrdi positien dad, The
appar atys as,set forth in claimill erein . the a t ¢o nication .

hrer f difte Mg apt ks ciferdidtoh Y BRI A BRRRC B EAS] WP et i on
t o one cammami an@fcortrol @ASIMAIYM SBFRT irc et §tBlagéecubvite a0 detdct! @RSHr Aidfe
transport vehicle control device, wherein the sensor processor also

conpar @ssaitranspert yakiclsr coREolG8NdifieRs. dWharein t hReSeRRAA, PEIRESSENgRSMits
| nf or ML et rPU A Edffe dnfoRERNIPLS A HRC bR MRSt Bt IRTERE o

control 1nfo : lon stored In the stora}ge evi ce t(_) etect one or nore
asset / tooatishdevicesand el leasb nne dianspordivehislesypathdetection hteaenassetfiranspas or

ot | eadehsHE Sl PORRBRRIQ pS R enE i oanell Y GRrefihhatbEs R i Tron”

det ect izgBetodncramspasto@itidleansport  vehicle control condition to control one
or nore aspect of operation of at |east one of the asset and transport
vehicle. 13. The apparatus as set forth in claim10 wherein the asset

R o gt g e P
at | eadntednee is adapted tto \setdactively dtansmil command and control information to one or

more of at least one asset control device and at least one transport vehicle control

device, wherein the sensor processor also compares at least one of the position data

and time data with predetermined thresholds associated with command and control

information stored in the storage device to detect one or more asset/transport vehicle

control conditions, wherein the sensor processor transmits asset/transport vehicle

control information to the one or more of at least one asset control device and at least

one transport vehicle upon detection of each asset/transport vehicie control condition to

control one or more aspect of operation of at least one of the asset and transport

vehicle.

14.  The apparatus as set forth in claim 1, the tracker tag including:
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device, wherein the sensor processor also conpares at |east one of the
position data and tinme data with predeterm ned threshol ds associated with
command and control information stored in the storage device to detect one
or nore asset/transport vehicle control conditions, wherein the sensor
processor transmts asset/transport vehicle control information to the one
or nore of at |east one asset control device and at | east one transport
vehi cl e upon detection of each asset/transport vehicle control condition to
control one or roylebalgsitiondfy 9REmMireivaf(68) adagnesd toseleofivdhreceiahe and
transport. v Qiclg._ 14. The apparatus as set forth in claim1l, the tracker
tag i rﬂﬂsﬂlﬂ"rfga.aas time,fafBal positioning systemreceiver (65) adapted to

sel ectivel y recenéhirbBmepes iskhsdr (88} for @.@Hsihg_@ﬁ_éﬂﬁsrahw@ﬂtér@bshaiaaﬁf?nt al
sensor (66) for sensing an environnental condition; a storage device (72)
for storing comPaiftPragel eeviee of72) nobrstatingrcoramendi anédcanttdl wHrmatirdn of
the tr : . d i Of | i - Pesi LLon dat a,
time daeacelgsE i ohe oy B T8 el Bahd Yot BCERI SRnalffe ofEndd T
pr oc esmasition/d8ta, time datajandasensor datalassbaagdotitt thecnviroomental sgas@nand
receiver, environnental s or, and storage device erein the processor
Compares’ moas B REESSH: Gt e CRRTURIER, uith <bRolebal PRoBebag. Sifec

t hr eshekéliver, anwf6hkAthl \WehBor AdBstEr20d&868 Noherel fHeBEdcBsSit &drRghred t he
storage device to detect at |least one of a group of conditions, the group
of corfifaswRRentic| fiamngthei )ervifenaientalr senspranyith | predeieanissd dithiesheldsi’i ) one
or o' fsabisPfitoBtiniatiy SAIEbhArorfBfor bloted PeingTstorBe Gelitedo itk 0ad
condi t10ns; erein the tracker tag attenpis to retrievé a new nessage from
the nmadeagiiong ofys gesupupicondiiticnst thengmiupesfaonditongendludisg atieon® pdimdren,
wherein the. processor,. stor.es at | east ogne of .the comhj.ned posi.tion data,
e e9e Jn g B tahals PRe ardhais S AU, ROTRIaR B il 088 Sk o a
acqui shbieodats dddinidconddtfynat N the tracker tag transmits at |east one of

t he conbi ned position data, tine data, and sensor data to the tracking

i nf or mati on ser Yéergipothedtipekari iag afterapiehta sgtHev vohIngwd message iftam the. The
appar [ R P , ' ' a

i ncl ug@gésd@%?QZ%g?Fe%erg ggﬂ\(/el B‘?Pét]" ﬁo%g@gﬁﬁgﬁgé gﬁtﬁﬁt\geg:gﬁﬁﬁgﬁ'sg’r@%ﬁqgest rain
gauge, pracessor stiges atlesst pna opthessamkined position ajath, dime Hata, Bnd sensdradatansor .

16. Th f h laiml, th . i.ngl udi na:
ol oball S8 BRfChilTes UpBidste ot dach B aknuisitBn BB kPRRN e thd¥re " ne
posi titag tembmitend Iéadt®n@adfathe combined position data, time data, and sensor data to

the tracking information server upon detection of each data download condition.

15.  The apparatus as set forth in claim 14, wherein the environmental sensor
includes at least one of a vibration sensor, a temperature sensor, a strain gauge, a

voltage sensor, a pressure sensor, and an electric field sensor.

16.  The apparatus as set forth in claim 1, the tracker tag including:
a global positioning system receiver (65) adapted to selectively receive the
position data and time data;
an environmental sensor {66) for sensing an environmental condition;
a storage device (72) for storing command and control -information
associated with operation of the tracker tag and for selectively storing the combined

position data, time data, and sensor data associated with the environmental sensor;
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an environnmental sensor (66) for sensing an environmental condition; a
storage device (72) for storing command and control information associated
with operation of the tracker tag and for selectively storing the conbined
position data, tinme data, and sensor data associated with the environnental
sensor; 54 a network processor (63) adapted to selectively retrieve new
nmessages wth command and control information fromthe nessagi ng system and
selectively transmt the conbined position data and tinme data to the

tracki ng informatd eRIGEKViSrocaskbr 463 £ B8PteB tBCEIE&IVely’ fotribve ABAMMBESRIdsON

W th the_global positioning _systemreceiver, and storage device, and

net wor kWHR ceass@gnd qiek centiok dommatioas fem the messaginge A¥sieenand sseledivelyhe
environ W : ] ; | LD aqmmand
and cont ey UREEARBInEH ds RS M IR dota B3 WA Ceki AT RRGHRHEH sthlenaRATT™CT
of a group of comalisensos pradessgr ¢vip) of coomdinicativsn witbl théi gépbal )positienmg nor e
change in,state conditions, ii) one or re data acquisjition,conditions, and
T JontEm ep iRt diaee B ane S Ridelith | heefi R Bises el

i ni tiat esmpéiesimysduremeaty iGRIAGnlireimehal séms ginngredsin@indathidshoriat wor k
processor upon detection of each change in state_  condition, wherein the

sensor BSYCEAIeWithiComBang and Lontrghiafsmating sisagimile PORas epvicaidetadld tine
data i naf Rgsdate oPH dr6lip %Pean&ﬁéﬁsqtth@gr&jp §EEShdIRR iR ﬂlleﬁ'ztig%HeQﬂr‘rﬁé ion,
wherein the sensor processor Initirates transm ssion of at “|l east one of the
conmbi nechangssint $tete denditieng ii) iome oramarae datahacquisitian wgnditibosnand o) aperarer by

t he net \é&%ag{a&g&i@%q 85‘5)‘?3{??(1& ection of each data downl oad condition. 17.

The app el ai m 16, wherein the environnmental sensor

i ncludes at | eastwisreirofheasendor Procubsoe ifitites fetrievales AbW MessAFOfromathet rai n
gauge, a voltage sensor, a pressure sensor, and an electric field sensor.

18. A nBICREROINGSYRISM by theelWREL PraseseorauRtit Fatestoniaf iPaghnRhasgsi 1B sidet
USi NG acbidilErwiiélinl theCOEBdR riatdsaBr Widibs 3t 1648 Kiritdof 1HeOESAbINRE SRTHIEAT

including the steps: a) attaching a tracker tag to the noveabl e ‘asset,
wher ei ndataeand tiokelata igthesdatdibyyffes egoaldetagtian ofeachidata atquisionsonditien.asset

at alo | | Lch th acker t has. i f_si.ght S .t he sky
dur  ng PN the pERefil pieshe” RiBle Wnamiien RE Piedt it BT BobBisdl at i Ve
from eqn?slﬁt‘l?ﬂtiaﬁsm%imlbmhtﬁ/ité the trleclgﬁg mformwtmaéegvémw theandtovork pr@esser uldes
an installed ta rofile that includes, programmed instructions to contro
current “B%P%FPMB?@%W?MW%@Q“% ein the tracking information
server includes a 55
17. The apparatus as set forth in claim 16, wherein the environmental sensor
includes at least one of a vibration sensor, a temperature sensor, a strain gauge, a

voltage sensor, a pressure sensor, and an electric field sensor.

18. A method for monitoring sensor data associated with a moveabie asset
using a tracker tag in communication with a tracking information server, including the
steps:

a) attaching a tracker tag to the moveable asset, wherein the tracker tag is
disposed along an exterior of the movable asset at a location in which the tracker tag
has line of sight access to the sky during normal movement of the asset, wherein the
tracker tag is inoperative from equipment associated with the asset, wherein the tracker
tag includes an installed tag profile that includes programmed instructions to control

current operation of the tracker tag, wherein the tracking information server includes a
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master tag profile that is re-configurable and at least initially the sanme
as the installed tag profile; b) re-configuring the master tag profile at
the tracking information server to create a next tag profile, wherein the
next tag profile includes programmed instructions to control subsequent
operation of the tracker tag; c) selectively sending the next tag profile to
the tracker tag in a nessage via a nessaging system wherein the nessaging
systemis accessible to the tracker tag via a data conmunication network;

d) pOWerriaBgaruag tpingfilé rtiaatkie retadafigenablichens fat Reast iriidllygeei sansd akahe amgdaltgdon
W th thﬁ rafker tag and responding to the change in state condition in
accorda h the programmed instructions in the installed tag profile,

wherein the respogsg. an?bﬁn@hﬁﬂ%sﬂe‘? taf Blofile SAAE ttacRiRgliMohHERSH S&VE! Vi NI
the message with the next tag profile fromthe nessagiing system and

i nst al | Fiegte Adexkiag pwglqorvﬂﬁrela the nepetagr prokilerincliges whegremmed frstructions
i nstall {aot cﬂﬂrol sﬁtgg'ec@%ﬁ{ oé@l%tlgﬁ %Heetﬁé)&f% s the installed tag profile for
contr ol curréen era

ons o er tag; f) detecting a data

acqui si t | on cond|¢)|saleclsnvely demliniy thekmext ttag peofike to &ﬁmad(e’rgag@nhhﬁeswge
acquisition condition in a orda}Hce wi th the gogﬁa I nstructions in the
i nst al | ¥ & DgSPRYRY P¥stefhAaraintie Messgaingsysen a%&ﬁsa'béfcm 8; lfackar tag

condi ti 93 4 ARhYSRTMANEAESH AGwaRe storing sensor data associated with at
| east one sensor of one or nore sensors associated with the tracker tag,

one or nore sensdcDPWEBG un e tragkentaghe asset and one or nore sensors
associated with tr S a

detecting a data ﬁ%}gﬁécongnéﬁ%& i ?ﬁ’?‘% o‘?ﬂhtl tr{ ggeaﬁ reg%]gndl ng to
t he dat Besqbomdihgatsb d:lmmbrtalnga inn smteomcdwnm m tdccbithanpeogithntmedprognamm i ons
in the installed t e V\/ner i n the rgsponse to,t ta downl oad
Londt ¢ BRTIEArSins P RsTiet tag "PoaR, Mol ERDBEPARES b e r ot op 41a

i nf or maEbRUiGE MéRIdes \teftichiyy Mhat meg@égwmmﬁé aBxinRgVSrofile MGANAE MédtAgingacki ng
i nformati on server processes the downl oaded sensor data to create sensor

i nf or maSYSemaa instaling the hextdaa Juefilejintls Fackertagn wherrini ueen migtalalipte vi a
oo o KRS BRIMERESIE e k) o ol BB Lulehd gl 1o
forth imedradkmﬂag;mherel n the e-mail systemis included wthin the tracking
| nfornation serve,s “detecting a data acquisition condition with the tracker tag and
responding to the data acquisition condition in accordance with the programmed
instructions in the installed tag profile, wherein the response to the data acquisition
condition includes acquiring and storing sensor data associated with at least one sensor
of one or more sensors associated with the tracker tag, one or more sensors associated
with the asset, and one or more sensors associated with a transport vehicle associated
with the asset; and
g) detecting a data download condition with the tracker tag and
responding to the data download condition in accordance with the programmed
instructions in the installed tag profile, wherein the response to the data download
condition includes downloading the stored sensor data to the tracking information server
via the data communication network, wherein the tracking information server processes
the downloaded sensor data to create sensor information and displays the sensor

information on a monitoring device via a tracking information network.
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21. The nethod as set forth in claim 19 wherein the e-mail systemis
provided by an e-mail service provider independent fromthe tracking
information server. 22. The nethod as set forth in claim18 wherein the
tracker tag includes a processor in conmunication with the at |east one
sensor, wherein the processor conpares neasurenents fromthe each sensor of
the at | east one sensor with predeterm ned thresholds within the programred
instructions in the installed tag profile to detect each change in state,

data acqui si 1gon, TREEAbE adoxeiifensl ik eRfthl180RheRin thHEnmedBading s9stehels 4rth
in claiml18, step b) further including the followng steps: h) receiving a

sel ect | &nMeH §4$t8€Muser of the nonitoring device to re- configure the naster
tag profile; i) if the user is authorized to re-configure the master tag
profile, providing the user with a configure tag profile display to
re-configure20he irheteethod@smedforthein ¢laim 48 avhareig the e-mail systensis| includeths

fromthe . usern | j . ion with one or nore desired change in state
conditi SY@?” @\?épao&ﬂl@o'ﬁ@?@@@??\é%"%ét a acquisition conditions, and one or
nore desired data downl oad conditions associated with subsequent operation

of the tracker tag; k) dating . the programed instructions in the nmaster
tag profile Bised N8 atABd @s ey Srthinssialtn 9 Wheseia ther&rai sY1PE) i8iRsevIdehd

dat a dowy feslnearsdiniice a%\xi@erqﬁ&@;se%dlehhﬁom% tﬁa@ingri%msﬁo@e&vb?. gener ating

the nessage with the next tag profile to be sent To the nessaging system

57 24. The method as set forth in claim 18, step d) further including the

follow ng stgps: faqr.m el f- t40f - L)

determ ni ng ir2 t h-ernée g{htogs%g %gtsg%@ !g'r d%’aﬁflﬁﬂesg‘,'\’h&ﬁbg? téﬁﬁgﬁ%ie‘e{)f%’g@%a a

i nst r uctprodesson it heprhmahizhtionl witty the ofti least det isbysarhanigerelm tisé girecessor

conditions for passiq?g s?lf-tes and for failin sekf-test. 25. The et hod
TS (i o

as set fEOMAR¢H EF O et ga¢thensAt 19ty 3 HEasto PPBWFSIFOT sWiths: )

veki ng hedeteMRBA tIeSRERIS WitHin tHeBrogfARfRY ihsttuctivhS itk ideaRBNEE brofile
processor detected the change in stafe condition based on detecting at | east

one paftedetest eacleahargeds sdateadataarguisitions and datrogewnipad conditige. pr ogr ammed
instructions associated with the installed tag profile;
23.  The method as set forth in claim 18, step b) further including the following
steps:

h) receiving a selection from a user of the monitoring device to re-
configure the master tag profile;

i) if the user is authorized to re-configure the master tag profile, providing
the user with a configure tag profile display to re-configure the master tag profile;

J) receiving one or more selections from the user in conjunction with one or
more desired change in state conditions, one or more desired data acquisition
conditions, and one or more desired data download conditions associated with
subsequent operation of the tracker tag;

k) updating the programmed instructions in the master tag profile based
on the desired change in state, data acquisition, and data download conditions to create
the next tag profile; and

I} generating the message with the next tag profile to be sent to the

messaging system.
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i) starting up a network processor in the tracker tag; j) initiating a
communi cati on between the network processor and the nessaging system k)
after communi cati on between the network processor and the nessaging system
is confirmed, checking for a new nessage to the tracker tag and, if a new
nmessage i s found, uploading the next tag profile associated with the new
nmessage to the network processor; 1) termnating the comuni cati on between
t he network processor and the nessaging system m passing the next tag

profile from2dhe maeuwnethofrazcstdonh iroclhite 18e8t2pId) fORRSCABIRHING e FOINOWIhG
down the network processor; n) if a new nessage was found in step k),
installiﬁt\%osthe next tag profile in a storage device associated with the

sensor processor, hw?sff@rinmnglawf-ﬂeaﬁéﬁhé%b%taghgnd progranmed instructions
of the next tag profile préviously associated W th subsequent operation of

the tracker tag thHaltPIMIBING & the apifdentepassest el tailednwhereinHbeiprogramneed t ag

Phe sendifusiBAt iing mdiitddPlo. BRAICHASHIR Bhadle 1} 5K Fookidne 30 gy "
cl ai m 1&elfdestpantd)fof failingeseli-tast.udi ng the following steps: h) waking up a

sensor processor in the tracker tag, wherein the sensor processor detected
the data acquisition condition based on detecting at | east one paraneter

identified agsa daha msHbBY Hstde@MoPTHtRIPNSI Steblty fORBE iABKEMg RS TOMSHih@NS
associated with the installed tag profile; 1) acquiring and storing sensor
data as$RRSated with at | east one sensor of the tracker tag, asset, and

transport vehi cl el a%@ﬁ i t I kst {0 L e
instal l ed tracker hk gvg; gﬂf{%%p%%ri '%8{: ﬁé@ﬁ@%%ﬂ%&'&@%@h‘ g%s%ég‘esgp
state. ZJrocélser etdudeld dhe seanger inh state doaditioh8basdde pngdletectindiaat least! ooe ng

the foll ow n up_a.,sensor rocez Orp(gi n the tracker. tag,
I

t : h Ki ) ,
Wher o Ao gter ShERTed ke o haflas B SuS ReMaitre T 366 sadbbiad L Siaabss o

det ect i n@satialcdafith HeSinstRAEQ RS Slofiiedlentified as a data downl oad condition in
t he programred instructions associated with the installed tag profile; i)

starting up a net Wetatipg dexBEIWIr PIasessrin kg tragkpr tag;

j) initiating a communication between the network processor and the
messaging system,;

k) after communication between the network processor and the
messaging system is confirmed, checking for a new message to the tracker tag and, if a
new message is found, uploading the next tag profile associated with the new message
to the network processor;

l) terminating the communication between the network processor and the
messaging system;

m) passing the next tag profile from the network processor to the sensor
processor and shutting down the network processor;

n) if a new message was found in step k), installing the next tag profile in a
storage device associated with the sensor processor, wherein, upon installation, the
programmed instructions of the next tag profile previously associated with subsequent
operation of the tracker tag transition to programmed instructions in the installed tag
profile for control of current operations of the tracker tag; and

0) placing the sensor processing in a sleep state.
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J) initiating a comuni cation between the network processor and the

tracking information server; k) after communi cati on between the network
processor and the tracking information server is confirnmed, downl oading the
stored sensor data froma storage device associated with the sensor
processor through the network processor to the tracking information server
via the data comruni cation network; |) termnating the comruni cati on between
t he network processor and the tracking information server; m shutting down
t he networ k2@r oCERé dligthad Gsoet Bbrite iM8alna8s SRPAY fultHes e8SILMEY ithe folBWaRP

state. 28. The nethod as set forth in claim2/, between steps j) and k)
furthe®t®PSncl uding the fol lowing step: 59 o) after communication between the
networ k processof) gARingNep f SEdddi Grobd¥ser TR raBREMBlg, whei il the Eheopendi ng
a page to a paging system addressed to one or nore uSers associated with

t he nopreasskory deteciect the date caagwisitionnviconditioe hasegr anmiatectingsat Ueastoere i n t he

pagi ng PEARERy ctnef Al ool aPRORRE Hordfilong ™Mb pladreBireialliRisy e
et hod agsociated fwith theiinstalied tagatofMeer ei n the paging systemis provided by a

pagi ng service provider independent fromthe tracking information seryer.
31. A nethod forl)@caekingng stefugsersordady agsqdizted wWithrideastioflp sepsor of

COMuUNiAltiRReMitsd BsddtaGridahshH R i CidtRFdardeC Withl e hSgrakisd @)
attaching a tracker tag to the noveabl e asset, wherein the tracker tag is

di spos éstrictens arthe jnsdaliesktragker kag; @pdabl e asset at a | ocation in which the
tracker tag has;l.i S| uring normal novenent of

t he asset, wher )Hlk{&ﬁ’ed)iheréaeg‘ge)? Bfo§§§§g§?nn%%gere 't%{?/tg'"from equi pnent associ at ed
with the asset, wherein the tracker tag includes an installed tag profile

that includ pragrammed.instruyctions to contro urrent o ation. of the
tracker tag2Twhel 8 Aatied o ek ol friain b 9hp & fwlieindiabBhe odhet: ' {ag
profil gidydat is re-configurable and at least initially the sane as the
installed tag profile; b) re-configuring the master tag profile at the
tracki ng i nf or mah) wakingr yiera $@NSaf rsaeessar i the tragker 9o, (wherginethei senspe next
tag prafl L nel i r [-ONS cqnt b t

oper ot PrvepOT Hetitien he UAT BRI R bably S o RTBP B ons | ¢
t he tr pakeneteaddentifiedmas sagiata download condition in the programmed instructions

associated with the installed tag profile;

i) starting up a network processor in the tracker tag;

i) initiating a communication between the network processor and the
tracking information server;

k) after communication between the network processor and the tracking
information server is confirmed, downloading the stored sensor data from a storage
device associated with the sensor processor through the network processor to the
tracking information server via the data communication network;

l) terminating the communication between the network processor and the
tracking information server;

m) shutting down the network processor; and

n) placing the sensor processing in a sleep state.

28. The method as set forth in claim 27, between steps j) and k) further
including the following step:
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via a messagi ng system wherein the nessaging systemis accessible to the
tracker tag via a data conmunication network; d) powering up the tracker
tag; e) detecting a change in state condition with the tracker tag and
responding to the change in state condition in accordance with the
programmed instructions in the installed tag profile, wherein the response
to the change in state 60 condition includes retrieving the nessage with
the next tag profile fromthe nessaging systemand installing the next tag

profile in the traylkger tagmuieitRnbetwen thesiedvbaA p@essdrend e tradng
profile becones the installed tag profile for control of current operations

of the RTPHBRERN $eyer is)copiifnaed | SeHdHIgm PAdS R PABIICSYSIS dddressedite Ane Re
tracker s [ i QLI S i Ji ' ance
e A R R Tl o i
r esponsédnstauctines iathe instgligdsiagi prafilecondi ti on i ncl udes acquiring and storing
position data and tinme data associated wwth a gl obal positioning system
receiver in the tracker tag; and g) detecting a data downl oad condition with

the tracker 28g amMHe methponeisey farth intshaidtp2& whevaih desipagingisybtem isnineladed dance
with the progranmed Jinstructions in the installed tag profile, wherein the
responsé"”ﬁ‘kﬂ1 8"%‘%@ BEAMaian SeRGRdi ti on i ncl udes downl oadi ng the stored
position data and tine data to the tracking information server via the data
comuni cati on network, wherein the tracking informati on server processes

t he downl oad88. podheinagthadias sehfprth ineclaiox 28 whetair theepaging lsysigm isfrovided i on

"t or ottt P s el ieBRBUEH Rt P BRI SBee, oi 1 The
tracker tag includes a processor in comrunication with the gl obal

posi tioni ng stemreceiver, wherein the rocessor conpares at |east one of
the positi onigat a"arfge Pﬂef‘lfattffchngh apr@ﬂ\é@@?‘?ﬁ ARRPt URINGs ol TERCKRT ¢ 130N 17 he

Pr ogr amgE@ehrhivfibatidnt Wit a thaekindanformbaibh §@rvbﬁ9né!ﬁc9f1%!tl@e kfepdet ect each change
in state, data acquisition, and data downl oad condition. 33. The nethod as

set forth in clai A attachingp t@ckeuta@ri@rthe maveablegpased W@fEMﬁgracbe@tﬁgziS h)
rek o0, WbeBTRts B SSTR ! o WA BEEL BIotBE T HUIRERRE o o
one partasdinerofi sightt addesd tathea skhalwgeginorsiahreoveorestit tof dime aesetherhpereig tikemed
Instr UCtt;a%Egr ta%sig ?r?cgpaetra6t9ve -rctmq etqr&?prkgr?ttaaslslogigtetda \%itl'? Er?éc élss?ét, wherein the tracker
tag includes an installed tag profile that includes programmed instructions to control
current operation of the tracker tag, wherein the tracking information server includes a
master tag profile that is re-configurable and at least initially the same as the installed
tag profile;
b) re-configuring the master tag profile at the tracking information server to
create a next tag profile, wherein the next tag profile includes programmed instructions
to control subsequent operation of the tracker tag;
c¢) selectively sending the next tag profile to the tracker tag in a message
via a messaging system, wherein the messaging system is accessible to the tracker tag
via a data communication network;
d) powering up the tracker tag;
e) detecting a change in state condition with the tracker tag and
responding to the change in state condition in accordance with the programmed

instructions in the installed tag profile, wherein the response to the change in state
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1) starting up a network processor in the tracker tag; 61 ) initiating a
communi cati on between the network processor and the nessaging system k)
after communi cati on between the network processor and the nessaging system
Is confirnmed, checking for a new nessage to the tracker tag and, if a new
nmessage i s found, uploading the next tag profile associated with the new
nmessage to the network processor; 1) termnating the comuni cati on between
t he network processor and the nessaging system m passing the next tag
prof i | ecdrdition ineludes wetricvinigoheSaessdge Witle tise Rt tag[Profilesiism the tnedsabingng

down t he network. cessor; n) if a new nmessage was found in step k),

et al | PHRET I oRleTnagihg a0 RS T {05 HGexeleBowheboBRrE rsIEHOR ne
SENnsor fheiesd $4Y prdfﬁl@b@ééheé‘ﬂ%‘idsfhﬂlbﬁ'tb@?pk@fﬂe f6M&ont i ggbéﬁgﬁtdoﬂé?ﬁﬁddécéf' ons
of the next tag profile previously assoCiated with subsequent = operation of

t he tratRedrackagtagi ansition to programmed instructions in the installed tag

profile for contrwol cyrren per.at..q he t Kk tag. .and o)..nl aci ng
t he sensor proces |%§BFM %I Eéaet% gpg@'3818§4%#@8%[vﬁﬁdﬂg% tg%ike?or h alnﬁ claim
31, stemsppndingt foethe rddtadactigitien faphditionnip astemancd) witkkthegprogramseds or

processor in. the tracker tag, wherein the sensor rocessor, detected. t he
fat o acBaTuranginc BRI SIYR Hag ckIobR. cuisiein g FoPPRSE 16 e daia Acauedion

i dent i f i@ditish mcRided ARGUHINY AN BtotiRR Pdsiton ddtatdiRl MneUATERYotiBRL Wl Bons
associated wth the install'ed tag profile; i) acquiring and storing the
posi t i oglobakrpsiipning susteratraceiverdb dlog traskas tag:tand t he programed instructions
in the installed §r - tag; | i : S o] r i AT:]

sl eep state. 35. é?hgj%%ﬂédgas&g%ta%vgﬂ)ﬁ&i [rnig%c?'g(?nm @E!ﬁ gqegptpﬁ?éfufr% hea;;Hd

i ncl udi rgpbhdingotd dhe ndatastewsload) conditiy inpaecordascy withodbe s programitrize

tracker, t .wherejn th nsor ocessor detected the dat ownl oad
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downl oagorelisH InicRities ddwiRo&ing tREERsted Fsitival dAtBandPBPRCdahad the thack
installed tag profile; i) starting up a network processor in the tracker
tag; information server via the data communication network, wherein the tracking information
server processes the downloaded position data and time data to create tracking
information and displays the tracking information on a monitoring device via a tracking

information network.

32. The method as set forth in claim 31 wherein the tracker tag includes a
processor in communication with the global positioning system receiver, wherein the
processor compares at least one of the position data and time data with predetermined
thresholds within the programmed instructions in the installed tag profile to detect each

change in state, data acquisition, and data download condition.

33.  The method as set forth in claim 31, step e) further including the following
steps:

h) waking up a sensor processor in the tracker tag, wherein the sensor
processor detected the change in state condition based on detecting at least one
parameter identified as a change in state condition in the programmed instructions
associated with the installed tag profile;

i) starting up a network processor in the tracker tag;
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J) initiating a comuni cation between the network processor and the

tracking information server; k) after communi cati on between the network
processor and the tracking information server is confirnmed, downl oading the
stored position data and tine data froma storage device associated with

t he sensor processor through the network processor to the tracking

I nformati on server via the data comruni cation network; |) termnating the
comuni cati on between the network processor and the tracking infornmation

server; m shuttijpgnitiatiny theoRPhVMERIdH BERESN thédtbtWorkd bpsdeadort RAdSHRSOr
process:nrégségr:ngsssltg%p state. 63

k) after communication between the network processor and the
messaging system is confirmed, checking for a new message to the tracker tag and, if a
new message is found, uploading the next tag profile associated with the new message
to the network processor;

l) terminating the communication between the network processor and the
messaging system;

m) passing the next tag profile from the network processor to the sensor
processor and shutting down the network processor;

n) if a new message was found in step k), installing the next tag profile in a
storage device associated with the sensor processor, wherein, upon installation, the
programmed instructions of the next tag profile previously associated with subsequent
operation of the tracker tag transition to programmed instructions in the installed tag
profile for control of current operations of the tracker tag; and

0) placing the sensor processing in a sleep state.

34. The method as set forth in claim 31, step f) further including the following
steps:

h) waking up a sensor processor in the tracker tag, wherein the sensor
processor detected the data acquisition condition based on detecting at least one
parameter identified as a data acquisition condition in the programmed instructions
associated with the installed tag profile;

i) acquiring and storing the position data and time data in accordance with
the programmed instructions in the installed tracker tag; and

j) placing the sensor processing in a sleep state.

35. The method as set forth in claim 31, step g) further including the following
steps:
h) waking up a sensor processor in the tracker tag, wherein the sensor

processor detected the data download condition based on detecting at least one
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parameter identified as a data download condition in the programmed instructions
associated with the installed tag profile;

i) starting up a network processor in the tracker tag;

j) initiating a communication between the network processor and the
tracking information server,

k) after communication between the network processor and the tracking
information server is confirmed, downloading the stored position data and time data
from a storage device associated with the sensor processor through the network
processor to the tracking information server via the data communication network;

[) terminating the communication between the network processor and the
tracking information server;

m) shutting down the network processor; and

n) placing the sensor processing in a sleep state.
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