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BACKGROUND OF THE INVENTION

[1002] Global Positioning System (GPS) receivers normally determine their
position by computing relative times of arrival of signals transmitted simultaneously
from a multiplicity of GPS (or NAVSTAR) satellites. These satellites transmit, as part
of their message, both satellite positioning data as well as data on clock timing, so-
called “ephemeris” data. The process of searching for and acquiring GPS signals,
reading the ephemeris data for a multiplicity of satellites and computing the location
of the receiver from this data is time consuming, often requiring several minutes. In
many cases, this lengthy processing time is unacceptable and, furthermore, greatly
limits battery life in micro-miniaturized portable applications.

[1003] Another limitation of current GPS receivers is that successful operation
is limited to situations in which multiple satellites are clearly in view, without
obstructions, and where a good quality antenna is properly positioned to receive such
signals: As such, they normally are unusable in portable, body-mounted applications,
in areas where there is significant foliage or building blockage (e.g., urban canyons),

and in in-building applications.



nobile GPS unit, or client, and a second, stationary, GPS receiver, which
is associated wth a second cellular unit and a conputer processor, or
server. TWe mbhi2Be GPS receiver takes what is referred t®cagisa2/emsapshot of
the available satellite signals. That is to say, the nobile GPS receiver
records a short duration of signals fromas nmany satellites as are
available inits line of sight. As descyibed above, these signals are
likely to be attenuated and fragnmented, due to the location of the nobile
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to the complete signals received by the second GPS receiver, the server can essentially

“fill in the blanks” and complete the signals as received at the mobile GPS receiver.
The server caﬁ then take those reconstructed signals and, using known methods,
accurately determine the location of the mobile GPS receiver.

[1006] The amount of assistance afforded by the second GPS receiver or base
station, can vary significantly. It may be as little as transmitting stored information
regarding specific satellites, up to performing the matching process and signal
analysis as previously described. In all cases however, the server-assisted location
technology requires the use of a cellular link, or some other dedicated transmission
medium such that a two-way communication link is continuously established between
the client and server.

[1007] In other circumstances, a cellular telephone network is not available
and radio communication is provided between parties. As those skilled in the art can
appreciate, radio communication is intermittent with a single transmitter transmitting

at a selected frequency and any receiver tuned to the selected frequency being capable



3 of detecting the transmtted signals. Wen the transmtter conpletes
transmtting, the selected frequency is available for use by any other
transm t twop.020M231 a particular frequency or channel is @&eaiusabdss4 or use
by any transmtter. The server-assisted |ocation technology described
above cannot be inplenented in a conventional two- way radi o because radio
communi cation, does not permt a dedicated twd-way comrunication |ink.
Therefore, it can be appreciated that there is a significant need for
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[1009] A B pRAO BrouiOp . <0 CYles AP o VAU (oM G T BHRE A
server g&hﬁéh&éacﬁ,g/tfonsa%va%eomﬁﬁﬁm\gqf gukss. configured to analyze the

satellite data recel the sérver receiver. The server uses the
received satellite data and additional satellite data to generate |ocation
information regarding the | ocation of the client GPS receiver. [1010] The
| ocation information may beSUBBMARIBF dHE BYVERTIPNed to the client unit.
To return the location information to the client unit, the system may

further co%l se a client receiver to receive the Iocatl on i for tion and
a server BEmi t t eA $eBVarrassistes tpopitian |dstestion deyige SPAREISEN? € enc obali ent
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CoNpri se acijent further includes a transmitter to transmit satellite data. A client carrier detection
module is used to detect radio traffic on a selected radio frequency (RF) channel. A
client transmit enable module enables the client transmitter when no radio traffic is
detected on the RF channel.
[1009] A server receiver receives data from the client transmitter. A server
coupled to the server receiver is configured to analyze the satellite data received by
the server receiver. The server uses the received satellite data and additional satellite
data to generate location information regarding the location of the client GPS receiver.
[1010] The location information may be used remotely or returned to the
client unit. To return the location information to the client unit, the system may
further comprise a client receiver to receive the location information and a server
transmitter to transmit the location information to the client receiver. The server unit
further comprises a server carrier detection module to detect radio traffic on an RF
channel and a server transmit enable module to enable the server transmitter when no
radio traffic is detected on the RF channel to thereby transmit the location information

to the client receiver. In alternative embodiments, the client may further comprise a



WD 02/ 073231 PCT/ US02/ 07354 4 client user interface for displaying the

| ocation information. The client user interface my further conprise

repr esentwoioon’i2Br a | ocal map to indicate the |ocation i mCorusat/oss BRI EF
DESCRI PTI ON OF THE DRAW NGS [1011] FIG 1 illustrates a functional bl ock

di agram of an exenplary enbodinment of the present invention. [1012] FIG 2
is a functional block diagramill ust rat4'bng the conponents of a client unit
of FIG 1. [1013] FIG 3 is a functional block diagramillustrating the
conmponent s cpdnt dserlASHadd Rk P1Fingdth&1deatibd B¥ddmdtiots. Aheclidnt dseriieaface
illTustrating the operation of the present invention. DETAI LED DESCRI PTI ON
OF THE PREEERREMENB@mmmp[eﬁgmgqlommfsm logaintnain te oindicates thendogaiehod and
apparatus f L e%tabl ishing a global position using a client two-way radio.
For the salfB°0#*®Bnveni ence, the invention is described in the formof a
client-server architecture where the term "client" refers to a portion of
the systemintegrated into or associated with a two-way radio and for

whi ch accurat e | ocati on BRIEBDESCRIPTIONCBE THEIDRAVINGS m "server” refers

to a portion of the systemassociated with a server two-way radi o and which
provides data by which the location of the client may be accurately
det er m ned[1q11016] TREG.wAy ilhsittaes f 2 efimetienal cldnelundiegreitorof am gemplay, has
devel oped a mforﬁr):tgl1 Brot col .9 manage traffic on any given radio
frequency EREPABIER EHP channel " as used herein refers to any
radio fr eqvﬁnqy SonBI®Q fsi OfishcAbnal tBlsckRiagR@Cil lubtatigethal doapohats bNh o
channel s havi ng predeterm ned frequencies. However, the principles of the
present i nekentiuptiofFKidot |inmted to portions of t he spect rum havi ng

pr edet er m reque o T i ol IS ency
sel ected b@ﬁﬂﬁl userﬂﬁl["'%’olfﬂ %Hglgrf%n&%] ?%g%lga P{lu%t?zftﬁ] thE%O nerftsr \Slg%
channel , fbagtstdiioflofFEGI0 a receiver tuned to that channel to det ect the

exi stence of other communication tr ffl 02/ 073231 . PCT/ USQZ/ 07354
[1014] FIG. 4 is a flowchart 11 stratln e operation of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[1015] This invention concerns the method and apparatus for establishing a
global position using a client two-way radio. For the sake of convenience, the
invention is described in the form of a client-server architecture where the term
“client” refers to a portion of the system integrated into or associated with a two-way
radio and for which accurate location information is desired. The term “server” refers
to a portion of the system associated with a server two-way radio and which provides
data by which the location of the client may be accurately determined.

[1016] Two-way radio frequency communication, in general, has developed
an informal protocol to manage traffic on any given radio frequency (RF) channel.
The term “channel” as used herein refers to any radio frequency. Some portions of
the RF spectrum are allocated into channels having predetermined frequencies.
However, the principles of the present invention are not limited to portions of the
spectrum having predetermined frequencies. Thus, channel simply refers to any
frequency selected by the user.

[1017] A user, wishing to broadcast on a given channel, first listens to a

receiver tuned to that channel, to detect the existence of other communication traffic



5 on the channel. In the absence of other traffic on the channel, the user
presses a button, sonetines referred to as a push-to-talk (PTT) button,
whi ch actwoares32ar transmtter on the sanme frequency, andPSpask®0i3st o the
m crophone. The user releases the button to cease transmitting and |istens
for a response on the channel. A second wuser, wishing to respond, follows
t he sanme procedure before responding, fa'rst listening for other traffic on
t he channel, then pressing the PTT button, and speaking into a m crophone
in responsgy thd chEREONH ehReARAbP ofheRtibifle bif tHe@inell thd Sse Predde @MmoON
for two or three conversations to proceed nore or |ess sinultaneously. In
such an ebetton, sesetimas mrefpiedvioshs topesbriodalk e(RIID nbuitoay vRchvartivatessar C

wi shes to converse ith user D. User A,m.ght. ask St of B, but
before use ffaﬁl?lé@p%t\ﬁ”% Sanme i’iﬁque(ecpﬁ Spg%}ﬁr“gtg §heu§1écrrgﬁ$ﬂ§(c ';I'g FQ“ 3' PAg efiégs%% he
accept ed pgRt R to YRE tBnEMBtingahd listehd for atiegioBsé 6n hddciemliell NA kéwntir af fi c
on the channel before responding to the question of user.  A_ Failure to

f ol | ow t hi ysdrn¥ishingito espensk &rllavethe sane procedurgbefgesaiesponding, firs HgteniBg and
user C) transmiti e i J t i r make
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a nobi | e deMéophorelifi Responst. Clalrbgioas wheteerptiorenffic &t lerany,riess ndt sinc@osiohi on
using a cellular link, or sonme other dedicat eq transm ssi on ﬁgdi m the

devi ces (i f@ twq prethege RIS RIEFSFErTOE M Bi?eﬁné’_t‘lga%u?lﬁp PUEhéE) are
cabl ed t Og@@eﬂ@r user hﬂggh gvisﬂ RecqRblsdvaith D&k W LRSS TS wAlEE fREtGRerBannel s

over which 't I ent server nmay communi cate w thout disruption. In
ot her wi r emathsussyBt direr Asuight ask squestickeotinsgi Bi buk befidreiugeweB aesperds, USDVA)

W reless syste ch client unit. i ssigned, a .uni que gode .such that each
client uni _’é’f%é@gﬁ%%gl Phis %0‘36’6‘_5'?{‘53% sacggpgf’%g{o %coll’g'gﬁ‘h%nl?lg%twa tnurft}an with
a base st aifepdis 4 FeSOMtha SafficQY tHeQhafite béﬂoirdqﬁslirs]tﬁidﬂ% fove \§adktion ad user

comuni cati on nust contend with the fact that the radi o frequency channel

is neitheA. pFiilue & fodlowethis inirpal ploterpd may fequliendwodisers (g gsdisveB-adsi st ed
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communi cat igpessbi¢ fofgny B rP@rdoatnmdicdte o® tHabetianhdle server is cal cul ating
the accurate position of the ¢client, there is no conmmunicatjon on .the link
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position using a cellular link, or some other dedicated transmission medium, the

devices (i.e., the client and the server) can operate as though they are cabled together.
That is, the cellular network assigns dedicated channels over which the client and
server may communicate without disruption. In other wireless systems, such as a
code division multiple access (CDMA) wireless system, each client unit is assigned a
unique code such that each client unit effectively has a continuous dedicated
communication link with a base station. In contrast, devices operating using two-way
radio communication must contend with the fact that the radio frequency channel is
neither private nor exclusive.

[1019] In the case of a server-assisted GPS positioning system, the informal
protocol described above would make it impossible to function according to the
methods developed for cellular communication. During the period of time that the
server is calculating the accurate position of the client, there is no communication on
the link between the client device and the server device. For example, there is a
certain time requirement in performing the snapshot, in which the client GPS receiver

records available signals from the local satellites. It may also take many seconds, or



certain tinme requirenent in performng the snapshot, in which the client
GPS receiver records available signals fromthe |ocal satellites. It nmay
al so t akewpangp7aeconds, or WO 02/073231 PCT/ US02/ 07354 6 prevarsoriised es, for
the server to performthe various steps required in establishing the
position of the client. The client device cannot maintain the transmtter
in an active state since such activatié)n prevents ot her users from
transmtting on that channel wthout interference. Furthernore, the client

devi ce wou %ﬂeﬁﬂlﬁ&aﬁﬁ%@ s@ler B8GRI6IAGhe VASRARNSGDs FeduiretiiR BstabBshHey 8T

device if ienf device were constantly maintained in a transnmit node.
Thus, a copestion ofithe aliguli. oTleydlientndevias saninos mamntain| the tapsnaiiteein aoecte  a

time and requires that the.transmtti devi ce cease .transm.ssiqgn in order
to recei ve?tgtewp?enéu‘iahh@‘glé(atb?'bgﬁesveptﬁ ?tB%nE?ﬁr% g’iogh r8?%$tmrga§? 3&%%}@?‘% can
di srupt t hgifhpkinketreRe Fhherford Mhc aliht ABECS YOURT be Iné&pBe &l recdiving.
illustrates, in a functional block diagramformat, the basic operation of

a syst em loBpewvsiataftens thesserwst deyvige Hdhe plienpdevies ppiesopstanthempipanad ian. A
lient unit, 102 i ' : : 106
ond’a twonEgepl e, Bl APy RBRR a0 SAGTRMERFS 4 83 SERLAMAGNR®, 107,

The cli ent aithd ard0Rq@keahdt tigd watssiingldeeitt compagasmisdidh in diler toereveive.
"client manager" is_used for conveni ence_onl and.is not.intended to

suggest t hBuriag|these hesakymdrangmissipa othsr radjo fetfircondisurt el betyeen 6r f or ned

by a singl gligﬁ\éhﬁgqeosrewegorrponent. Rat her, according to the principles of
the invention, the functions nay be perfornmed by a single device or a

plurality §f020¢vi ces FIGntatpsiragtsi iy $dvmbtimna, bloghfdiagrare formpd, rthevdhasic or a
conmbi nation thereof. [102 A server, unit. 120 conpri§es GPS recei yer 122
coupl ed tooﬂﬁfgtlo%ﬁ{ %ﬁ%&eniiho 8%%30?_9&69 91“838#&?_ ﬁ%@%se?@@ Hivfgg%rbu led to
a radi o antgaRamifo2 dprist£a\EPS Yitletvet 104 Roiflel 16 LGRS aftehifd 166 af@Aager
130. The term "server nanager” is also used in a very broad sense to

i ndi cat e atywo-uwaairadip tahsceivar 19Sernplas torr radie anfpans dkbhed by a device, or

devi ces, a ing tg.the principhes of t i 2L ] ed,
above, t hefﬁgli\ "cli 3}1}{3 " %Frgtf lérrng ]th ajsopér}%h?%rs] %%ﬁ%eﬁgs%a&%%ﬁooﬁ% I ch
cannot i ndegigsid eftinbyert @ wediforecniveniphicCoifg dnddahbintentied & suggedt etianaliser ver "

refers to a portion of the systemthat receives data fromthe cljent and
uses t he ckhesfignctions performed as described herein are performed by a single device or
component. Rather, according to the principles of the invention, the functions may be
performed by a single device or a plurality of devices, incorporating hardware,
software or firmware, or a combination thereof.
[1022] A server unit 120 comprises a GPS receiver 122 coupled to GPS
antenna 124 and a two-way radio transceiver 126 coupled to a radio antenna 128. The
server unit 120 also includes a server manager 130. The term “server manager” is
also used in a very broad sense to indicate a plurality of functions which are
performed by a device, or devices, according to the principles of the invention.
[1023] As noted above, the term “client” refers to a portion of the system 100
which cannot independently determine its precise location while the term “server”
refers to a portion of the system that receives data from the client and uses the client
data in conjunction with independently derived data to precisely determine the
location of the client device.
[1024] In a typical embodiment, the client unit 102 may be implemented in a
mobile two-way radio, such as may be used by a police officer or firefighter. The

server unit 120 may be implemented in a base-station, such as a central dispatch



data in conjunction with independently derived data to precisely determ ne
the location of the client device. [1024] In a typical enbodinent, the
client urwD 0202328y be inplenmented in a nobile two-way r&4TaSOzUBsH as nay
be used by a police officer or firefighter. The server unit 120 may be

i mpl enented in a base-station, such as a central dispatch WD 02/073231
PCT/ US02/ 07354 7 center for a police of fire department. However, those
skilled in the art can appreciate that the client unit 102 may be in a
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Wth the ¢ manager e server nmnager managl ng t

t wo- way- r ads® whtht £§lffﬁﬁlent fufbetlaf satelbilck 450 ed czirrmnestdﬁmsh rtapsatedtite dinks for
transmtted via a radio transm ssiqgn 156 fromth(g §I [ en% {]It 102 to the
server uni @ Sefrientiengthepf time.  ystead of a complete set of GPS data, the client unit 10

captures only fragmentary or incomplete GPS data in what may be referred to as a
“snapshot” of GPS data. The term “snapshot” is used to refer to the task of seeking
the satellite signals, from satellites 150 in line of sight with the GPS receiver 104, and
recording fragmentary or incomplete GPS signals that are insufficient to permit
location determination.

[1026] With the client manager 116 and the server manager 130 managing the
two-way-radio interface, the data collected from the snapshot are transmitted via a
radio transmission 156 from the client unit 102 to the server unit 120. The server unit
120 compares the data collected by the client unit 102 with data collected
simultaneously by the server GPS receiver 122, thereby permitting reconstruction of
the fragmentary data as required. The resulting information is analyzed by the server
unit 120 to accurately determine the location of the client unit 102.

[1027] The client manager 116 and the server manager 136 control the flow of
data between the client unit 102 and the server unit 120. FIG. 2 shows, in greater
detail, the functional modules of the client unit 102, while FIG. 3 similarly illustrates

the server unit 120.



120 conpares the data collected by the client unit 102 with data coll ected
simul taneously by the server GPS receiver 122, thereby permtting
reconst r woioon7281 the fragnmentary data as required. The PEFMISO2/0TF54
information is analyzed by the server wunit 120 to accurately determ ne the
| ocation of the client unit 102. [1027] The client manager 116 and the
server manager 136 control the flow of ¢ data between the client unit 102
and the server unit 120. FIG 2 shows, in greater detail, the functional

modul es of Elt{)agjbc' I enfy Wiet erhBediméhi |8 MkCindvention,! Aluskatkd | HSFI@E €5 thé\he
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second antenna 106, as shown in FIG 2, or they may share a single antenna
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manager 11& gﬁavi r}g a processor 204 and nenory 206. The processor 204 may
be inpl ene % ODVW any conventional processing device, such as a

M Cr opr oCcepivRp] M Cr a¢Ninte@tdidl into theainealnitoil the elént intanagdraddbahathgar cui t,
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unit 102. Hepliceamppeeifict inegaitedesitcuitedigityl 4O pegcebsor,surpld likel Whe tlient of t war e
or firmare corrprigi ng a carrier, detection rmdu(kg%\%OB a transnmtter enable
modul e 210MeHREY 20RAPEY PoRaRserRRIOMBELHS: Ty [(Re9] 2! fradionthfemait e

modul e 216(€ONf)i Hdr fdy AFE0MEIuAY nbRvdliEe FOENI. f The cliSAILINERBBNLG6 Cbnthide
application is further included. A typical user interface 216 m ght
conpri se ainstra¢tiondiangidaty expautedsbykiby 63A) 20 tot inpleraend nasiy #f Herfgnetiang obr  body
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i ncl udes assmdrk ofifigRwaye cEbiiftingSa Gartibfiddtébtion module 208, a transmitter enable
module 210, and a unit identifier module 212.
[1030] A user interface module 216 configured according to the specific
requirements of the application is further included. A typical user interface 216 might
comprise a small display with a keypad, in the case of a hand held or body mounted
device, or a larger computer screen with keyboard, such as might be used in a vehicle
mounted unit. If the client user interface 216 includes a small display, such as a liquid
crystal display (LCD), the client user interface can indicate the position of the client
unit 102 using, by way of example, latitude and longitude coordinates. If the client
user interface 216 includes a computer display, other optional data may be provided to
the user. For example, a graphical representation of a map of the local region with
means for indicating the position of the client unit 102 in relation to the immediate
surroundings is another possible user interface.
[1031] The various components described above are coupled together by a bus
system 220, which may include a data bus, control bus, address bus, power bus, and
the like. However, for the sake of clarity, the various buses are illustrated in FIG. 2 as
the bus system 220. A person skilled in the art will recognize that the actual

communication links between the various modules will vary according to the



crystal display (LCD), the client user interface can indicate the position
of the client wunit 102 using, by way of exanple, latitude and | ongitude
coor di natwe.02of328he client wuser interface 216 includes aPcomsor/ensdi splay,
ot her optional data may be provided to the user. For exanple, a graphical
representation of a map of the local region with neans for indicating the
position of the client unit 102 in relagion to the inediate surroundings
i s anot her possible user interface. [1031] The various conmponents descri bed

above are @y ReidMLARE RRK HRYs BinS as &yﬂh@cmeﬁ%@nw Iifs Bn iAYerktBE Lielar A dat a
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WO 02/ 0732 3dedREah AR4SNA11 Q3840 pROvideritliaply ednuntnicatich Heaayedttha snosluldp o thzs
conductive f)at hways in an integrated circuit in an inplenmentation where
t he nodul e§ l@l”rtémiltrhoégrat ed into a single device, or may be printed circuit
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of a server unit 120. The varjous conmponents of the base station may or
may not be SK¥TBRYr :jitﬂeedelivﬁf gy gﬁ’n&la@ Dhiap ingegrated SyppmeIn e Bﬁv%‘?r‘"ﬂ%it 120

may be an inhegil 4963y Hit&dthied Wit BB APt ER¥L122.t TROS&9EVnsddber B6
integrated with the GPS receiver 122. The server transceiver 126 may have

one ant ennanayAgvamde ehienGPR2§ askibe &PS1eceiverd@@onstcamt aiennall24 (gssshosiown i n
FIG 3), or.t hare a,singl.e antenna, (not sho . The server nager

130y bdd PRt Do S i JhRRaR o1t She®8F T s RANE A, cone

di stance f mip Bdiategfdd/Bio the IBSEEINEI2010¢tn Ak 16CTed CRIMEATistdndR frdni theet

anot her alternative enbodi nent a renote Processor (not shown) may receive

the fragmenrewey raseeiver b akGRS resarve #23. Iopyes appthet pleeraasivg embofiamiitei ver
120 and, 1 SRR S GE, % R ERN odZRBMBETHR
the client 10Rivia #@3emica tiaheeier Y26 atd the somplets GPB6datdirormae GPSheceiver
_(I:_ﬁlacgla?'\[/:a?rﬁz ggg Eé{f{)}ﬁg}e galnglolgt\i/(?ns.n%%g reggftanl% oc%tei(r)lfl ?r{fcr)rl?rrcliatil%))r/l r;[xzbyebesrglra\{/gcq balljcrllcl t 120
to the client unit 102 via the server transceiver 126. However, the calculations
described above need not be performed by the server unit 120. The server transceiver
126 is functionally illustrated in FIG. 3 as a RF transmitter 300 and a RF receiver 302.
[1033] The server manager 130, performs a similar function as the client
manager 116 in the client unit 102 and includes similar components, such as a server
processor 304 and server memory 306. The processor 304 may be implemented by
any conventional processing device, such as a microprocessor, microcontroller,
application specific integrated circuit, digital signal processor, or the like. The client
memory 306 may comprise random access memory (RAM) and read-only memory
(ROM) and may also include nonvolatile RAM. The client memory 306 contains
instructions and data executed by the processor to implement many of the functions of
the server unit 120. For example, the client memory 306 may be supplied with
firmware or software programs comprising a carrier detection module 308, a
transmitter enable module 310, and a base identifier module 312.

[1034] A user interface module 316 is configured according to the specific

requirements of the application. As noted above with respect to the client user



126 is functionally illustrated in FIG3 as a RF transmtter 300 and a RF
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conponents, such as a server processor 304 and server nenory 306. The
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the components.

[1036] With reference to FIGs. 1-3, the operation of the system 100 may now
be described. When the location of the client unit 102 is desired, the user initiates the
location request at the client user interface 216 (see FIG. 2). In response to the
location request, the GPS receiver 104 takes a snapshot, capturing a segment of
transmission from as many of the GPS satellites 150 (see FIG. 1) as are in line of sight
when the GPS receiver 104 is enabled to perform the capture process. The GPS
receiver 104 then digitizes the transmission segments and collects them into data
packets, which are passed to the client manager 116.

[1037] The unit identifier module 212 generates a unique ID code that
identifies the particular client unit 102, and appends the ID code to the data packets,
which include the code and the digitized information from the GPS receiver 104. The
ID code is particularly useful when many different client units 102 may be operating
in a geographic region. For example, the system 100 may be used to track a fleet of

taxi cabs in a city. The unique ID code can differentiate between each of the taxi



internet links, or other neans for establishing the required comunication
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The process of locating the client unit 104 using the snapshot data in
conjunction with GPS data from the server GPS receiver 122 is well known in the art
and need not be described in detail herein.

[1040] The server processor 304 can accurately establish the location of the
client unit 104 using data transmitted over the radio transmission 156 (see FIG. 1).
The server processor 304 generates location information concerning the client unit
102. The location information is assembled digitally into a location information
packet. The server identifier module 312 then generates and attaches the unique code
identifying the client unit 102.

[1041] The server carrier detection module 308 detects radio traffic on a radio
frequency channel. If radio traffic is present on the RF channel, the transmitter enable
module 310 prevents activation of the transmitter 300. This avoids RF collision and
the resultant interference. In the absence of radio traffic on the RF channel, the
transmitter enable module 310 enables the transmitter 300 to transmit location
information to the client unit 102 via the radio transmission 156 (see FIG. 1). Thus,
the system 100 permits the exchange of information between the client unit 102 and

the server unit 120 via the radio transmission 156. At the same time, the system 100



transm ssion. The server processor -304 extracts the. data and perforns the
| ocation analysis as previously described, and establishes the precise
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the client location request at predetermined time intervals. In yet another alternative

embodiment, the client unit 102 may generate the request for client location

periodically unless the user has recently generated a manual request via the user

interface 216.

[1044] In yet another alternative embodiment, the server unit 120 may request

the client location in step 402. In this embodiment, the server unit 120 may transmit a

location request via the radio transmission 156 (see FIG. 1). In this embodiment, the

client unit 102 may automatically respond to the request transmitted by the server unit

120 or may prompt the user to activate the request for client location via the user

interface 216. If the client unit 102 responds automatically, the location of the client

unit 102 may be determined in a manner that is transparent to the user.

[1045] Regardless of the specific entity requesting the client location in step

402, the client unit 102 responds to the request by capturing fragmentary GPS data in

step 404. As previously discussed, fragmentary GPS data simply refers to GPS data

that is insufficient or incomplete in some manner such that the client unit 102 cannot

determine its own Jocation independently.



where at a start 400, at |east one client unit 102 (see FIG 1) and one
server unit 120 are available. In step 402, there is a request to

det er m newOle/orxeati on of the client unit 102. I n one exaaplusSoraizedi nent ,
di scussed above, the user of the client unit 102 nmanually requests the

| ocation via the user interface 216 (see FIG 2). However, those skilled in
the art will appreciate that a nunber different techni ques may be used
to request the client location. For exanple, the client 102 may
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client carné@fiosst @elclion vimaeee 208 (see FIG 2) nonitors the RF traffic on
a selected RF channel. In decision 410, the client unit 102 determn nes
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the RF channel is available, the result of decision 410 is YES. In that

event, in S0 &hedksoRFt Hafficr amdhg 1selested il chanrshy| I segision 420, the system

determines whether the RF channel is available. If the RF channel is not available

(i.e., other radio traffic is already transmitting on the RF channel), then the result of
decision 420 is NO. In that event, the server unit 120 returns to step 416 and
continues to monitor the RF traffic until the RF channel is available. When the RF
channel is available, the result of decision 420 is YES. In that event, in step 422, the
server transmitter enable module 310 enables the server transmitter 300 to permit the
transmission of location information from the server unit 120 to the client unit 102 via
the radio transmission 156. Once the location information has been transmitted, the
process ends at 424.

[1049] In this manner, the system 100 provides server-assisted techniques for
accurately determining the location of the client unit using a radio frequency link
between the client unit 102 and the server unit 120.

[1050] It will be apparent to one skilled in the art that there are other
variations to the scenario described above. The request for the location of the client
unit 102 could originate at the client unit 102 or the server unit 120, in which case, the

server unit 120 transmits a location request with the unique identifying code attached.



enables the transmtter 200 to allow the transm ssion of the digitized
fragnentary GPS data via the two-way radi o transm ssion 156. [1047] In
step 414,wOhe/ssver processor 304 uses the transmtted da&Ca/sowons4 with
data provided by the server GPS receiver 122 to accurately determ ne the

| ocation of the client unit 102. [1048] Once the location of the client 102
has been accurately determ ned, the sqpver unit 120 can transmt | ocati on,
information back to the client unit 10Z°via the radio transm ssion 156. In
step 416, tg SRLY QAiCa0L! RviHeHRC thPdphRiRE aD3R8dd $8HRHG by3lakaRRettes RF
traffic on the selected RF channel. In decisSion 420, the sysStem “determ nes
whet her t hen®RBhathamdethei progssai Wewlt econtifug lae drEcriiedn eséept shaiothe alpedticabl e
(i.e., other,radio traffic is already transmttin RE char ,
the 't esul ¢ ToiPrngisty kb vy pee S el B e FARREor 02 a8 Ll Sn iR 20}
returns to jgitiges fhkblodditbn reqitist, ISy her BEidcEaryt toeprblide 1edafibs tdhkicliehithe RF
channel is available. Wien the RF channel is available, the result of

deci si on 420iti W2yEdn thiy exaaple\ibat no§ pecgssapy 4@ perfora the girqassses rlesAA% t er
enabl e nod . les the server transmtter 300 to permt the
transnissig%%gs%ﬁéggiﬁéﬁ information fromthe server unit 120 to the client
unit 102 vi[as1ihe r adi®@otdiansti She oprinthfles @fcehd himvemivat | and iinf eafiedsi on has
been transmtted, the process ends Cpa,é 424, £1049i, In this manner,_the

syst em 100 epibadingass derspéy thy device dascried iy Be 45§t in Magy, AERIAR)ORet BT ni ng
the | ocati t | | ' [ ' Vid | n the
client uni '([% Q%‘gglehggelﬁhgﬁg%rc grgfre Hul?ll}l?tt&?szgl.ﬂ& [31%%%81}@?5?‘&?“&1% b%éﬂ J;%par e%?t%t 0 one
skil |l ed i n aptoenatically halte fhsrapsheant eandt trarsmity dpé alafaopackets ahdinedeindarivas,

descri bed abov&r Th reﬂuesthfor thF Ipcalion f the gLient unit 102 coul d
ori gi nat e AOYfiae @ dispchgnvith peRgle [qepRoninformangn i eab§mes 1\ \hich case, the
server unitf1@s2§ transmiend uditd SaAkd @2 /ﬁoﬁﬂé‘@ﬁbtﬂ& bhetd@cy Pebhel deMtideyi Ng
code attached. WO 02/073231 PCT/ US02/ 07354 14 The client unit 102 having

t he corr espovstamgerio éxkgsnppsbpisrat gerindic mkarvas epdstoxnthp shig In Hreevereofpr ocess
woul d continue a SGLI ; J cat | j r i@t | uld be
present ed ar e?%eég%neﬁvg? l}ljsgjgpv Oﬁﬁggésg{ég%i%gﬁl'% gﬁghgﬂépeeeggtg'nsﬁglgguw
initiates teligihade el tihe l@Gdasiated With'ehe snapshbeproeeRes any viauldiley pdeideocat i on

to the client S ] ) o
a general location in situations in which the unit is completely shadowed from the

t hen

GPS satellite transmissions, within buildings etc.

[1053] It will be obvious to those skilled in the art that there are many other
applications for the invention, each of which will require variations on the
embodiments described herein, and which are considered to be encompassed within

the scope of the invention.



unit 102. In this exanple, it is not necessary to performthe processes
416-422 illustrated in FIG 4. [1051] According to the principles of the

i nvent i orwoan@732e1 vari ous enbodi ments thereof, the devi cecaasoritsed can be
useful in many applications. For exanple, client units carried by taxis
and nessengers could be programred to automatically take a snapshot and
transmt the data packets at tined intqﬁyals, provi ding a dispatcher with
accurate location information in real tinme. [1052] Cient units carried by
police or other enmergency personnel gg9N@ide programmed to take snapshots
at periodic intervals and store the data. In the event of an. energency,
the user would .transmt the !nost .recent: snapshot data. This would

el i m nate tyyakidBlsiedeigsoci ated with the snapshot procedure, and woul d
al so provide a general location in situations in which the unit is

conpl et el y Ishadoyeérvercassisied pditioatdutbition systsn) soinpissingd t hi n bui | di ngs
etc. [1053] It will be obvious to those skilled in the art that there are
many ot her appladiznt globalf positianéng systemt (OPS) reagiMerofironkti &y regdiving edirst e

variations on the..enbodi nents described ei.n,.. an ich a consi dered
to be enco%%%é%gel%etﬂﬂsﬁ“’“{%“%‘bag;S‘étaof?‘“{‘r??ﬁ ﬁ%}glmﬁso © P i?éf’ggé‘ﬁ%fmg

PCT/ US02/ 07 gadiicként t&hflepEndeM¥ipbstitslish e 168dionSof tHe clidns 6PS&Ecemms) St ed
position detection system conprising: a client global positioning system

(GPS) receiver @iolieni ranspfierte anpsmipfedirtisesef dagst of satellite positioning

signal data fro el i i { I ci ent
to i ndependent | yr£| ((:calzis?3 gg%gﬁhtélfﬁgé?no@gta lll%r%gg%tet% E%adg(} feﬁ%ca%ﬁg r?%gef?%%&a
client tranRF) thaanelto transmt the first set of data; a client carrier

detection nodule to detect radio traffic radi o frequenc (RF),.
channel ; a cli erﬁ‘t"l‘tepta\ﬁ?}f'frflt-‘@??g’ﬂﬁ @Of’r\%lﬁ? Snag’ge @"ﬁa@?@t ttr?'}@“g'it‘?re‘?‘n}%/entr}oaﬁglrﬁ tter
when no radjgrc isfddfekicd onghdRFpL&REI:ON the RF channel; a server receiver to
receive the first set of data fromthe client transmtter; and

a server receiver to receive the first set of data from the client transmitter; and

a server coupled to the server receiver and configured to analyze the satellite
data received by the server receiver, the server using the first set of data and additional
satellite positioning signal data to generate location information regarding the location

of the client GPS receiver.

2. The system of claim 1, further comprising an additional GPS receiver
circuit associated with the server to generate the additional satellite positioning signal

data.

3. The system of claim 1, further comprising a client identifier module to

generate a unique code identifying the client transmitter.

4, The device of claim 1, further comprising a client processor wherein
the client carrier detect module and the client transmit enable module comprise a

series of program instructions executed by the client processor.

5. The device of claim 1, further comprising a server user interface

module, including a display screen and keyboard to display the location information.



a server coupled to the server receiver and configured to analyze the
satellite data received by the server receiver, the server using the first
set of dawe oangs2additional satellite positioning signal aarasopogener ate

| ocation information regarding the |ocation of the client GPS receiver. 2.
The systemof claim1, further conprising an additional GPS receiver
circuit associated with the server to erate the additional satellite
positioning signal data. 3. The systemof claim1l, further conprising a
client identifiey mdieedéce IFNARM S avhdRlifUbe CRAR: | (RPLihfeyhAd nidglec! | ent
transmtter. 4. The device of claim1l, further conprising a client
processor \MeEWEses a tepeesentitegit ofgaloeal gnapdfer dicatingltedoeationtimformitiant t r ansni t
enabl e nodul e conprise a series of programinstructions executed by the
client processor. 5. The device of claim1l, further conprising a server
user interface dul I | creen and keyboard to di splay
the | ocation |nﬂg?nafﬁ%ﬁkog&ﬁgEQ%?%Z@ﬁ%E%%%ﬂ%§fﬁb7354 16 6. The device of
cl ai m 5 wher ei n adlienSetsiesr tuseeiverth€ldeatieh iifudagon;,conpri ses a

representation of a local map for indicating the |ocation information. 7.
The device of claaﬁemeitralr*wttﬁ%tp teagsiiitag legation infarmation Eﬂbtép 91é¢nttr@5:ewé6eu ve the

l'ocati on i nfor matdeARy carRE YR ﬁeéﬂbtf&ec[etécﬂng CRRS o :
information to the client recelver; a server rrier etec |on nD e for
detecting raadio traffic on an RF channel; and a server transnlt enable
nodul e to enabl e the erver tr nsnltter n.no radio traffjc etected
on the RF chann&5t'6t th )7“% Ao te ﬁ’éabf%@ﬁtSFWﬁr ST e W rtoora he
client recefy®d is &tecﬂlﬁoﬂ% RE Bbnifel 3 Mefobyf tddsHE the QBPtiof | iRGratfdnl SNt USer
interface, including a display to display the |ocation information 9. The

devi ce of dheglipnBrogpigeein the client user interface further conprises a
representation of a local map for indicating the location information. 10.
The device of claim 7, further conprising a base processor wherein the

8. The device of claim 7, further comprlsmg a client user 1nterface

mcludmg a dlsplay to display the location information.

9. The device of claim 8 wherein the client wser interface further

comprises a representation of a local map for indicating the location information.

10.  The device of claim 7, further comprising a base processor wherein the
base carrier detect module and the base transmit enable module comprise a series of

program instructions executed by the base processor.

11. A method of server-assisted location detection, comprising:

requesting a location of a client unit;

detecting a plurality of satellite global position signals at the client unit in
response to the location request;

capturing segments of the plurality of satellite signals;

transmitting data packets indicative of the captured satellite signals to a server
unit via two way radio;

determining the location of the client unit by analysis of the satellite signal

segments;



base carrier detect nodule and the base transmt enabl e nodul e conprise a
series of programinstructions executed by the base processor. 11. A

met hod ofwearMex2snssi sted | ocati on detection, conprising: PCTABOBS3SNg a

| ocation of a client unit; detecting a plurality of satellite gl obal
position signals at the client unit in response to the |ocation request;
capturing segnents of the plurality ofl?atellite signals; transmtting data
packets indicative of the captured satéllite signals to a server unit via

two way radio; gﬁe%@r&mg%@g)chm SORALHEHR ufh af MGsep ldi@ficeuni t by anal ysis of
the satellite signal “segments; WO 02/073231 PCT/ US02/ 07354 17 presenting

the location of the client unit at a user interface. 12. The net hod of
claim 10 wherein transmitting the data packets to the station conprises:
observi ng a sel 82t ed Thadneshdd efjoleits 1 O(Wmeyeis Heanpmitting thfedata Padketstoi thg r adi o
traffic on %ﬁe selected RF channel; and in the absence of existing radio
traffic, tf 8‘?7?‘???%651 he data packets fromthe <client unit to the server

unit on the sel gpicedinffa sdievidttkradid Jreqléiey ®H) athaniic] abadetct 2xistivg tridio
conpri sing agpending Identification data to the transmtted data packets,

the ident i tiagwanohe seleciepREHAMEG &duni que i dentification of the client
unit. 14. The gﬂi%%?abg%ncglo?'emsgoiﬁ% fdfd -0t GIRMtind! (RO UaQARELS RAnPmee! ect ed

radi o frequenc annel t etect existing r traffic ont
sel ect ed Relichanhed theaarler anidbs érecseleofed ®H danmg. radi o traffic, transmitting
the location information from the server unit to the client unit on the

sel ected RF channel. 15. The method of claim 11 wherein the | ocation
request originates at, the . client.unit he nmethod further c .i.sing
L ranem 41 ng. datd i ndPERsheR phetaimz Futher sORpENe PRttt (B HGTpR S
two-way radh@. to the transmitted data packets, the identification data providing a unique

identification of the client unit.

14.  The method of claim 11, further comprising: ‘

observing a selected radio frequency (RF) channel to detect existing radio
traffic on the selected RF channel; and

in absence of existing radio traffic, transmitting the location information from

the server unit to the client unit on the selected RF channel.

15.  The method of claim 11 wherein the location request originates at the
client unit, the method further comprising transmitting data indicating the location to

the client unit via the two-way radio.

16.  The method of claim 15 wherein transmitting the location data to the
client unit comprises:

compiling the location data into a location information packet;

observing a selected radio frequency (RF) channel to detect existing radio
traffic on the selected RF channel; and

in the absence of existing radio traffic, transmitting the location information

packet from the server unit to the client unit on the selected RF channel.



16. The nmethod of claim 15 wherein transmtting the |ocation data to the
client unit conprises: conpiling the Iocation data into a | ocation
i nf or mat iwo opatkst ; observing a selected radi o frequency PRF)USohensnel to
detect existing radio traffic on the selected RF channel; and in the
absence of existing radio traffic, transmtting the |location information
packet fromthe server unit to the cli ot unit on the selected RF channel.
WO 02/ 073231 PCT/ US02/ 07354 18 17. The nethod of claim 16, further
conpri sing appendi ng Thdenéthbd eRclMA 1613hdhd: Qohﬁﬁsﬂn@%@bﬁ&lné iR
packet, the identification data providing a unique  irdentiTication of the
client unitdata1® thyHecatienhipfpraratien papket.1 thatidensification detai pryvidiveg plumicaiei ty of
satellite . . DOS 4 | jgnals at the client unit and capturing
segnent s oé%&ﬁﬂgﬁlogfvéél%‘g&gfh&?'ecei ving the location request. 19. The
met hod of claim 18 wherein detecting the plurality of satellite gl obal
position signals at the client unit and capturing segnents are perforned
periodical ly, and. whaheimethbde of radaiginill twhegeinl detechag Kied Dldrdlity N SRINET
fol |l owi ng si p,of receiving a request conprises transmtting the nost
recent dat& OE?QI:R%SL‘%‘?“ ygnalsrplethgligpigundt and eapfrng spE@eRis peewein aslyandertder f ace
is a porti feBfind M€ 10GlbSRuERi t and presenting the |ocation of the client
unit conprises displaying the |ocation on a display. 21. The nethod of
claim 20, further conprising displaying a | ocal map and displaying the
| ocation of the client unit on the |ocal map.

19.  The method of claim 18 wherein detecting the plurality of satellite

global position signals at the client unit and capturing segments are performed
periodically, and wherein the transmitting data packets to the server following step of

receiving a request comprises transmitting the most recent data packets.

20.  The method of claim 11 wherein the user interface is a portion of the
client unit and presenting the location of the client unit comprises displaying the

location on a display.

21.  The method of claim 20, further comprising displaying a local map and

displaying the location of the client unit on the local map.



