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algorithms within the GPS user equipment can account for satellite clock error. With at least four GPS
30  satellites in view, a three-dimensional position is accomplished in GPS user equipment using a standard
technique known as a conventional code-based GPS position solution. This standard technique is also

generally termed “a single point position” by those skilled in the art.

Conventional Code-based GPS position solution (single point position)

35 In conventional code-based GPS, the latitude, longitude, and altitude of any point close to the earth can be
calculated from the propagation times of the positioning signals from at least four GPS satellites in view. A
GPS receiver makes range computations based on the correlation of internally generated pseudorandom code
(PRN) sequences with received pseudorandom code sequences from each GPS satellite. The measured ranges
are referred to as pseudoranges as there is a time difference, or offset, between the clocks on the satellites and

40  the clock within the GPS receiver. It is necessary to ensure that the receiver’s clock is synchronized with the
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are referred to as pseudoranges as there is a tine difference, or offset,
bet ween the clocks on the satellites and 40 the clock within the GPS
receiver. It is necessary to ensure that the receiver's clock is
synchroni zed with the ~~~~~~~ 11111112112121121212212212 1111 1111 *@&00001* 2
satellite constellation's clock in order to accurately neasure the el apsed
time between a satellite's pseudorandom code sequence transm ssion and
reception of that pseudorandom code sequence by a GPS receiver. A

navi gati on nmessage is also transmtted fromeach satellite, which includes
time information, satellite orbital infgrmation, and satellite clock
correction terns. For three-di nensional positioning a GPS 5 receiver
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recei ver then pseudoranges, forming a differential range correction for each satellite in view. The reference receiver then
sends these corrections as digital data to the GPS receiver via an RF data link. The GPS receiver
subsequently adds these corrections to the pseudoranges it measures (for the same satellites in view to the
reference receiver) before calculating a position solution. Errors common to borh reference receiver and the
35  GPS receiver are completely removed by this procedure. Uncorrelated error sources such as multipath and
receiver noise remain in the pseudoranges and subsequently degrade position accuracy. Position accuracies in

the order of several meters are achievable with code-based differential GPS correction in low multipath

environments.
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sends these corrections as digital data to the GPS receiver via an RF data
link The GPS receiver subsequently adds these corrections to the
pseudoranges it neasures (for the sane satellites in viewto the reference
receiver) before calculating a position solution. Errors common to both
reference receiver and the 35 GPS receiver are conpletely renoved by this
procedure. Uncorrelated error sources such as nultipath and receiver noise
remain in the pseudoranges and subsequently degrade position accuracy.
Position accuracies in the order of several nmeters are achievable with
code- based differential GPS correction ig lownultipath environnments. 40 3
Conventional Carrier-based Differential GPS (relative positioning)
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the RF dat a0 | icodétrain@difitrential data update rates, causing data latency and degrading position accuracy. Poor reception

of differential data caused by physical obstruction and multipath causes data corruption, which degrades
position accuracy at best, and results in total link failure and no position update at worst. The second
shortcoming of CDGPS is the lack of time determination. A conventional single point position solution
solves for the four unknowns of position (x, y, z) and time (t). CDGPS uses a process known as “double
35 differences”, which eliminates the receiver clock terms for both the reference receiver and the user receiver.
Therefore, the user receiver can determine accurate position with respect to the reference receiver position,
but cannot determine time. This is unimportant if the user is simply, and only, interested in position.
However, precise knowledge of an accurate system timebase is very beneficial to many user applications
involving computer networks and telecommunication systems. The lack of time determination is a major

40  problem associated with CDGPS prior art systems.



secondly, the lack of tinme determ nation at the user receiver. The data
bandwi dth of the RF data |link 30 constrains differential data update
rates, causing data | atency and degradi ng position accuracy. Poor reception
of differential data caused by physical obstruction and nultipath causes
data corruption, which degrades position accuracy at best, and results in
total link failure and no position update at worst. The second shortcom ng
of CDGPS is the lack of time determi nation. A conventional single point
position solution solves for the four unknowns of position (x, y, z) and
time (t). CDGPS uses a process known as double 35 differences”, which
elimnates the receiver clock terns for both the reference receiver and the
user receiver psenddiRa@grh@tont he user receiver can determne accurate
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omni-marker. Further, an omni-marker position receiver requires double the receive channels of a

conventional differential GPS receiver, adding to the cost and complexity.

35  Differential Range Measurements using "Ground Transceiver" Pseudolites
U.S. Patent Number 6,121,928 to S.heynblat, titled “Network of Ground Transceivers” describes a differential
correction method whereby a network of so called "ground transmitter” and “ground transceiver” pseudolites
serve as channels for relaying information to a position receiver for the differential determination of user
position {Column 5, lines 31 to 36). Sheynblat teaches the use of differential correction to overcome master

40 clock bias (Column 5, lines 23 to 36) and line biases introduced by the ground transceiver hardware (Column



pseudolite, and subsequently conputes differential range measurenents. 25
Cohen's differential nmethod elimnates the need for a traditional digital
data link, as required by conventional code and carrier-based differential

systens. However, an omi-nmarker position receiver nust still receive both
GPS satellites and omi-marker signals to conpute a differential range
nmeasur enent. Receiving omi- marker signals alone will not allow a position

conput ati on. Al so, the omi-marker nust generate and 30 transmt individual
carrier and PRN conponents for each GPS satellite in view, making the

omi - mar ker conpl ex and expensive. Currently, this would require up to
twel ve individual transm ssions froma single omi-marker. Further, an
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posi tion sol utdBHd FARMNEVIRY position receiver froma network of ground
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- referred to as a Positioning-Unit. Devices), as described bel ow. OBJECT OF
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It is yet another object of the present invention to provide a positioning system and method for making
precise code and carrier phase position determinations without the requirement of differential correction

techniques.

35 It is yet a further object of the present invention to chronologically synchronize Positioning-Unit Devices to a

system timebase, the system timebase not necessarily being of absolute accuracy.

It is yet a further object of the present invention to propagate a reference timebase through geographically
* distributed Positioning-Unit Devices.
40



It is yet a further object of the.present invention to provide a
positioning system and nethod for naking 25 precise code and carrier phase
position determ nations without the need of atomic tinme standards. It is
yet a further object of the present invention to provide a positioning
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30  In a preferred embodiment of the invention, the reference transmitter generates and transmits a plurality of
frequency-diverse positioning signals that exhibit time-incoherence. The positioning-unit device also
generates and transmits a plurality of frequency-diverse positioning signals. The positioning-unit device then

- receives the plurality of frequency-diverse positioning signals from the reference transmitter of from other
positioning-unit devices including itself or from both the reference transmitter and other positioning-unit

35  devices including itself. The positioning-unit device then independently chronologically synchronizes each

- frequency-diverse positioning signal from the reference transmitter or the other positioning-unit devices or
both to a respective frequency-diverse positioning signal from the positioning-unit device itself.
Consequently, the time-incoherence is common amongst all frequency-diverse positioning signals.



t he uni que positioning signal according to: i) the deduced transm ssion
difference; and ii) the reference positioning signal propagation del ay.
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posi ti onishrllg)-etq?\nf) I r?/flx'ﬁ ‘f”r‘?@‘ﬁ‘ﬂenfse‘lf\é‘f‘?/é@"”ﬂ‘?% gF dpdpedt Gpnsgtissipr difigrerrsyindidoer se
posi t PonicAgPagson reflinegiated motpezisamadf dutepnta darrieh phdsd nedsur@hients IdoBAmHM @om carrier
poSi t i ONich@pohdAtst of IRViefefScel J3GHdAL j f fromboth the reference.
transmitter angi[ﬂot herﬁ%gcgiliaig{l)dré%ggﬁdrllita‘t%%g ug{ Vi é@“lmﬁcﬁ'%ﬂ?%ﬁd? £81% “the

posi ti oni Ny~ “8%%i ce then independently chronol ogically synchronizes
each frequency-diverse positioning signal fromthe reference transmtter

or the ohgbm kLLonihng-uni . deyvices or. . bgth to.a respective i

freqy $ncx ‘:d%i veg ?%?%%:’b?%%? ﬁg‘h%‘u“‘é"ﬁ% o, e Ser‘rjlufeaémﬁﬁlgf“ﬂ céﬁﬁ‘eﬁﬁ’-'ﬁﬁlﬂd‘fs GEH R
itself. R&emrAaF §om th efaanpranopitieniis siserlcied the umigmpositiosingsigiet to albtbrmine a

f r equencimediffeednse posi ti oning signals. 6a In another preferred enbodi nent
of the invention, the adjusted unique positioning signal functions. as a
reference positioning signal for other positioning-unit devices. In yet

anot her 1Br¥st ajother) pesfeired emtpodimentodf thén dnviemtioe)n thie aladucédn @anstaieivh ediffdrdnad) diug&i ON

di 1 er erampdinglof ieioranpe SRBRRRAMtcfiinda HoB Al th 50 TRALIS A 06 r SR RYLA! o0
carrer, ggose mea _urgmant s determned fromcarrier conponents o _
ref erende’ pOLEtE8H; 1Y 1 WHae Peridpning signsl; lqudstemring ¢ ipsgyilonapdan gers| pseudordiee er i ne
a carri differeheeequency di fference. I n another preferred enbodi nent of the
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30

such that the reference positioning signal propagation delay is equivalent to the converted signal time-of-
flight.

In an altemative embodiment of the invention, the reference transmitter includes positioning-unit devices,

Wide Area Augmentation System satellites, Global Navigation Satellite System satellites, Pseudolites, or any
35 other devices that incorporate timing information.

In a second aspect of the present invention, a system and method is disclosed for generating frequency
. coherence between a received reference positioning signal transmitted by a reference transmitter and a unique

40 positioning signal generated and transmitted by a positioning unit device. A positioning-unit device is a



device; c) converting the cal cul ated geonetric distance to a signal
~time-of-flight; 30 such that the reference positioning signal propagation
delay is equivalent to the converted sjignal time-of- flight. In an
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In an altemative embodiment of the invention, the reference transmitter includes positioning-unit devices,
Wide Area Augmentation System satellites, Global Navigation Satellite System satellites, Pseudolites, or any
35 other devices that incorporate timing information.

In a further aspect of the present invention, a system and method is disclosed for chronologically
synchronizing a unique positioning signal generated by a positioning-unit device at a known location with a

40  reference positioning signal generated by a reference transmitter located at a known geometric distance from
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In another preferred embodiment of the invention, the time difference comprises comparing pseudorange
measurements determined from pseudorandom-code components of the unique positioning signal and

pseudorandom-code components of the reference positioning signal to determine a code pseudorange
difference.



integrated carrier phase neasurenents determ ned fromcarrier conponents of
the uni que positioning signal and carrier conponents of the reference
posi tioni ng signal to determ ne a cargher frequency difference. 30 In yet
anot her pR&fahe@reérrebeibedimentof the inention \dentimic @ififere AR A6 prisBLotpiing ihsBtaneous
~di f f er encemehfe h&Q S BALInBEd ; ts, fromthe unique positioning
si gnal ang slata oﬁﬁ’e”r? nents f{ rpmﬁgg%efﬁ% & ef)rtzlﬁacué“ "%%%@?Wis%&a? a‘@icﬁﬂ%{l to
deternine a coarse Tre°aPyioars Hemwl to diprmipe apamiertphipse gifiefeager ed enbodi ment  of
the invention, the tine difference conprises conparing pseudorange
Meas us e man hrSalteledtied Shbo&Rledt " random code conponents_of the unique
posi tionigag signal and %ggl%g?gn gnt@cro_ e"_c?:g?f’ﬁ?}ﬁté%%l“%f Pestiignipeaing devifies
posi ti oni ng ‘Srgnareienfyiterr stsliressGlebsidavigation Sueltitn Gpstentisafe liess, Preadulited, Br @t
anot her pthefdevicesdisht ipevipoditavixing aforaieh. | Nventi on the tinme di fference conprises
conparing instantaneous carrier phase neasurenents determ ned fromcarrier
corrponents ]gofg.the, uni que positioning signal and carrier conponents of the
r ef er enc &™FEE i I srehyhes) agpesitionive-whis dewion’s ineerrally gentraed pRithEeg dirhfiekep&Ry 5 In
an allt er ephtriny witlefrbinehuiiR Vo fofthcd ;!Sb%iﬁi)dﬂx\éa%kzil,%d cﬁr@:%lor GhELRNGS. L H.? ML &
i ncl Udesuaﬁs%ﬁtté 'nggqaggdﬂgé t devices, . W€ Area AugGmentation oyst &f§ence.
satellites, G obal Navigatf?BHOBK N deyiee isychioaslpgieails| ynchesgizedPigen shirintees, or
\emy ot H’é?s_m(‘f@v P%@@%tmm-;mbm autecing ﬂ:dsrixe:t\gad't EinQisETRE Uflhue thhsiRte® FosltisnifC N Iev_ed
en a pigsdl bd Drdferde YobitfonS Viohf. The ! nal l.y.generat e si.tjoning signal is
frequenggsiﬁog]?_u%qaergnt m%nggﬁ &ﬁgg%gélh%rdé%é’rg%"ﬁc" %b%%f‘%(’)'%ﬁa o8I PREY and
chronol 6gi cal > CONBIEHTBIHP timeroherent aptuprk plcpesitioning nignalt. s titrebyebase wigece a
posii i ofPAYy temicpagatead axeeniely rbvi Nnbiagia6ak h MvsuRAREQNRE L0 a reference
transmtter, other positioning-unit devices entering the network can use
its unique transmtted positioning signal as a reference positioning
signal . The geographical distribution of the chronologically synchronized
positioning-unit devices creates a time-coherent network of positioning
signals. This thereby allows a unique 15 capacity to propagate an
extrenely precise tinebase across a substantial geographical area. 7 BRIEF
DESCRI PTION OF THE DRAWNGS 10 FIG | is a graphical representation of one
enbodi nent of Ti ne-Lock according to the present i nvention, incorporating
a single reference transmtter broadcasting to a plurality of
Posi tioning-Unit Devices,.and a roving position receiver determining an
aut ononous single point position solution. FIG 2 is a graphical
representati on of another enbodi ment of Tine-Lock according to the present
invention, 15 incorporating a single reference transmtter ,broadcasting to
a single Positioning-Unit Device. FIG 3 is a graphical representation of
anot her enbodi nent of Tinme-Lock according to the present invention,
incorporating a single reference transnmitter broadcasting to a plurality of
Positioning-Unit Devices. 20 FIG 4 is a graphical representation of
anot her enbodi ment of Tinme-Lock according to the present invention,
incorporating a reference transmtter broadcasting through an internediary
Positioning-Unit Device. FIG 5 is a graphical representation of another
enbodi nent of Ti me-Lock according to the present invention,



incorporating a plurality of reference transmtters broadcasting to a
single Positioning-Unit Device. 25 FIG 6 is a graphical representation of
anot her enbodi ment of Tinme-Lock according to the present invention,
incorporating a Wde Area Augnentation System (WAAS) reference transmtter
broadcasting to four Positioning-Unit Devices. The Positioning-Unit

Devi ces subsequently transmt their own unique chronologically
synchroni zed positioning signals to a roving position receiver situated in
a satellite-occluded 30 environnent. FIG 7 is a graphical representation
of anot her enbodi nment of Tine-Lock according to the present invention,

i ncorporating a Positioning-Unit Device reference transmtter broadcasting
to three Mﬁsgﬁhbkgphﬁgbmwmw ces. The Positioning-Unit Devices
subsequently transmt their own unique chronol ogically synchroni zed 35
positioning signals to a roving position receiver. FIG 8 is a graphi cal
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si ngl e pé?CPWaaeﬁﬁPl%W%mﬁwwsP%mmms% efmprmg Laitmvep enti al
corresstion. Furthernore, the reference transmtter oscill ator does not need

the i nherFR'pBls% r@;m ﬂ%&e%o@&%mgrem£Mnt%fﬁg cox%ﬁ%{o%gglleseﬁu?en prl or art

syst ens, .thereby a an |1 nexpensive crystal o Pe used as
a ref er efREEPOFRinget Rids “Pﬁi‘r YeREntadioR ?Xs'éml(w\ééﬁl e RSt b?@“?‘l'?ﬂe? fours det ai | ed
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W ENOUL  GReIlsb kol tleftchh HnabARHRANS of fime-(DIERo b6 B 588t nBldebn ¢ hout

requiring di
incorporating a Posmonmg-Umt Device reference transmitter broadcasting to three other Positioning-Unit

Devices. The Positioning-Unit Devices subsequently transmit their own unique chronologlcally synchronized
35  positioning signalsto a rovmg position receiver.

FIG. 8 is a graphical representation of another embodiment of Time-Lock according to the present invention,

incorporating two autonomous networks of Positioning-Unit Devices, and a roving position receiver situated

at the boundary of the two networks. The boundary Positioning-Unit Devices subsequently transmits inter-
40  network corrections to the roving position receiver.



25 SYSTEM AND METHOD FI G | shows one configuration for a Positioning
System that generates precise position determ nations using 30 code and
carrier-based single point position calculations. A plurality of

Posi tioning-Unit Devices 101-1 & 101-2 are positioned at known | ocations
with respect to a reference co-ordinate system and respectively receive at
| east one reference positioning signal 102 broadcast by at |east one
reference transmtter 103, which is also positioned at a known | ocation
with respect to a reference co-ordinate system In response to the
received reference positioning signal 102 the Positioning-Unit Devices
101-1 & 101-2 transmt one or 35 nobre unique positioning signals 104-1 &
104-2, which are chronol ogi cal ly synchronized to the reference transmtter
103. A roving Ltion,recei h rk of devices
Tor 1 101 2 G0y bORBERTLHShonpdPrn AL, et Bl BEPEINRLY, O TP
reference transmtter 103 and uni que positioning signals 104-1 & 104-2
fromthe Positioning-Unit Devices 101-1 & 101-2, and autononously

cal cul at es potdverenter and carrier-based single point position

determ nations fromthe networ Kk of chr onoI ogi cal 'y synchroni zed 40
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posi tioning signak., Wil rﬁlBre tﬂearnyde@tgmsfnﬁtQms&lD{%r L&l b 2AAGR u‘ihEr@rE‘s"tXEll&yto?EtorﬁlQ the
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fime stan a.rés easr reQénreq b§/prtohart sggms Sxérebé élg)nla%an i ertswe c h

~ appr oxi rrately one ne nan

‘Posi ti oni ng- Unfs ¢ refosies drsbasgipntieairgloggion 1egkof - f | j ght of fset to an internally
generated positioning signal and aligns this positioning signal to the
I nconi ng r ef ersGs e RAsd beiod Mgt GOd] Deviteip selE dsnGicaghodicliechritrefonddribyting

. generated posi ado%%.&gy %&mkedua;&m@&g%nploq%ﬁélpo@loh AR rniMartoRs b Boving
reference transmt

Posi ti oni ng- UnTPtoB&G"Eed Paﬁ“lat (lé°r%’na%°ya§1/d cgmggg’”CCESIDE'C Pos F‘ism%(r:\ﬂﬁrﬁmamm “"ﬁ"“hge
frequency cohwsdrekysigl ‘1°H‘°°<§.‘PPS PEsEhE O dprings i DY Ve Feat g pierc %“Pegj‘i“l‘&f’ds °5nd
chronol ogi cal GNfsS@Ememesrnywithbut telpdring diffeqnisheacctidnr ansm tter ti mebase. A
reference positioning signal is transmtted via a radio frequency (RF)
carrier froma reference transmtter. 20 The reference positioning signal
“¢an be gener at ed from an%{(%/}\)?l idtinme source, which may include

" Posi tioning- unt T de Area Augnentation System (WAAS) satellites,
‘d obal Navigation Sat ellite System (GNSS) satellites, Pseudolites, or any
conbi nat i on of Figalskogs otsnizastion Ref BesitianingySystearvhat geneFefe€precBe pogition determinations using

30 code and carrier-based single point position calculations. A plurality of Positioning-Unit Devices 101-1 &

101-2 are positioned at known locations with respect to a reference co-ordinate system and respectively
receive at least one reference positioning signal 102 broadcast by at least one reference transmitter 103,
which is also positioned at a known location with respect to a reference co-ordinate system. In response to
the received reference positioning signal 102 the Positioning-Unit Devices 101-1 & 101-2 transmit one or
35 more unique positioning signals 104-1 & 104-2, which are chronologically synchronized to the reference
transmitter 103. A roving position receiver 105, situated within the network of devices 101-1, 101-2 & 103,
receives reference positioning signals 102 from the reference transmitter 103 and unique positioning signals
104-1 & 104-2 from the Positioning-Unit Devices 101-1 & 101-2, and autonomously calculates both code
and carrier-based single point position determinations from the network of chronologically synchronized

40  positioning signals.



Positioning-Unit Device 201 | ocated. at a known di stance froma reference
transmtter 202 receives a reference positioning signal 203 transmtted by
the reference transmtter 202. The reference positioning 25 signal 203 has
a carrier conponent, a unique pseudo-random code conponent, and a data
conmponent. The Positioning-Unit Device 201 incorporates a position
receiver 204 and a co-located transmtter 205. The position receiver 204
i s capable of receiving positioning signals fromall reference positioning
signals in view 203, and also positioning signals fromits co-Ilocated
transmtter 205. In response to the receigved reference positioning signal
203, the Positioning-Unit Device 201 transmts a so-called slave
positioning signal 206 30 fromits transmtter 205, which is received by
the Posi tioni ngpllpidk Device position receiver 204 The sl ave positioning
and 2 data  coRoran rlmae ERCNES nrlatr o SR i e P PB8 SRR D04
recei ves and s*}r‘ﬁ‘ﬂfytvél‘leeaﬂ%’é"l"iﬁ‘bé‘&ﬁﬂ?ré‘%“t geforg gy é?‘fé“n*é‘émﬁ‘@"é‘f“te ek spFesPY A 203
from t he ref ereneesdlpengirufiices h@ERremndock i @ refitemry wanyyisi. in tepprefyged Stgimdént 206
from the co-|eaRh@d choipaddaddi cyktloscaidibr (Téxcb)rarbam S Sibe@NA tPbsiBningiUhif BEVRPGR: | S

then cal cul at eﬂqu%ta%é?éﬂcett@ﬁm&&%&lt&!xﬁg sigml, Exﬁ ﬁJuQ:QsCaesoﬂaﬁl&'deegFHxéﬂgoﬁ&k m 203

and t he recelved sl ave oni n n ] O
difference, as O%e °|mat'$ Rdpers RARIRRS g %th %" f°'°rde“atesa°§fhe Fnﬁ{wﬁ‘@%ig%)})““'(ea)

Conparing the F‘ﬁf"é@?f’&tgﬁd’ffif'a‘f*ﬁ igp °‘i§‘ﬂ‘3§§‘%°“He@?agﬁé‘a‘gfﬁrdéwgmﬁ‘é?yéﬁﬁfﬂ@& from
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(c) Comparing $°Pf@teﬁg°ém$ H§7g dntorbrgrolpeieahplignment otk the rpfprppecirapspiiien Sppridically, Time-
pseudo- r anddm lxcidie adevp @hre atPssitiogds-Unh Deviced’ drcanlly @enprasi rositpringwipng hag aduend03 and

the slave posiéohddeRih &l igddhe RRGnck PostiGILaR ka1 Bid BnrénBi6ltal BheldE WA Gice
difference. (d),,GHINAL.RY the instantaneous carrier phase neasurements

determ ned fromthe carrier conponents of the reference positioning signal
203 and the slave positioning signal 206 to determne a carrier phase

di fference. 10AF&renppesinipesignpligraspifedifagijdiodequerey BY) cirtire frag areferenergispitesni ng
signal 206200 ThHagefer@feepositnoige bigranemibt iz@eri@DRont inyphisiSEne @, Shignedy include
propagati.on depRionB@UNERNCE, Wadelaeh RLgBARI0d syaaﬂmmk)&stexmt@&maxa\;’&%n id he
Posi ti oni.ng- U”Mw@@ﬁs@%wuﬂ&Sészuh&[és 0%9'00\4.4%&“@95&9@%?&9581@%% %fc,CQUa”t ed

for. The known LN meters re erence
transmtter an‘f H%ﬁg"ti’bﬁmf”&e %ﬁi“f—s%s"it £iBRP 5215 if”fm I"_‘)é‘iﬁr%‘é PBEL i 2 RS ver
ant enna 208 cafferense pasitnipe pignal 20 gansmited Gy e rofarenss rgrpmiftr 207, fhegsfergnpeepositigpiren| a:

ti me- of - f | i2ght signal d#3gibscarraradr sp@arantGf uniqye givtdo-rabfven cho Sintppreduiamip dits cdulfiuntnt. DBV Ce
201 i ncor por at RSitidingUREREE J0i BBSP¥lalel £posidn06kive? 363, and ) EdAbtatbi@RnspRerds. it €d 1 n
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steered transn)tter e ermne 1 onl ng Sl.ljl""t Devi ce
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Posi t i oni nge Unfrdm iDextkogieer 2080@icl 8lrecd@dlby e Pdsitdhifigd @it Device position receiver 204. The slave

positioning signal 206 has a camrier component, a unique pseudo-random code component, and a data
component. The Positioning-Unit Device position receiver 204 receives and simultaneously samples the
reference positioning signal 203 from the reference transmitter 202 and the slave positioning signal 206 from
the co-located transmitter 205. A transmission time difference is then calculated between the received
35  reference positioning signal 203 and the received slave positioning signal 206. The transmission time

difference, as used in the preferred embodiment, is determined by:

(a) Comparing the integrated carrier phase (ICP) measurements determined from the carrier
components of the reference positioning signal 203 and the slave positioning signal 206 to

40 determine a carrier frequency difference.



by the reference positioning signal tinme-of-flight 209. This brings the
sl ave positioning signal 206 into 20 chronol ogi cal synchronization with
the reference transmtter 202 tinebase. The process of differencing the
recei ved reference positioning signal 203 with the slave positioning signal
206 elimnates the Positioning-Unit Device position receiver clock term
thereby allowing the Positioning- Unit Device 201 to follow the reference
transmtter 202 tinebase w thout any cl ock bias caused by the |ocal 25
Positioning-Unit Device oscillator 212. Furthernore, differencing between
two channels of the sane position receijger 204 elimnates any receiver

| ine bias or group delay caused by the position receiver electronics.
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to the Posit iUsinDevGge M iidconioecs € gecd Ohnbrhiget deck 21D 2Yhich Sandk gdinstasis ifrgin@d by det he
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position receiver 204. The receiver channel is initialized wth the sane

frequency of fsgt  and Rseudor ADAOM £8P REREine bl 53 30 b GavERHichih T 9- Uni t

Devi ce

. 206 eliminates the Positioning-Unit Device position receiver clock term, thereby allowing the Positioning-
Unit Device 201 to follow the reference transmitter 202 timebase without any clock bias caused by the local
25  Positioning-Unit Device oscillator 212. Furthermore, differencing between two channels of the same position

receiver 204 eliminates any receiver line bias or group delay caused by the position receiver electronics.

Control States of a Positioning-Unit Device
In the preferred embodiment, Positioning-Unit Devices Time-Lock to reference transmitters using the

30 following control states:

State 0: Reset

Reset all hardware
35 State 1: Acquire Reference

The Positioning-Unit Device CPU 211 initiates a search for a reference positioning signal 203 by the

Positioning-Unit Device position receiver 204.

40



20 transmtter 205, in order to aid acquisition of the slave positioning
signal 206 by the Positioning-Unit Device position receiver 204. The
Positioning-Unit Device then initiates a transni ssion of the slave
positioning signal 206. State 5: Acquire Slave 25 The Positioning-Unit
Devi ce position receiver 204 initiates a search for the slave positioning
signal 206. State 6: Lock to Slave The Positioning-Unit Device position
recei ver 204 acquires the slave positioning signal 206 and a coarse sl ave
time is denodul ated fromits navigation data conponent. 30 State 7:

Ref er ence/ Sl ave Frequency Lock The simnul fjaneous integrated carrier phase
(1 CP) measurenents for the reference positioning signal 203 and sl ave
posi tioning sigmatsoddbRefahe i nitialized (zeroed) and differenced by the

Posi ti oni ng- Uni‘hts P(Q@%kng ﬁmmsllcetdoﬁfan re&§&§64\é§1(nregp éferer;gbﬁogtlglnéilﬁglQwﬂetyr@rlcye
r epr ese nt s the fre gg%pcy tﬁaarg huge 1§ emodglatzdffre& etsnn%vn atlon data com%oflen rgn%‘ (%ll;longlﬁ ?Px

posi ti oni ng sﬁ&f‘fg‘f“ ave position S1gh

Wi thin the posPvrdAPAY- unit device CPU 211, contl nuously applies
correctionssto the Positioning-Unit Device steered transmitter clock 210 to
mai ntai N a zergad 3ICyeidnfzed100Ce bet ween the reference positioning si gnal 203 _

and the slave @g%sﬁéomidag L@@y 212 Q8is b s sa;aaogp;eaant;y I extwq}g ¥fean C

Alternatively e receive redference osi t qﬁlé g s Eb enc%; set
val ue, as neastIPEEERFY HEEIBSET PBRThG? TRTY “ R Ee" ‘88 SRR EY¥&r 204,
can be fed directly to the Positioni ng Unit. Device steered transmtter
clock 210 tho csuwat aitalize®laveal | ed " Frequency Tracki ng System? (FTS). The
stieered transmyt b&ﬁoﬁg%knev&@pwhmemﬂm Bl @Bad Audih EPRIEREN et SBitmiOf t he

:i ncom ng r ef erﬁal%%l os1 Imtnlgé N egice pﬂ@‘ Lsmg‘ngf’ﬁi’s Pw&{)ﬁe s@kn@é &l i’(.@gfn?lsﬁl‘n?lgeui%ency

Lock. This net equl 0S1 t ] ORI dlgz to be

comon bet ween S5‘&5‘§‘| p-ore f‘g‘é‘élf’i?‘élfncbfﬁﬂ AR d™tF %f?‘?§°rﬁ°f‘f‘°é’r"g 2‘6)“3' 20&(rglptiye &-

- Ref er ence/ S| avResi@oideUtitRekice@sfdllatorSi A tisealsy aspignpdete dip BesitistfingPait F?Véqﬁ@ﬁéymmk is

achi eved t he tdde21diby hePgiigdgat DEienNCHRUTE1.ITe @rvesne @itialid) thp DsiibningWhinDevisd gnal

- 203 and the sl @¥giR0ss &)la@muag, 5t 8 Bploxirdddly mmewma%un@me&a’remm@ﬂn@nd any
tinme bias el m ﬂ&egh queho%Eg gge‘%!e%%ﬁ Zgoclisg aJmQIEKhelétcrgiﬁm ﬁgquyxhe to a frec
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of the referenggidirdial 200/ P 8GRLring VniflBIvRY thendRkhtet B anGrddsion bAheCbhvd folioning .
difference is 15 then applied as a clock correction to the Positioning-Unit
Devi ce steered g[ransm tter clock 210. The clock correction is achieved by
engagi ng the Frequency Tracking System (FTS), and applying an additi onal
frequency of f s®tte X% &cqeiliflast eered transmitter. cl ock 210 for a predeterm ned
time periods TiheBosifichth-UhiOmeaike poditioereddied Cog indihtbsaadarciafbr ti@\asve pd3tioridg gl 2p0Si t i oni ng
.sirgnal 206 to slewin time until it becomes tine coherent with

State 6: Lock to Slave

The Positioning-Unit Device position receiver 204 acquires the slave positioning signal 206 and a coarse

| oop

slave time is demodulated from its navigation data component.
30 _ .
State 7: Reference/Slave Frequency Lock
The simultaneous integrated carrier phase (JCP) measurements for the reference positioning signal 203 and
slave positioning signals 206 are initialized (zeroed) and differenced by the Positioning-Unit Device position
receiver 204. This differenced value represents the frequency and phase difference between the reference
35  positioning signal 203 and the slave positioning signal 206. A control loop within the positioning unit device
CPU 211, continuously applies corrections to the Positioning-Unit Device steered transmitter clock 210 to
maintain a zero ICP difference between the reference positioning signal 203 and the slave positioning siQna.l

206, thus maintaining Frequency Lock.



the reference transmtter 202 tinebase. Once this Tine Slew is conpleted
the control loop is re-engaged. 20 Alternatively, Code-Lock can be achieved
by slewing the Positioning-Unit Device transmtter 205 PRN code generator
the requi site anobunt of code phase (chips) whilst maintaining Frequency
Lock. Code-Lock is based on PRN code accuracy, which is inherently noisy.
In the preferred enbodi nent stationary Positioning-Unit Devices filter PRN
code noise to a sub carrier cycle level. 25 State 9: Reference/ Sl ave Phase
Lock Once State 7 Reference/ Sl ave Frequency Lock and State 8

Ref erence/ Sl ave Code-Lock are achieved, Lwo tinme errors still remain that
must be corrected: (1) a 180 degree phase anbiguity and; (2) a

time-of - f I i ghtanenphh@s @nOfeleh@i refedfte (pbiitiohiR KSAL kdd@n obSD vAIRIELRANALS the
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35 200 pi coseqQeh beti®20@bdif8miad 208. 4GHz. The Costas Loop ambiguity can be
resol ved by reference to a predeterm ned sequence of data bits, generally
referred to as a preanmble, transmtted in the navigation data conponent by
transnitters \ﬁﬁieﬁllfffcfeﬁcé’s‘?‘t‘}(?&dt"‘ll‘{i‘i’i network. When the Costas Loop ambiguity
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- between ths r &ﬁt&ﬁa&ﬂ@ﬁzonetma&libt«.mveamsem@tha(aanoaﬁyinﬁtm&mmmmngwolnti t

- Devi ce ant eNNgenedihe red Afe dnddbrR&€dde GAUTRAPS WHlitst drkirkaibis}y FeQlef§ESLD I n the State 8
Ref erence/ Sl ave Code-Lock control state described above. The fractional
conponent 214 however, is too fine to be corrected in the State 8

Ref er ence/ Sl aadedades buwion FRYt @ srigosmybieh & HFefy PR Gegrslaed aiodeenty
carrier phase s@@papfosipning Unit Prvicediter BN padgmoife ta e dub pgierSycktiessh ( FTS) i s engaged
-and the Positioning-Unit Device steered 15 transmitter clock 210 is tine

S| ewed the reguy.sigLellant bRRAabxcycl e anount (fromits currently
Once State 7 Reference/Slave Frequency Lock and State 8 Reference/Slave Code-Lock are achieved, two

time errors still remain that must be corrected: (1) a 180 degree phase ambiguity and; (2) a time-of-flight

phase offset.

30

(1) Correcting a 180 degree phase ambiguity: Data is demodulated from a PRN code positioning signal
using a specialized Phase-Lock-Loop, well-known in the art as a “Costas Loop™. The Costas Loop
technique inherently incorporates a 180 degree phase ambiguity, and therefore can acquire and track
positioning signals with a half cycle ambiguity. This half cycle ambiguity represents an approximate
35 200 picosecond time offset at 2.4GHz. The Costas Loop ambiguity can be resolved by reference to a
predetermined sequence of data bits, generally referred to as a preamble, transmitted in the
navigation data component by transmitters within the location network. When the Costas Loop
ambiguity is resolved, an arbitrary fixed phase difference becomes evident between the position

receiver phase registers of the Frequency-Locked reference and slave positioning signals. This



measured arbitrary phase value determned in step (1) above) to a newy
determ ned tinme-of-flight phase value. The Ti nme-Lock-Loop (TLL) is then
re-engaged. The Positioning-Unit Device carrier phase slave positioning
signal 206 emanating fromthe Positioning-Unit Device antenna 208 is now
chronol ogi cally synchronized with the reference transmtter 202 carrier
phase positioning signal 20 emanating fromthe reference transmtter
antenna 207. State 10: Reference/ Sl ave All Lock Once all of the above
states have been achieved, the CPU 211 decl ares Ti ne-Lock and the
Positioning-Unit Device 201 begins trangm ssion of its now fully
synchroni zed uni que positioning signal 215. The Positioning-Unit Device
uni que posi ti oni NQarSiagyipidse Ak isidse 1OYrGRFYPREI DGE SRt poyiiE Gk aill izt @ t he
reference 25 transgldi.6he 232 badiebase with an accuracy of picoseconds, a
capability that is substantially beyond the capacity of any prior art.
Uni que Positioning Signals In the preferred enmbodi nent each
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ref erence transn t én@fatifyfomce aftehda anbntiteBanpinaizodl i ty - of Positioni ng- Unit
Devi ces. 3. O‘semqaj RERLE/diRE RIRce transmtters broadcasti ng t hr ough
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br oadcast i ng tResitieningfpé Peviyriqup pasitiining signpi2tS iDkey ichserologicallyjsyngfirenizeddd the refprenee

transm ttees cannshiger 282 GncbBe bltoadeanty @ pic@éconenCinshd: isonisagiallyibegjadil thd 0 a
_singl e Positi aij.igsrabdphidraddevi ce. FIG 2 shows a Positioning-Unit Device 201
"Situated at a known location, and a reference

Poi nt

Unique Positioning Signals
In the preferred embodiment each Positioning-Unit Device transmits a unique positioning signal, which
- 30  consists of a carrier component, a pseudorandom code component, and a navigation data component. The
carrier component is a sinusoidal radio frequency wave preferably transmitted in the 2.4GHz ISM band,
though the method of the present invention is equally applicable to other frequency bands. The
pseudorandom number (PRN) code component is modulated upon the carrier component, and consists of a
unique code sequence which can be distinguished amongst other pseudorandom code sequences transmitted
35 by other devices on the same carrier frequency. This technique is known as Code Division Multiple Access
(CDMA), and is well-known in the art. The navigation data component is proprietary information modulated
upon the pseudorandom code component, and provides a communications link to transfer navigation
information to Positioning-Unit Devices and roving position receivers. Navigation information may include
network time, Positioning-Unit Device locations, metaphorical “reference clock lineage” information, and

40 other desired network data.



transmtter 202 al so situated at a known | ocation. The Positioni ng- Unit

Devi ce 201 receives the reference positioning signal 203 transmtted by
the reference transnmtter 202 and the sl ave positioning signal 206 15
transmtted by the Positioning-Unit Device transmtter 205. In response to
the received reference positioning signal 203 the Positioning-Unit Device
201 determ nes the reference. positioning signal propagation delay 209 and
applies an appropriate transmtter clock correction to chronologically
synchroni ze the carrier conponent, unique PRN code conponent, and data
component of its internally generated sl@ave positioning signal 206 to the
carrier conponent, PRN code conponent, and data conponent of the reference
transmtter 20 positioning signal 203. The ‘Positioning-Unit Device
subsequent |y tﬁ,@;ﬁméosﬁgamumque positioning signal 215, which is
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i nternedi ary Pos i.oni n Devi ce de e subsequent
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transm tt e¥0 4@dsitonivgtlinit Bckicgstis imcldarmipwef thegedf@dnfegmnsmigignd a first Positioning-Unit
Devi ce

FIG. 3 shows a plurality of Positioning-Unit Devices situated at known locations 301-1 & 301-2, and a
reference transmitter 302 also situated at a known location. The Positioning-Unit Devices 301-1 & 301-2
receive the reference positioning signal 303 transmitted by the reference transmitter 302. In response to the
35 received reference positioning signal 303 each Positioning-Unit Device 301-1 & 301-2 determines its
respective signal propagation delay 304-1 & 304-2 from the reference transmitter 302 and applies an
appropriate transmitter clock cormection to chronologically synchronize the carrier component, unique PRN
code component, and data component of their internally generated positioning signals to the carrier

component, PRN code component, and data component of the reference transmitter positioning signal 303.



402 al so situated at a known | ocation. The first Positioning-Unit Device
402 receives the positioning signal 403 transmtted by the reference
transmtter 401. In response to the received reference positioning signal
403 the first Positioning-Unit Device 402 determ nes the signal
propagation delay 404 fromthe reference 15 transmtter 401 and applies an
appropriate clock correction to chronol ogically synchroni ze the carrier
conponent, uni que PRN code conponent, and data. conponent of its internally
generated positioning signal to the carrier conponent, PRN code conponent,
and data conponent of the reference trangm tter positioning signal 403.
The first Positioning-Unit Device 402 subsequently transmts a unique
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A plurality of reference transmitters broadcasting to one or more Positioning-Unit Devices.

A plurality of time-synchronized reference transmitters can be used to broadcast reference positioning signals
35 to one or more Positioning-Unit Devices. In this configuration any reference signal error sources, such as

multipath and tropospheric delay, can be averaged between reference transmitters to improve timebase

accuracy.

FIG. 5 shows a Positioning-Unit Device 501 situated at a known location, and a plurality of reference

40 transmitters 502-1 & 502-2 with common timebase, also situated at known locations. The Positioning-Unit



505, which is chronol ogically synchronized to the tinebase of the reference
transmtters 502-1 & 502-2. 10 Point Position Tinme-Lock A Positioning-Unit
Device is al so capabl e of synchronizing to a network tinebase w thout the
geonetrical distance. (reference positioning signal propagation del ay)
between reference transmtters and Positioning-Unit Device being known.
For this enbodi nent of Tinme-Lock, at |east four Timnme-Locked
Positioning-Unit Devices nust be in view The Positioning-Unit Device,
requiring to enter the network, self-surveys its three 15 di nensi onal
position by calculating a single point pgsition, which incorporates the
Positioning-Unit Device position receiver clock offset. The
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positioning signals from other Positioning-Unit Devices in the 2.4GHz ISM band, and also positioning

signals from WAAS and GNSS satellites in the L band frequencies. A Positioning-Unit Device may use a
WAAS satellite as a reference transmitter and Time-Lock its 2.4GHz slave positioning signal to the
1575.42MHz WAAS positioning signal. Time-Lock between disparate carrier frequencies is initiated by
35  coherently down-converting the incoming WAAS and Positioning-Unit Device carriers to a common
baseband frequency in the Positioning-Unit Device position receiver. Time-Lock is then performed with the
methods previously described. Coherent down-conversion requires the local oscillators in the Positioning-
Unit Device position receiver to be driven from a common oscillator. In the preferred embodiment the
common oscillator generates clock information for all components of a Positioning-Unit Device, including

40  the position receiver, transmitter, and central processing unit. Line biases and group delay are taken into



2 and/or tall buildings 603-1 & 603-2. If required, a directional receive
antenna 604-1, 604-2, 604-3 & 604-4 may al so be incorporated with each
Positioning-Unit Device 601-1, 601-2, 601-3 & 601-4 and directed toward a
geostationary WAAS satellite 605 (though these additional antennas are
preferred but not essential for the nethod). Deploying directional
antennas on Positioning-Unit Devices helps to mtigate nultipath and 10

i nprove received signal to noise ratios of the WAAS signal, which in turn
i nproves reference tinebase accuracy. Each Positioning-Unit Device 601-1,
601-2, 601-3, & 601-4 Tinme-Locks to the MAAS satellite signal 606, thus
creating a precision UTC synchroni zed network with picosecond accuracy. A
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In the event of a WAAS satellite not being available, it is preferable that at least one Positioning-Unit Device
provides the timebase for a network of Positioning-Unit Devices. Referring now to FIG. 7, a first
35  Positioning-Unit Device 701 situated at a known location is designated as the reference transmitter and
creates a system timebase from its internally generated clock 702. Two subsequent Positioning-Unit Devices
703 & 704 situated at known locations Time-Lock to the first Positioning-Unit Device reference positioning
signal 705. A fourth Positioning-Unit Device 706, which is situated at a known location but out of range of
the first Positioning-Unit Device 701, Time-Locks to the second Positioning-Unit Device unique positioning

40  signal 707. Therefore the system allows accurate cascaded time transfer through intermediary Positioning-



all Positioning-Unit Devices in view 701, 703, 704, & 706 and subsequently
cal cul ates a single point position solution. Further, the tinme cal cul ated
at the position. receiver 708 will be chronol ogi cally-synchronous with the
reference clock 702 of the reference Positioning-Unit Device 701. The
arbitrary tine value of the 5 reference clock 702 within the
Positioning-Unit Device 701 is of no consequence if the user is only
concerned with position determnation. |If the user wi shes tine alignment
with a global tinmebase, then the reference clock 702 within the reference
Positioning-Unit Device 701 needs to begteered to UTC. Positioning-Unit
Devi ce Reference steered by GNSS tinebase 10 In the event of a WAAS
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metaphorical “lineage™ of reference clock data for each Positioning-Unit Device in view. This allows a
Positioning-Unit Device or position receiver located at the boundary of two autonomous networks to
determine which Positioning-Unit Devices are associated with each network, and therefore which
35  Positioning-Unit Devices require clock correction within the roving position receiver position calculations.
Each Positioning-Unit Device receives Network 1.D. information from all other Positioning-Unit Devices in
view, and in response generates and transmits its own Network L.D. information to all other Positioning-Unit

Devices and roving position receivers in view.



Referring nowto FIG 8, there is depicted two autononous networks of
Positioning-Unit Devices 801 & 802. Positioning-Unit devices 801-1, 801-2,
and 801-3 are in view of one another and conmunicate to each other via
positioning signals 803-1, 803-2, and 803-3. Positioning-Unit devices
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each Positi oni vice. Positron receivers subsequently i nt er pr et t he
plurality of p"c’f%‘i“’fil oning signals to generate a so called w de-Ilane for
integer carrier cycle anbiguity resolution (AR). RF carrier signals

experi ences@ tmimpldeiqagncpifind-bikck passi ng through transmtter and.receiver
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signals experience a time delay whilst passing through transmitter and receiver electronics, known as “group

35  delay”. Group delay can vary many nanoseconds, depending on frequency and ambient temperature.
Therefore, a plurality of carrier frequencies generated from a common oscillator and transmitted through the
same transmit path will experience unequal time delays due to the carrier frequency differences, and further
experience varying time delays caused by temperature change of transmitter electronics. This causes
transmitted positioning signals that are not phase coherent. Non phase-coherent positioning signals will

40 induce range errors into the wide-lane ambiguity resolution (AR) process.
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DESCRIPTION OF POSITIONING-UNIT DEVICE HARDWARE

35
In the preferred embodiment, a Positioning-Unit Device incorporates a position receiver, a transmitter, a
central processing unit (CPU), and a common oscillator. The position receiver incorporates a plurality of
receive channels capable of receiving a plurality of positioning signals, each comprising a carrier component,
a PRN code component, and a data component. The transmitter incorporates af least one RF carrier generator,

40  at least one PRN code generator, and at least one steered clock. The CPU comprises means for interpreting



35 In the preferred enbodi nent, a Positioning-Unit Device incorporates a
position receiver, a transmtter, a central processing unit (CPU), and a
comon oscillator. The position receiver incorporates a plurality of
recei ve channel s capable of receiving a plurality of positioning signals,
each conprising a carrier conponent, a PRN code conponent, and a data
~conponent. The transmtter incorporates at |east one RF carrier generator,
40 at | east one PRN code generator, and at | east one steered clock. The CPU
conprises neans for interpreting 21 positioning signals received by the
position receiver, responsive neans to cantrol the transmtter steered
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Device transmtter has many simlarities to a conventional GPS pseudolite,
with one major and critical inprovenent: a steered transmitter clock. In
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pseudorandom number (PRN) code generator. The RF carrier generator produces the carrier component,

which is a sinusoidal radio frequency wave, preferably transmitted in the 2.4GHz ISM band, and the PRN
code generator produces the code component, which comprises a unique code sequence that can be
disﬁnguished amongst other pseudorandom code sequences transmitted on the same carrier frequency. A
35  plurality of codes can be generated on a plurality of frequencies to produce a so called “wide lane”, which
allows carrier integer cycle ambiguity. to be resolved in a roving position receiver. In the preferred
embodiment Positioning-Unit Device transmitters are pulsed in a Time Division Multiple Access (TDMA)
scheme, such that high power CDMA positioning signals do not jam weaker CDMA positioning signals
transmitted on the same carrier frequcncy. This phenomenon is known as the “near/far problem™ and is also

40 well-known in the art.



which is a sinusoidal radio frequency wave, preferably transmtted in the
2.4GHz | SM band, and the PRN code generator produces the code conponent,
whi ch conprises a uni que code sequence that can be distingui shed anongst
ot her pseudorandom code sequences transmtted on the same carrier
frequency. A 35 plurality of codes can be generated on a plurality of
frequencies to produce a so called "wide |ane", which allows carrier
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the preferred enbodi nent Positioning-Unit Device transmtters are pul sed
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time-of-flight offset.

e) Means to initialize the slave transmitter code generator with an appropriate unique PRN code.
f) Means to generate and pass appropriate network time and network data to the transmitter, which is
30 transmitted as the navigation data component in the slave positioning signal.

Navigation Data is modulated upon the transmitter-generated PRN code, which is subsequently
modulated upon the transmitter-generated RF carrier. Navigation data includes time-of-week
information, Positioning-Unit Device location, and other network data such as location and status of
other Positioning-Unit Devices and GNSS satellites.
35 g Means to apply the calculated time-of-flight offset and initialize the slave transmitter to approximate

network time and frequency.

h) Means to initiate the position receiver to search for the slave positioning signal.

i) Means to acquire the slave positioning signal and apply a control loop to obtain frequency

coherence between the reference and slave positioning signals.



time-of-flight offset. e) Means to initialize the slave transmtter code
generator with an appropriate unique PRN code. f) Means to generate and
pass appropriate network tine and network data to the transmtter, which is
30 transmtted as the navigation data conmponent in the slave positioning
signal. Navigation Data is nodul ated upon the transm tter-generated PRN
code, which is subsequently nodul ated upon the transmtter-generated RF
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and status of other Positioning-Unit Desices and GNSS satellites. 35 Q)
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|) Means to acquirg, Ltuﬁméﬁ\sﬁﬂ,&%gaﬂommg;% 1 sAR krarG e ARR i ordr & Hlufe e | 0OP
to obtain frequené@ coherence between the reference and sl ave positioning
signals. 23 The “f€asures the instantaneous integrated carrier phase
(1CP) differ edce oMeaphie crmmetepeciipmitighelave §pafer BeSlpveiratiiories e marsaion dup
applies a control toapent kA duwamiashatidicdiffe@ack boveen tiopferénfe pojitioning kigal agidaput of
the TLL applies COpkifkmhi @Raval ues to the steered transmtter clock, in
~order to zero §T‘lhe k’[ to glme EE\{' ﬁlngt«%red éanjsn)lttel'\@& Re lte&usﬁe)%;nlcf)lﬂpt;) é&'ﬂﬁe t‘flmre%l%rmct ted

slave tinme fro ‘Sl ave positioni ng navi ga | on nponent and

determine the ti rrebeme‘f“f‘é"r‘é ewe B%st"\‘?&ﬂé’@rf‘gﬁ'\ dr%‘:fsé“f’ pRYECnSB SEED St ﬁ‘(}f “é°| Yial and
‘sl ave posi%i oni ngresiiqgingdignal fschrvielagiceilt e wita thgjefegpes tppsmitedimeed transnitter
.ckock the requi sit Beasmdtslire tide-LeX @mns.he time di fference between the
reference positioning signal and the slave positioning signal, such that
the slave 10 posi tbs‘é’ Jg si gnal is chronologically aligned with the

t

reference transmitle Means to declare Ti ne-Lock status. Common

Oscillator Th é“‘é%ﬁﬂ?i‘ﬁscﬁlétﬁrlpT°P"5°€ BFehBTRHeR FEeass R sumralst of B Bt rpiRedct or al |
conponent slfof In preticiendlietsimg afciligiorlinised tOdsiy§ heposition Beejver, thafRU, end khe preered fpasmitane
oscillator is cuwaet ciharentilotaVinebddCallPp@penil@p frdq@ 6@ itrackitig of tha &ceBidl feferaiadhotifdeing t eer ed

: r ani mtte ][ t %lgﬁlaﬂfsmg A soha rlfeq.lmly QfaMing S| HRNBSE vath FEGe Q&E«Eh-rlzfs}m@c e Incé
r aC I ng O Ce Ve r e er el'Q S, 1 evic 010! rec 1rect) (g: e
lgnali &S o Pt Fpis acwp9§ ,ﬁ.%%%rﬂﬁ'?ﬂ §$ SIP% éi'\%l ﬂged% §8t B

Frequency Trac

‘posi tioning & °§1‘H5H’g “t“é?jﬂ%f’nﬁ redh frpngiiter clgek ﬁlé"aséefdeeﬁmﬁ%}“ef ﬁ'écklﬁﬁ?lytﬁmﬂlﬁ‘i’sn‘b" Uni t
Device poskt:i drauensy effset galue of the ifiqopling]iefersgst poyitiqning gignd, thupPejigiinating e ppgumbindsdilaPevi ce
st eer ed tr ans i b@rmabbiGickRefeldi@/ShteFaip@tly Léch Bebittnt the@¢fer@beBd(slagd ;mnlomngemblsat es

the 20. frequeﬁ@}Mdsquﬂesda;tns,y&xlammeﬁd,l&tm@nsfn,@am,;agmmgsegmnce posi tioning
signal, thus elinmnating the common oscillator termand naintaining

Ref erence/ Sl ave Frequency Lock between the reference and sl ave positioning
signals. . FTS aids in the acquisition and tinme adjustnment of the slave
posi ti oni ng siRFSERIPTION OF THE MOBILE SYSTEM

A roving position receiver preferably comprises a plurality of receive channels that are capable of receiving
and interpreting positioning signals from Positioning-Unit Devices, which are preferably transmitting in the
2.4GHz ISM band. The roving position receiver is also preferably capable of receiving and interpreting
30 positioning signals from GNSS and WAAS satellites transmitting in the L band frequencies. The roviﬁg
position receiver is preferably capable of demodulating navigation data incorporating network data from all
positioning signals in view. This allows determination of Positioning-Unit Device network time, GNSS time,
Positioning-Unit Device locations, satellite locations, and other network and GNSS data. In the preferred
embodiment network time is derived from GNSS time via WAAS satellites, thereby making network time
35  and GNSS time time-coherent. A roving position receiver also preferably incorporates means to make code-
based pseudorange measurements for each positioning signal in view, means to make carrier phase
measurements for each positioning signal in view, and means to solve for position, velocity, and time (PVT)
using single point position determination. Single point position determination can be accomplished by using
a conventional GPS position solution, which is generally a form of least squares regression that is well

40 known in the art.



25 DESCRI PTI ON OF THE MOBI LE SYSTEM A roving position receiver preferably
conprises a plurality of receive channels that are capabl e of receiving
and interpreting positioning signals from Positioning-Unit Devices, which
are preferably transmtting in the 2.4GH |SM band. The roving position
receiver is also preferably capable of receiving and interpreting 30
positioning signals from GNSS and WAAS satellites transmtting in the L
band frequencies. The roving position receiver is preferably capabl e of
denodul ati ng navi gati on data i ncorporating network data from al
positioning signals in view. This all ows24determ nati on of Positioning-Unit
Device network time, GNSS tinme, Positioning-Unit Device |ocations, :
satellite locations, and other network and GNSS data. In the preferred
enbodi ment netmerdking pokiton irGei@dLprifat®y ifchrpdmtdoNEDs toi darmine tteldAABDle atigit. it Bs,

t hereby maki nq:réﬂ-;ﬁ'tm&mreht rﬂ%gééyceeqb ﬁ&%r&amugrng WFRe-GRNGARAL: o Hid HGe

' Bg: quj Io(rjgn I’g Z ¢ I’erle \al_glr 1%‘ IS ?e(s)ri]\BJ ? %remse ca.m% pf)agci(s)e'rx O [ %% 1s%%en:mne% rPrlom .tthe rovm%[{/\lsrt%(r? regelverq%ai e ?TB. ke

carrier phase thoRosionipetieyces B °3€§&Pfe“ﬂ?5§‘?“t ?°8Pfls‘ﬁd" ?Fé“‘hé‘lme‘r?f VP ie means
to sol ve for pasgedtcpapanentymdis @factiopal cagrigrkydlq ameunf Ry¢Tignal cagprayy oshatgdompopat)rand is

posi tion det erwinked ps@idoransel dig) ko@hePBiidbm PRifibnt feddiver dBEkEHiAR] TirBd LLotkad L@iBonkhg-Unit
acconpl i shed bdeVIUé b il C&Qralvﬁ@&rsgmtseﬁé aragwaﬁawae mlrel,s!;lr,tg&monvrhmgbww
generally a 1eas sguares regr.ess mmd% é%ﬁmmdemmmmn 40 known in the
art. 24 The r W”ﬁﬁméégmfronﬂﬁgﬁerﬁer' 3 era‘T i NCor porat es neans to
determnine ithteger cycle anbiguity. In the preferred enbodrnent i nt eger
cycl e ambi gui t4 pdsiSonrr@e 6t tvaeky, dereiyintps.\whddmerpreiyy@sifogind signap e rateOryeactivork gder- cycl e
anbi guity is resel veEeing URE B&icS ikt liie BEmPDBAB®IPECIEIOR 2garidns apeteawd ned
fromthe rovi n&srgwsnéc% p('o%e(s‘s%gmlaes&lg asaveh tl]se\ME) q%h Amg@ﬁlggesuntloh mp@r);ﬂ %6wn in il N€

carrier pseudoran 2 g 6&% | nteger nunber of carrier cycles (the
i nt eger conpoﬂ@ﬁf%’ﬁ? “ﬂ“? FEPT8A4l carrier cycle anount (fractional

conponent At phase conponent), and is terned a pseudorange due to the
unknown posi t i DRillloE@ebe\be fealiedd UBtwhidit A abovEihastbedn gidecddl wBOE it dlomitivegxaaiple bf thiDevi ces
exhibit tine coRRLEBEYHchaR disidifdatidld £ORHAKNR USato, isRBNE BYapRlch: @Hegs sRingiingl e

point positi O“m%Qt'a&thd!: ng!i %Qﬂ\gﬁmﬂltg'gaqgcqpefaﬁ&%JJPﬁls Rk 565 1631 L G PSeudor anges,
wi t hout the need for erential correction. 10 A position receiver

tracks, denodul ates, and interprets positioning signals generated by a
networ k of Time- Locked Positioning-Unit Devices utilizing the sane

nmet hodol ogi es used in conventional GPS receiver design. GPS receiver .
processing and design, as well as Wde-Lane Anbiguity Resolution, are
wel | -known in the art and are not subjects described here. 15 It will of
course be realized that whilst the above has been given by way of an
illustrative exanple of this invention, all such and other nodifications
and variations hereto, as would be apparent to persons skilled in the art,
-ar‘e deenmed to fall within the broad scope and anbit of this invention as is
herein set forth. 25 What is clainmed is:



1. A nethod of chronol ogically synchronizing a unique positioning signal
generated by a positioning unit device at a known |ocation with at |east -
one reference positioning signal gengiﬁ'éed by at |l east one 5 reference
transmtt at a known | ocation, sai t hod conprising the steps of said
posi tioni 5 Apimedisyi ce: a) receiving and interpreting said at |east one
reference positioning signal; b) determning a reference positioning signal
propagatipon d en said at | east one reference transmtter and said
posit i oni h u%i lﬁydpta \E/{\)?%%O"‘)bﬁlca“é%rc’lgﬁlﬂbg 2R15% RosiHenipe sigah generatethbycp Resitioning-

posi ti onl"ﬁg devicgribp kﬂO“mdoqéyonr\ex&eat \i¢astopne meferénnd positiorial sik@ialSdhethtdd By Gt ®ast one

POSi t iSonirefferib GAdthiiter @) a KANAPIBSaLi .&C{]&F et ed | east one
ref erence positionin nal aﬂgsagg{légwargg@gy asaﬁscf)fgalcf 09[1 l‘?&eﬁl “Gue

posi tioning si i) féfeWF%a&Ae @t“agSE"F&H%"I%%%WGW“‘GPPSF‘@PWM and f) cont i nuousl y
adj usting sai @ &emeiniag 2 efercactotiticAing HmEprofAeibn ®RY Botweh Bttt RAS: k@Rl R

signal accordi Ngantfiter Imt shiki pio S{P Slqt%‘ad transm ssion difference; and ii)
sai d reference_positjonlng g na propagatl on del ay, such that said unique

posi tioning si bn&ﬂe@t@geﬁrﬂawmwa@anwowmrsm zed to said reference
posi ttPoni ng sidyn@deivingand ﬂe@ﬁtukgczﬁidumq&%@ditﬂahiﬂgdéﬂ claim1, wherein said at

| east one refege m t.ter genera Otransrri_t_s a plurality of
frequency- di vgfr s%ﬁl ar{n? t% ??) rrl?c?llve% ad ﬁ’g'frgre?iﬁ't la@&ﬁ‘feHFfFre‘icF PRSIfRing iiepad ek saidhind

wherein said neewyed ifndMmtedammmnosxe@utghemstoelprmcnftramwﬂlopdi&trédcalahcng uni t
devi ce: a) geﬁl)ero%ﬁﬁnﬂ@m@rhdjuﬁtrnér%&mgkﬁeliﬂ&x QndplraHExﬂ sloB% {1{1 fuﬁﬁ&ugo f?énug' Ssmr €
positioning signals. B ). receiving said plurality o reguen \Fet %“é
positioning si gnafor 15'6m said at | east one reference transmitter of from
ot heldS posi ti oni ngduni seiddetuied eansinidsibrudiffarepcd; agiel f or from both; 25 c)
|ndependently chr gnol each frequency- di verse
positionin nai;ib frsg%lr&ési% élmhq@a%ahﬁoﬁaqatm?Q"ance transmtter or said
ot her poélfcﬁ (F:lfll B Pestiaeing Yal ipthrapelogicallpsyachrniasse srid roferciice eapiioniogysightlv er se
posi tioni ng si gnal from said positioning-unit device; such that said tine

i ncoherepce | aII requenc di verse positiaoning signals. 30
3. A_pet hod a%c%rﬂ e ?J(;Dc A 1 w\/\ﬂ%’?éi"ﬂ gﬁi’sﬂ°%Fdie{?”§i"§cP"‘ﬂ§W“EﬁJ§°‘58§FtaP%nl ng

Si gnﬁ (f'ymmml%w &isquancydiversg posieningGignals haiexhgpitsingixabhefefice, i Mérein said
posi t i onmedjed rter GyFise e stdhs ofAaillBésHBRnAGHAEHINY tO claim 1, wherein said

deduced trans SsLon differ ence Mncl udes  conparison of i nt egrated
carrier phase ASTITE A ffiegindPrraesiieigsamn s of said at

| east I one . 35b) wfeivingrsaid ppo&tytof ﬁequﬂ@y-éllvgﬁbqio51$dﬂﬂg Sigrlafl ﬁ'dﬁhl sam at l@éﬁtsdcxi{(e ke@éﬂéna%_
signal to deter Y t hod according
@Q.nglﬁtta' o?@Jn; btgr{J gcgs dl%ﬁﬂi'imﬁt dc\%e]; mel 155(3& Oé ﬁg{g br@)

to claim1, erein sad nsm ssi on i ncl udes
conpéari son of “d& ?e@%%dh@ﬂ‘ﬂ%ﬁ‘@’ﬂyoﬁp@a@@%tea@e@@ltlen@ﬁd;versefpesnmmg sizgodl i flomoNi NQ

S Iog g g.l and sai dsaidnatcfet .of@Osfetehd@NdanGniftdr B Fhid tohed S&sﬁi()mé\ﬁutade@l'c&eor diofuf Grence.
4

respective frequency-diverse positioning signal from said positioning-unit device;

such that said time incoherence is common amongst all frequency-diverse positioning signals.

30 3. A method according to claim 1, wherein said adjusted unique positioning signal (f) functions as a

reference positioning signal for other positioning-unit devices.

4, ~ A method according to claim 1, wherein said deduced transmission difference .(e) includes
comparison of integrated carrier phase measurements determined from carrier components of said at least one

35  reference positioning signal and said unique positioning signal to determine a carrier frequency difference.

S. A method according to claim 1, wherein said deduced transmission difference (e) includes
comparison of data components from said at least one reference positioning sxgnal and said unique

positioning signal to determine a time difference.
40



6. A nethod according to claim1, wherein said deduced transm ssion
difference (e) includes conparison of pseudorange neasurenents determ ned
from pseudorandom code conponents of said at |east one reference

posi tioning signal and said uni que pogftioning signal to determne a
pseudor arglom cOGRthoR H8FIH:2R9 i1 {,f PHRRACSid Beddced %@EJ@&? dgfél%ﬁ)c'é g clalim
1, wherein sai dé)ﬁiedu&ed transm ssion difference (e) 1 ncludes co)[rparl ng

i nst ant arf@BPRESWA! PCRIoapsrJRsasuimvats Aesrmined frompseidamndon cpdesamponsnisiograidspleptnent s
of said anerdagike pasgioning figiab meesapiosiidut @ovitidging bigiafto AMEMiIBAL Pseliddtaddbr code

posi ti oniﬂg&deahergr%&det erm ne an instantaneous carrier phase difference.
10 8. A method~according to claim1, wherein said at | east one reference
transfitter includes positioning- unit devices, Wde Area Augnentation
System sat elliA Q&&o@a@&bﬁiﬁngl\ﬁvélﬂﬁt i,%egﬂ{[ ahd Hédﬁcem&s%ﬁgsﬁﬁtdﬂexleh& &9 includes
Pseudol i tchgparig%mg%ymgotuhcemrr.edq‘w ces that %nco.r ar ate timng information. 15
9. A nethod actording to el arm A {Here e raaddromerarenmrenssef #idghraigengi gnal
pr opagat irefereate pepitionisg sighat asd vidh aniqusypositioning migsal frdeteinyige dntisstap@eibdsicafierhass ai d

at | east direnéeference transmtter contained in said at | east one

r ef erlgnce positioning signal; b) conparing said interpreted position to
sai.d known | ocation of said positioning-unit device to 20 calculate a
geonetri & di stamekodnedowibgio elaiind, weidi aldaeledst @B tférdntStfanddifbr HAudds positioning-
PoSi ti ONiyRe qbvd i ex I n i l.cul at e onetric djstance
Fo e si gnay kel WHEAE Ruafibo bR it BB ©iB0 bR e PFR R Suflfn

pr opagat it SHaeliss 2y any otherflarices thatipcoprgrate simipedaformationed si gnal time-of - fli ght.
25 10. A positioning-unit device for chronologically synchronizing a uni que
posi tikonigng Si,g ener.at ed , .by sai d. pasitioning-unit device at a_known

| oc atllson i t hAaggt}l%‘g%C oro“r'f"eg’r W r‘f’?‘%’e'ﬁdgﬁ tr‘ff‘?fﬂ’ic?‘lB‘%g?ﬁ‘%f‘g‘ﬁbﬁéﬁaé"t“@ﬂdel%y“ at

| east ondetp@ingdbyice transnmitter at a known | ocation, said positioning-unit
device conpri &) NierphekingB&PSSitfoR bf 2RGEIeHt 8 rdithol %ﬁg&&%&dt&ﬂd b afibas! 325
one reference positioning signal; 30 b) means for determning a rererence
posi tioning si gn%?kereﬂ?ed’ﬁ%\‘g“&t“ig ®¥el ay between said at |east one reference
transmtter amll ewiperingosil intopreted pasitiod totkaidika@in 16Jaticiea3sid positiogifn@itakviitGoand
tranggitting a ugy j L. ing i - ns f.or recei ving.and.
interpreting sai ?ﬂ%ﬁqﬁ?@%@?? I on ﬁﬂémsg?r!gﬁgjl g}ereeggfr%‘gsnngg ér (S:a(')dn%()é't“glﬁﬁ'"ggi d
recei ved and i nt%‘?"b‘F;et ed at | east one reference positioning signal and 35
~ sai d recei ved canebnieiting 4 @lcRBed BlogiEic Bitict ioQRightYtind-SMiint 0 deduce a
transm S 3k I&xagéafdfrgér%pc% g)bsit%rtll%g ]sifg%aé%gag%ioa aéayglgg%uiv?lgrﬁﬁié d c%xg\ge#e%ts{gtrx]a tix?\?llotq

generat i (t)linghsnd transm ssi on
25 '
10. A positioning-unit device for chronologically synchronizing a unique positioning signal generated
by said positioning-unit device at a known location with at least one reference positioning signal generated
by at least one reference transmitter at a known location, said positioning-unit device comprising:
a) means for receiving and interpreting said at least one reference positioning signal;
30 _ b) means for determining a reference positioning signal propagation delay between said at least
one reference transmitter and said positioning-unit device;
¢) means for generating and transmitting a unique positioning signal;
d) means for receiving and interpreting said unique positioning signal;
e) means for comparing said received and interpreted at least one reference positioning signal and
35 said received and interpreted unique positioning signal to deduce a transmission difference; and

f) means for continuously adjusting said generation and transmission of said unique positioning
signal according to:
1) said deduced transmission difference; and
i)  said reference positioning signal propagation delay,

40  such that said unique positioning signal is chronologically synchronized to said reference positioning signal.



signal according to: i) said deduced transm ssion difference; and ii) said
reference positioning signal propagation delay, 40 such that said unique
positioning signal is chronologically synchronized to said reference
positioning signal. 27 11. A positi oFan-uni t device according to claim
10, wherein said at | east one reference transmtter further conprises '
nmeans for jgenersgatd -and: .4 -plurality .of freguency-diverse
posi 1 oni i oy el UE AR o d ) ool 1 By i o G e
posi ti oni %‘S'Ehffrﬁg'f’p"ﬁ‘é\}?% foripenerriing 20 ¥prsmisting: a Murellty ofiatvench-divergpameitiattisigrsgnain d
transni t t itrgexbibiptitie-atohérshod bnd WHSGIARHIE YostioMiRg-Bft dRRS infrhQRbRRiss! gnal s; b) neans
for regeiving §)’:’li thell r elngr;ti% ofd fre uenc‘}i-qi verse positioning signals from
said at |east —one referonces i aRaHYRE]PIygpio of frquatcrdiversspasitoniss sigplsuni t
devi ces i ncl udiPhgmicans &ir fecejying sagirplisainhoef fequarsadierst positioninkegigald @dinl syid at least
chronol ogi cal |y symGéenet #infthitd 3 Ronk Stﬁéﬂﬂg‘sﬂﬁ){ﬁgﬁn\{t%gﬁcgs B&lﬁcfmt LY D Fom Bhdinal
fromsaid at |east ong r.ecIeer nﬁe transm tter or said ot er posi troning-unit
devi ces or bot orgn 8‘?%@ % PRienofogisa]lyeppaopizips: pask: fistisncydiyerss posisionngl
fromsai d positi osigmbfamsaid atleasi ane refepencdrdnkifiter Sedaid ofhbrPBsitionR GG RVE& of Soth
commonoanmongst al fo Jf LHRHAR BeY ety |-t oni si.gnal.s. 12. A
posi ti oni ng-uni t g‘evﬁce a?%%“r" %?&%ﬁpogﬁgéérﬁsﬁfl% & |°ﬂ1‘°§‘5‘igar‘“é$‘i"tf§’t ed uni que
‘posi tioning si Jifafbatssig timg-ineekerpnse s common amepgst dlfequensydiverseoitigingisigmasl.  f or |
ot her positioning-unit devices. 15 13. A positioning-unit device according
to claim 34, kN Sai: duced transmnm.ssjon djifference (e).. includes
conpar i so%iof Wlﬁﬁ%gﬁdralg? gfgpc}ggl??z}cgorr&jm t(ég%mrr?ela‘g Fredn el edus gf“éﬂ%&fﬁ%@“fnﬁ gt rier
conponent &ngfionsas a gplegance pogitioping sigal fordteer prsdionippwiittdidnei.ng si gnal and sai d
uni qués positioning signal to determne a carrier frequency difference. 20
14. A posifi oniAn gitlilonit deyi ce according to claim 11, wherein said deduced
transm ssion difterenesd %&)v'ce IRetipgRslay b avre seid dedprad wrnsmissicardiffranced ebm
" said at | Bglydes enmpanised efiimeprtedpasérphaainaguenginalteritdd et chrritNbdipBnen®d 06dkaidizONi NY
si.gnal t OleaRtoR RfeRGcetholili ' . A positioni ng-unit device
accor di ng ?o claim 1%,0“\;&@? S%EIF\JI g%f%ﬁﬁggﬁgg%ﬁo?%g%dstg F%W“El Y ENTE TS
i ncl udes & f5%Fi son of pseudorange measurenments determ ned from
pseudd® andom code conponents of said at |east one reference positioning

si gnal angy uni . Lt i-0ni i gna 0 term ne seudor andom_code
pseudor ange di g;bgsr“gﬁ@g.{‘h‘g%"’?‘g?"%ﬁ“p%ls"i°§*‘.‘%g|ﬁﬁ” ergigisgd 8“@'@‘1°§8m’§ei§%9*b4*ﬁﬁenewb| ai m
11, wher efPfudes pomparisar efeddta compeasntsfromoniddt kist prenefeente)ositioning!siglel and amnaighe On

of i nst anpaiiedkssigaLd demiR AR dMRASW ement s determined from carrier
components of said at |east one reference positioning signal and said

uni que positioning signal to determ ne an instantaneous carrier phase
di f f efenct: 35Apgsitioainpoui devionicradingiotclathe Vi, otheraia 6ad AldREd ir@sikidn itfeloncd\@ET €1 N

sai d at | masdes QRfParksb Gp&DSTankd AASTAntchS Hetermined from pseudorandom code components of said

at least one reference positioning signal and unique positioning signal to determine a pseudorandom code
pseudorange difference.

30 16 A positioning-unit device according to claim 11, wherein said deduced transmission difference (e)
includes comparison of instantaneous carrier phase measurements determined from carrier components of

said at least one reference positioning signal and said unique positioning signal to determine an instantaneous
carrier phase difference.

35 17. A positioning-unit device according to claim 11, wherein said at least one reference transmitter
includes positioning-unit devices, Wide Area Augmentation System satellites, Global Navigation Satellite
System satellites, Pseudolites, or any other devices that incorporate timing information.

18. A positioning-unit device according to claim 11, wherein said reference positioning signal

40 propagation delay (b) is determined by:



i ncludes positioning-unit devices, Wde Area Augnentation System
satellites, dobal Navigation Satellite Systemsatellites, Pseudolites, or
any ot her devices that incorporate 'E)ié;n ng information. 18. A
positioning-unit device according t | aim 11, wherein said reference

posi ti oni ng sPgmerns farintespretig gmippsition dedailyat leds) one sefukatetraiintis cdapine®iB sai@dt Means
for interpreti ngeagttageﬂgfgg,geipggﬂio%gg Ld at least one reference transmtter
contained in said at. | east one reference positioning signal; b) means for

conparing sai 8 PSPy ameang sl iptprgrsted gosition & saiddmey lerarien ob sridposigieriing-unit

posi ti oni ng- uni tevigtewi cacula@ & ettt Gistancg CRERES isfid HbfErbme GRndttass sl d
refesence transiidit g, afas@l g © Positioning-unit device; and c) nmeans for
converting said cal chat e(f geonetric distance to a signal tine-of-flight;
such that sai 9 r“@f“@_rf‘é'r‘f&'é'“ﬁ%ﬁaldicﬂ?\liaﬁg_gyﬂghhldismoemgiémﬂﬁmcd%ﬂliay; is equival ent
to sai d swhrhaesddadfern@palitidningBifl profabdtBh Helayli® eqhPraledt t5BI1OE R signal time-og
chronol ggyycal 'y synchroni zing a uni que positioning signal generated by a
positioning- unit device at a known location with at |east one reference
positioning signal generated by at | east one reference transmtter |ocated
at aokndhn gaoweiod bf:chdinabgmsasﬁewm&@ia%i&%sdo&ii&ﬂig@%ﬁﬂ Bl tem{é&‘éi S&uitigdld
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uni que mﬁiﬂms&gsof%éi‘g&ﬁhioﬁﬁg_@itidgﬁc%d with a frequency steerable clock; c)
recei vi ng anq interpreting said unique positioning signal; d) nmeasuring a
frequency di‘ffé?célﬁ‘ega'ﬂé‘lt%"éﬁ‘gs‘%%ﬂﬂlqaée@q'r‘aferdﬂcaPOSItieaisgsimala reference

posilsi oni ng. bsigeemling @) teandnitiag chid Qb \WEGiodRE Gidhal PRRdl Q8 ' . {c); 20
e) adjusting tiggn fs“:‘aﬂ@@&‘&}{h o‘tFe geaicd frﬁ\g]ﬁ%lpyk sftégaer abl e c?o@%“%?&gﬁﬁ'%ount
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coherent " wi e theu{uﬁr?e ugggﬁ%rfmcgé’?taeeﬁtsa‘?é%fg‘?"do’ﬁ TeResr ROSIHONNG Sfepal{Rrend said . 35

received unique positioning signal (c);

h) offsetting the frequency of said frequency steerable clock for a period of time derived from said
time difference measured in step (g) and said probagation delay determined in step (f) and
consequently adjusting said unique positioning signal;

such that said unique positioning signal is frequency coherent with the frequency of said reference

30 positioning signal and chronologically coherent with the timebase of said at least one reference transmitter.

35



29 20.. A nethod according to claim 19, wherein said at |east one
reference transmtter generates and transmts a plurality of
frequency-di verse positioning signalggthat exhibit tine-incoherence, and
wherein said nmethod further conprises the steps of said positioning-unit
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pseudor ange measur enen 't‘g getefrm ned from pseudorandom code conponents of

sai d uni que positioning Si gnal and pseudorandom code conponents of said at

| east onm. r e& &Eﬁ“&c& | fol Rt 1Y) whbBiA dhid 1'stQp %%%Q%l@tuﬁ@&iﬁ'ﬂ%@ @m&ge
dlfference . od according to claim19, wherein said step of
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i nst ant afreoaid aleastronercfephagesitivbing slgxehteﬁétsmﬂaehﬁmermffadncf:r omcarrier -

compgnents of said unique positioning signal and carrier conponents of said
at | east_one reference positioning signal to determ ne a carrier phase
di fferende. 3dmoBod accqdinaigcrlaip £ PTG stid siep of measming wid e differance (@) furtherast
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positioning signal to determine a carrier phase difference.

30
- 25. A method according to claim 19, wherein said at least one reference transmitter includes
positioning-unit devices, Wide Area Augmentation System satellites, Global Navigation Satellite System
satellites, Pseudolites, or any other devices that incorporate timing information. .

35 26. . A positioning-unit device for chronologically synchronizing a unique positioning signal generated

by said positioning-unit device at a known location with at least one reference positioning signal generated
by at least one reference transmitter located at a known geometric distance from said positioning-unit device,
said unique positioning unit device comprising:

a) means for receiving and interpreting said at least one reference positioning signal;



sai d unique positioning unit device conprising: a) nmeans for receiving and
interpreting said at | east one reference positioning signal; 30 b) neans
for generating and transmtting sai dmi gue positioning signal, wherein
“said unique positioning signal is aligned with a frequency steerabl e clock;
c) nmeans for b Vi D j I Nng.sai. ni. pRosi.ti.oni ng..signal; d)
nmeans for megfs ﬁ%g{oggﬁn?’ggge%gqp“_g{"ﬁ‘%@%ﬁdﬁ%m@%kjj &%tg)ﬁﬁé S8y ‘él%?éefnv%'g 4aHY% east
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30 28.. A positioning-unit device according to claim 26, wherein said means for measuring a frequency
difference (d) further comprises means for comparing integrated carrier phase measurements determined
from carrier components of said unique positioning signal and carrier components of said at least one

reference positioning signal to determine a carrier frequency difference.

35 29. A positioning-unit device according to claim 26, wherein said means for measuring said time
difference (g) further comprises means for comparing data components from said unique positioning signal

and data components from said at least one reference positioning signal to determine a time difference.

30. A positioning-unit device according to claim26, wherein said means for measuring said time

40  difference (g) further comprises means for comparing pseudorange measurements determined from



difference (g) further conprises nmeans for conparing data conponents from
sai d unique positioning signal and data conponents fromsaid at |east one
ref erence positioning signal to det eglm ne a tine difference. 30. A
positioning-unit device according to claim26, wherein said neans for
measuk ik Sadodcdid ' . further. conprises nmeans faor
corrpa?ai_ng{ pseudor gﬁ“&@éﬁ%gé%ﬁﬁ%ﬂ%?“&%% ﬁ%“ﬁg%i’dfpﬁ%‘ﬁqp om S FABP AR code

c onpo ikt deag pregefprence pasiforingsigsplite detarmige atodnrstuderpre giffersnesr andom code
components of said at |east one reference positioning signal to determ ne
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System se_ltellites, Pseudolites, or any other devices that incorporate timing information.



