10

15

20

25

30

35

40

|  LOCATI NG A ROVI NG PCSI TI ON RECEI VER W THI N A

LOCATI ON NETWORK 5 FI ELD OF THE | NVENTI ON The present
invention relates generally to systenms and met hods for
generating precise position determnations for a
nmobi | e apparatus. In partlcular the present invention
applies to precise tine-of- érr|val posi tion

det eOGATING ASROVENE. POSHTONRECEIVER SVITHEIN A (FOATION
constrai ned by prior artmégﬂH%; nts such as 10

physi cal connecti ons bet mtter beacons, such
as the need for atomc tine standards connected to
each transmitter, or the need for differentia

c gues. BACKGROUND OF THE | NVENTI ON 15
ﬁEb&SﬁhﬁﬂNE§%Q$§tood in the art that precise
time-of-arrival position determ nation is dependant

U Npréskl® invaritiGr fredias Q:flerlli? etol Jyﬂ&\rﬁ ”:lnﬁ t fdinod @ kg%ne'rhﬁﬁgd preélsré position
| §eRrof R8s %yﬂhﬁﬁ%g | n é)a icula"hE G grcsant %Q%%nta%%ﬁs ® Br%gse time-of-arrival

posi t1 one( ons connec

RSB et migetien ptemsy F?Fe’éesqﬂa@mfroe #|noY capsRined Bapiopat igguirpments such as

spifsicplcennertiont brewebratgangnittel Baacods, fucha 110 feed For kvl time standards connected to
PQ&IrhdsRRE W thS %St f@r@ffeﬂ%&éﬁ&h&n@cﬁm{lg di mentary

posi tioning systemis highly inpractical to

manuf acture and install due to the requirenent for

FHAEFOREVYD OF FEHINYERTIE di stri buting hi gh frequency 20

timng signals over potentlally Iarge di st ances

qg;s \0@1@ Gndgﬁtﬁ)ﬁ Qrpﬁ?] arﬁlhgt rergéé i oerhv %1 férmma ion _is ﬁ%cndaql? upon the

st andar S V ery
j2R2TASY| f e itarclqghsrped T it ‘t"ts'éPd“b"é‘&’@&W“ alﬁ%f Wmﬁt@rdae@@s positioned at
Ukadwmgocationsragf cenneqtadiao # @o@ion ddck Pio et idenfieledih @blds WAV ffice as the basis

|f&§§ﬁnb—@ﬁnﬁﬂ%os§8ﬂﬁhe§}§t§1g HoRev ﬂrlﬁtlcﬁlﬁe%a& ostitiogfr%) Stéra is highly impractical
rmetsngnug glg§| [ Orgl n S|e[g als rec | (\i/e &

transm ? s 3B ¥ PECie]Y die gﬁgsgﬁﬂﬁmW%Qﬁ% equency
tHiFdng rsigpay @’Prc@tentlaélc éqrm efistapjes betpreRBeackns. aAHemngtively, cpregigio atomic time
bﬁﬁﬁrﬂsﬂ whidhGiive SHDIS R Sikeiates, l'n@i He BONHITR & SdcPiandnQited §e%c§on and monitored using a
xol C%‘I %@%&5 §!¥le§e W {Gf(])%}'l ?otcaetllcot ﬁ an%éc ona{ a &ﬁmg glgﬁe ol ognr{asponse to
PEFGICERELTAPR e Ol e RSP bW { G ERFe4ins rcAniEP the reforence
satier Vip breRF duat ik tdeactCRScofy faliidegu@nfctMimiSRg PERbr equipment. Modem

Géﬁﬂftd ﬁbk&f?clniné/ teEmcgl&gtleQ Eﬁcﬂ gs G?SJ. J,mpg?ﬁns% Julf: Iv&h@r%lrl I%%lﬁixm and ru)l;ldlum time

tlons 0 each sat el

%ﬂ?ﬂdﬁ'{ls are %l'leg ﬁloeacih l‘e w&lbtp? (é%gt(?r%g Cong?léegnﬁétﬁontmually monitoring
F‘]é"éffséﬁdkj%imd upizking abtk cyrzeci@ing th taeH sstellita wieny atehiy founiesis.aIYe dofrections

62> Thedl Fe610adEG WiaDAB Wate iR Q rﬁ*@ﬁonﬂ&@sﬁée't@ Bb & Gser @q#;ﬂﬂgn't L) BB positioning

E}'ﬂ? ttl!]me th oé%H%}e %qgl?)%ur\/\?a{n accglfnt %}é éaéeﬁltef cg%:% erEg_r,SWéloat least four GPS
?&P‘@F 1 ‘t“‘é’s ; F“FPWW@WO“% pesfion &-agtomplishs{l GRS ysoritipnent ysise a standard
adoigrpinb@hfc dofiveftidiml 6@ baseD)GPPPHEIAN JfiidAd THs Shndd dkiGhique is also

L&agh &M«J@[ﬂ.gmuﬁlgosﬂ S RPUGR L d@ﬁgm gpde-based GPS

posi tion solutlon Pl s” stan technlque is al so
generally ternmed "a S|ngle poi nt position" by those
Enventiog Cade-bdsed GRStposidin salaih '(singlabonfﬁpdnmbas ed GPS

PQGvEdtieHal cs&lbhhgd @l‘S (115 KaRlaeC 1oRRhdd Lan P PGk 'opsfﬂ} o?lrﬁ clod, to the earth can be
RINE b R hon GRS 08 o oy By s SRS s viow.
@%ﬁ rerﬁqvgtné}as @Ifg@,pﬂnpw@;mml@s‘géga{lq correlatignpb intedilytebrerated pseudorandom code
@EE] sbquenads Wi ﬁdeﬂ&ﬂkéﬁdcfrd’nﬂm @be sbq@ensds frbrDehbh GH8SaaIAE Ahd thda@®Sed ranges

u?

' Aré’}et\étlreqw as udﬁ?es a?tﬁ&é g £lim ?eﬁce o’iag}ﬁfq b%twgg?l%eacfelfkg ans the satellites and

% ed on he correlation o
% (ﬁlr’fi %ﬂ@r It(np'msa]g m%ghwcplﬁer 3 éle@q lwﬁchromzed with the

pseudorandon1code sequences from each GPS satellite.

"The neasured ranges are referred to as pseudoranges

as there is atine 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 2




10

15

20

25

30

35

‘ enwl;gJut es an assuned pseudorange

40

satellite constellation's clock in order to accurately
neasure the el apsed tine between a satellite's

" pseudor andom code sequence transm ssion and reception

of that pseudorandom code sequence by a GPS receiver.

A navi gation nmessage is also transmtted from each
satellite, which includes tinme information, satellite

o sdtalliten Fonstelibtpn satobkoiv, ordendo s@tretl) intedure |M@CHape0 rtin@ Clletw@dh a satellite’s

t gfeﬁfﬁmdgﬂ rcocfe Qé‘qﬁeﬁceq}aﬁgﬁﬁﬁen%@ l’ecegg}ﬁloF & rf)'seﬂ(g)ra@doﬁ:>c§de":_’sequ]ence by a GPS

ecei ver ui res four lite s| gna s to solve for

Ig]eceni;er navxoakon m sé'lg 1]s E) léainstn}ltgﬂ fr()l;z cacg} ate}l)te ghlah infl'ﬁiés ?nee) information,
Féﬁw"“etC\Wldli’fPFE‘PFS’P,GWhﬁate'(@-CDyk qowsstiani tewnd. g threptdiniehsipg@ ppsitioning a GPS
f kex@er reqind fduhsaeBiteSighaRlid dolve fo5 thg A Filad¥:R of Rt (R, £)@ud time (1). For
sgjovdﬁnenﬁaalg\ e SRS %a%gggémgsgge{%gﬁe%dselw.for three
s YR PO Prsdion £ 38d Pgnd fpeP; 4 gonsentigo cpdsbaspd, @S, pogijiantfolgion is able to
| prade afCﬁ’Q recgeet, eith pttlesg funsatelienin viekethCaphiity ltd deyerniige an absolute three-
dﬂiﬁl&ﬁﬁhﬂ@-[)%sﬁ&&% Hﬁa@cultaé}rogﬁa roﬁﬁlﬂ@)nl%ltcpﬁmeteté 3-D)
position wth an accuracy of approximately 10 to 20
neters. 10 This Conventional Code-based GPS position
sHisuEmEAtiond Code-bated GRS mesiion saition Is om autgoineuly seletin, which can determine
dibigdnTidveity, p@Stintel @VIT) Wibud Gifferyntialogdglction NRta (M Tferticé Reddiers. It has
O R 2Bble Rl owlt o Qrfgie b&ht ;%@1{15}1 sglﬁtglnnﬁhg rence receivers.
It has therefore beconme known as a "single point"
position solution in the art. 15 Conventi onal
Covteentingldhafed Bitteren{iad GPOPGat{ve phitibninge posi ti oni ng)

Wftﬂ%ﬁ%ﬁlﬁﬁﬁ)&ﬁ&kd@ﬁ&u@ﬁ%k@h@ Gt @Jﬂtﬁlatgoh r@dﬂ@ﬁ;@paﬁlb 8¢ fAvRing a GPS
r.ovid

at
rrg{:élzérv eﬂll Vii}) Dlute three %%neﬁlsfona? Eosi lﬁn aécélragp W@F%‘ﬁt y ?tst g?s P?t%?’] This is due
ol B PORERfom Pﬁﬁﬁ?‘%ﬁ)ﬂgﬁ%ﬁt feopmysix p@yor eyropQurprsst(Briaposplieri¢ delay.2)duggospheric
tdolay, kB3 ehaictitl priok, 1) s@dllitPOGk rrdd,(5)TPS Sdc@hethcise bRAD®) Hb¥path. Tonospheric
rHéia)plg thg{awi}l% timOdfa Sﬁﬁerlel%;rgby e@ﬁr&ﬁ%ﬂ%g \!VERresq‘f%e (s § %l)ough bands of ionized

tropospheric
spé‘i‘@?s “F*Peé‘”l?fpbf'& Tré?"FHBF“C df‘@)ls tpgie F@eéweﬁmeﬁ By sgtrouepeticrvgyes when
rpassing fhetdh, moiseweois (e doviec at@Gplatee] Bphericsis brive iswier dififansgjcet HetW@en the actual

(iﬁlalﬂb' lo&m%ﬁd ﬁ%ﬁ%ﬂ%ﬁédl@éd&ﬁgit@lmﬁtda& R‘é@%%ofﬂh@ﬁe norse generated by

L) e R 0 L o
es(b‘eﬁ |P@ﬁ@e3dt°b%/G’e‘1 eeivero Megrricrilycof Wsseesgrondawres apycepatiplivgrormelated over
tr&‘lahmugdﬁorﬂdhteﬁitdsl (i@. thr of H¥GmdtaPINEThis e sHD TRNIRS @ﬂ‘erﬁpbm&iv&s within this

%Foﬁigifty {o ong %mgﬂ ‘Lﬁ %ﬂsgrpec Ee ?a?nte"é'ﬁ(? p Il:t 119 gﬁergﬁ:)re spo%mbie c? t S}rove 1ihe spatially

'ocatlon a position pre
TP TS uREQ P SHE B f?i@@f@tﬂi*?éc?fe?tee geqfréqnetreewaylmd at
2 vell-knqwelpgatidn cahpeed ah @e9ent:8 p@idoangERBearioaellite €ifnal iMtetts, pa@teRimeasures
|th% re'i:é?»%d &Eﬂ&ﬁl esq'l%ln%é G@@Hﬂ%ﬁlﬁs sdb@&@l‘.he nggn é gﬂ@ljanges from the received

ectl ? “;fefeﬁc ose proximt recej ver.

?ﬁ“ oranges téaé gng&p f't“’% 8’& Faﬁlb%te%ﬁ" b ‘g‘iﬁ"aﬁedfff“?‘ce receiver then
easr 'é?satcmﬂmﬁe@ digital| dgta ty @lleyGRShieetverdis trn RE algta (link. €The tGPA geceiver

@fbselﬁleht@fiﬂﬁs @es)corredtidhsSto E@@i&ﬁdoﬁaﬁgﬂ it hﬂﬁu@'(foif 6 ﬁﬁl& satalities i 1n view to the
;e gegée\f&&i?‘e Weﬁntg caﬁcu a&n i rposamf follutlon l\é Jrsoco an on tg chh regbfce retcewer and the

serve e same er ererore possi
PF&)PEWE Wm%‘ﬁ%hf P&P‘Iesl/by thig progepiuse: Hprorsiated errey sepreesich asimylgivath and
gecdiveoioind repodn ik o pwendasngssbhd shigeqaantly @EradepésiioCictuday. Poskion accuracies in
fh@t)ﬁ&%@ Geverh] Sfefels\afe! aclmvﬁﬁeeglﬂlaéode- e?@!ﬂlerellﬁgl% cJon:iq, 19 v multipath

or each sate te

gvgna %t detects. It then measures 30 the recelved
pseudoranges fromthe GPS satellites and subtracts the
assunmed pseudoranges fromthe recei ved pseudoranges,
formng 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 RP 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 rece| ver and t he 35
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envi ronnents. 40 3 Conventional Carrier-based

Differential GPS (relative positioning) Conventional
carrier-based differential GPS (CDGPS) cal cul ates the

di fference between the reference |ocation and the

user |ocation using the diffegences between the

carrier phases of the satellites neasured at the

r €berghed Cheiechard Diferdtidl GBS pidfive gosiG@inger . A CDGPS

r @Bﬁﬁxﬁﬁﬁﬁ cﬁ&ﬁﬁl&e\ﬂ%fferehtﬁfs Eiﬁ‘.l; k(ﬁﬂ}}@)t cafbullf&! the i&ﬁgrm% between the reference

| t t
T e B

b 16 EedFecacsraseien o e pser rpshizes o QRAIP referentchecivis emstalied @@ wikknown location,
Viccutas ekt chriidd lphase [@subimbs fﬁleéileshtlﬂﬁtﬁs 1ﬂ|v§9 dnd Eﬁ“ﬂr@aﬁ@% carrier

S bﬁ!&é‘ d;dé '&?&1&’ %e%g wa%ﬁ% lda m‘? e user %:cewer aéso ?lcullalzes simu tf'megus phase

VI ew, and subse Uen er ence
A BEETTRCRR 1 AR oS in Yf%*h gt s, PP AR to deermine the
r pesigercdf the gsett thogiver @fterpne® e @de@dnteaéceiled RadtibrO IThe chifi€r phase measurements

Cath hﬁﬁzngﬂﬂl%&uﬁﬁ&% TS pher ﬁ'@;[xﬁcyashiﬁ’tlfyﬁgynm EoyVAn T ﬁgcﬂéﬁ@it:s from the

aﬁf ?{] E E E er fre uenc S resent on

sate] sf ac Lpl:gg'fgl 1& g mfmrgd: cﬁ'@’t oglé{learqviofsggoch Eg.é]ﬁ advance in
eﬁ’é% H““"‘ﬁ e Ef eSF*l!i Prrathhly aveijable Gore emateivert Mere spedifisellyf thegrivaboh @ carrier phase
pdueing 20 docleid Bddimifdd b infeftRing By &RREDIpHer oﬁﬂﬁ@@r tkbliker0or 3 @poch, hence

%%ﬁgﬁteggmle;@a@g@ yl able fromthe receiver. Mre
speC|f|ca y, the advance in carrier phase during an

epoch is determined by integrating the carrier Doppler
oftE gest reqsiverrcart n@surertiedastiadal ghbse pheaneipaely, nulen afvholb Bi@le @ mR carrier,

| lﬁlf ﬁ%ﬁﬁr@&i}' Gedihihthe egﬁﬁﬁ%beﬂ- L%Iﬁ c;JcEs e pHﬁcﬁﬁmé’e Sfnfs 'nv)[n%rer, known as

Rj ra ti.ona a Itrary
'Er?eg%%crc V\ﬁgl ugty CyC det%linmfidﬁué %eéP)ﬁn&ﬁ'ra%tlﬁ%ftmé&gﬁ{gtrcsolvmg carrier
oﬂh?sé Hfepsy apfliguitienialh @torthiee heoed elessesi el methpds,yffitering sk, @ed gepmetrical
trieghofss EhskOrafigRl mithids di Beh@Nd inkRWIuABtogd: hﬁtle dnlble@GCksolution. A

%:%.A;?l? W;‘%ﬁlﬁ%ﬂﬂ% 21%5 tggnr c%@etl dlmo overoonkgé/ thg Bon-eugstanr%eous integer cycle

K Pmﬁl%l"&’ﬁ“r"?‘i“égml“%}!ef ang ﬁl“‘t‘f e ?"é’@f fmwaacs &traalg@@bf :the GPS L1 and
slééle@mcwmmrfgd@ bedt rbquapryi sipgal (bt hadequeadyvag®agiei sigmiithntly Ionger than
ﬂﬁtnﬁ%ﬁgﬂms-ghﬁ§ﬁm fidaRdhat & &9@@ | COEEE&E}.‘HQ ?es&iﬁmﬁ‘ Qllthe){llltoﬁvlsrg can beaAexccfg)lplished

Iy nstmantse%&%%usobsepvgegsem , resol ution.

techii® Known i &’ng tﬁ?l‘i“ﬁ@‘g By o e idfe PG fRaed by the
togt Wéﬁ}n@@rﬁéal tThese. i ereatyaviv e ovismd of intges thas yodt be searched to resolve
atitegetiaiyiggpy.obl em Wde-laning multiplies and filters

two carrier frequencies (traditionally the GPS LI and

L2 frequencies) to forma beat frequency signal. This
BEaP2t FBYaEHCY REVR metrgt pre gty the iopsing anst pisney efiftpekT dakpclink, and,
shendipatie lagngit the dofrminhton tavthe gt iebtiveil The @RI YahdMidih of the RF data link

Q&E’[ﬁﬁg&iﬁéﬁnhé{ datd L@‘g’a@élrégs ' cQtEchiatatlJasgc Iam cﬁ% gs%n :ng.lracy Poor reception

D si.ng pseudor a vat| ons
aﬁ%c“ér gl 3“% Ff‘asei? ﬁ’t élj %’Pﬁ‘B’f‘{j’& .a%%/m‘gtfpa*{l ﬁ@wwda@ F°““1P“a‘h é'éﬂch degrades
PEtiprpeboysapy teheest2 &d liesults if foab)linknfailpresind) n@ bositidh agig@s ati worst. The second
Bhidfidoming loLEDEBS & @d uLe oitth& dé@ﬁﬂﬁﬁﬁ‘o Ok cht RGBT stagle %}lt fPM&dn solution

Q.Le n r ui t )
BB By 0 TR SO it e o e
fiffer fvplclaﬂ’aﬂqafa% therfespives Flogktiesmsdor hythttee r¢fremie recgiver,and the user receiver.
m&@’nﬂdihy psett ta@ivéraakde@rinink lad¥Rratel ﬁi’sﬁﬁmlfh&&b@ﬂo @k rdfdi@oelt&cBifer position,

B Ghof %@mﬂg %md,afh@ i mimgﬂﬁ b 0f ek u E (yg%% %mg Lﬁt‘éres{f”eg in_position.

onstrains erential data up ate *
‘3 AT PRSI a8 ‘I%a ’g"é‘g“f%ie ﬁﬁ‘eﬁd’gie‘taﬁeo‘ﬁ vezy, begefigial to Wdiser applications
h@éféﬁtcpmter oftworis faficbtelenaininglicattba sastema UIbe tickbof tipla Y@érpiaktion is a major
Pl abkedidtvit 00GPRHribdaR dlslim£ auses data corrupti on,
whi ch degrades position accuracy at best, and results
intotal link failure and no position update at worst.

The second shortcom ng of CDGPS is the lack of tine
determ nati on. 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

"doubl e 35 differences", which elimnates the receiver
clock terms for both the reference receiver and the
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Therefore, the user receiver can determ ne accurate
position with respect to the reference receiver
position, but cannot determne tinme. This is

uni mportant if the user is sinply, and only,
interested in position. Howeyer, precise know edge of
an accurate systemtinebase is very beneficial to many
UPeiddaiRPluptatdiens i nvol ving conputer networks and

t glmﬁﬁ‘ep EHHHQ:E 95@& {ogﬁ G%grgc}sﬁgﬁsdetﬁ%m%m!n%(: e IRI oft .o{lTn% -b dau%aentﬁtion systems

determnation Is em as 00|a
CEXPE RSP EFPdogtﬁﬁﬁfthré"°°rEf“ﬁ§§é'ﬁ?jﬁ?‘HWt“E°“ﬂEg?f€Pﬁ %ameb‘ﬁsed Differential
ASBE bbelprn:aplplplg aohaddised itfiestradtge ERGepas] Theyotan be used as additional ranging

d el Ehdib bQlF duts lidihe seh@c@ffeféfltragéog&ﬂg'ls m&@glmﬁlh&mlﬁhﬂv'el? Mbseudolites
R Ol T
DPFfderientolutn usigpg lgaﬁtsft"é S virtellifesuand a?mes amdiett:rm@rﬂa!me to a co-located
| pledalité runerbitir.€The egidicy SNBNGES tinldbRY isCoamdtrddRd SRk @®r sources including
ag)gésﬁﬂem trof)@ﬂgﬁ&glayg’ sa§illg Qﬁik%trorasgtglhé g&ﬁ)wrﬁe?roﬁgcegétl@se and multipath,

s to setn ferential corrections to use
g]{ﬁe 6%?&33 o /&P}iroé( rnﬁﬁiy ISQ/té |1tg}] narﬁygeé%&s(ﬁrei a\?‘%@’abh&’é Hsmégw GPS timebase method,
shavistsr bivirznslgest topasitien a@RSids orte nalserderofl GRIT metere Thiggccuracy is much too
devhred 16 pREiSe ndis2tidals¥Bmd, r OM a conventi onal code- based
GPS solution using at |east four GPS satellites and
passes the determined tine to a co-located pseudolite
t FaFieaged Differepiph GRYysing apc\Pmgf-Mprler” @emdelifenebase i s
CUASraiNaegt: £3683,0B% ethenDtitled Gysteed Matbd o Gefprating Precise Code-based and
| @ﬁ@:ﬁmﬂa@e{ P&ltlapﬁet&'tﬁiﬂﬁaé ph@d}lb& d(ﬂh"é%tlal %@r['e%loh Imtetﬁodctldlgﬁgy a so called

[FOF OSI tion recel ver nolse,

s
‘% P S"i‘%i“‘ﬁ ® Bctiad %‘E §3"’é’f"g APPPYRT HecReTPn 5?5"“‘1“36 for making
1@@8@!&% wraine ot diogs(€olam 6 lowab lod b JhewsninmgrketpgudeEean be described as a

' tm&i@m&ﬂ? miRt, Rbdeby dP@MH&r sighdM efre t‘rl‘:ﬁ%&ﬁ’ ﬁ-ﬁﬁ%e &6l ﬁl@ﬁxﬁotvh @ﬁm -marker
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aP%&Mgh oy oseltlscm %%%rﬂsn{on recenvero‘i:h [he ? 'gm%ﬁcamer an rdsé 5(%mponents of each of

ar se ecl se V|g
s%‘teé‘ﬁ% maf@a pigale fs e@a@é’aﬂﬁwqr@r Wit tpsapet (QHSir {Reqnying cgppterparts in the GPS
" sigmald (CMBItike; lifles 3@ Bl G foditen debeiteh SHuatddart M der-MgRRdraft receives positioning

551g§§s’3&0§11t§e (§I% sfa?aﬂ&%d :Il§0 ﬁ'e!chgs ‘1 aéde B Pt %g%ﬁls t[rgrﬁ the omni-marker

ating Precise base rrie ase
FPB‘%‘?‘P g %B?@’FW ﬁ"g’tp?tﬁﬁ‘af&’e'!ﬂ‘&?f‘ﬁ? ‘B“é‘%“eé"”m fferential

correction nethod whereby a so called "omi-marker"
ﬂﬁ)ﬁéﬂd Gifﬁer‘élﬁlaﬁﬁﬂl&ﬁ&mﬂﬁes@le ﬁ&@ﬁ)ﬂ@!radfﬂ@x[al digthiQth I, as required by conventional

Cfm{ arr erobafed %Iﬁ%ref?lol sys‘iem? I’hol‘ ?v% e Iﬁ%’ er%:égllgrll’(%osglon gceﬁfg mujtgstlll receive

°f'er en
theth £5F satelties m@ﬂﬁPL“FFFl‘P%@FﬂSﬁS eongies ¢ diderensial range myesyremgnh Bepeixisg omni-
anarkaiedigafih) @lbieC@ill nbel aAll6wOk posititie Edipyitatior AR 1R |olnhiln@ukSr GRA kdherate and

%ra&mn rﬁfvld@aq t:aﬁxger addri’RR Qﬁi?p%ﬁafntg ?Or;neécn %Pg Qa(?e‘i“?e ig %\Iv ng%lﬁ% fL ol%lg-marker

pseudol | t osi tion ion recel
t°Pf&P‘*‘6d‘Pd ?j‘a‘?n Y- Curertythis Ao 'F‘RRF Eb@éw‘ﬂﬁﬁﬁﬁaﬂ%f@s%‘fs‘°é"a@? a single
@fni-narker. Fodeo ran nemiaeatkes peitian Secéiger axitds | dpubhte @eceive channels of a
CoRaHaREdifMhh CRSRER, a&dﬁg foiRichst inAeRiPlelkg. COUNt erparts
in the GPS signals (Colurm 6, lines 28 to 32). A
position receiver situated in an over-flying aircraft
Mifferantid Kango Yepsursmpnigysing T Grovid T roinsesivert' Reeudli®s sat el | i t es
AIE Pdn b & G2 R B to Sheilblag ite@ CNetwi o f DS TrRRbIRES” Ses@iBa la Fifferential

cgn%moﬁ l%&h@'&?l%r b?’gﬁéﬁ%rr of Qoscglllég Qrd ukc?mgﬁger'sagp‘%%%{ﬁ%ﬁ%pﬁ pseudolites

mput es range asurenents
Y18 FIBREP 1 TR IR BT P A QeSS (R BB e igiieagal detmination of use
Pposéidn (Colonm b, lidés G todh). sheyinblatltéartics thagse bRk eht@lcolattion to overcome master

Qm%%fdoﬂﬁﬁik linds 9548 363 %o ] Ilﬁ@:ﬁag;és %o&%@eﬁ%g thgi Qrtntn@ ﬁ'ﬁﬁtl‘/@ilardware {Column

- systens. However, an ommi - mar ker position receiver

must still receive both GPS satellites and

omi - marker signals to conpute a differential range
measur enent. Receiving omi- marker signals alone wll
not allow a position conputation. Also, the

omi - mar ker nust generate and 30 transnit i ndividual
carrier and PRN conponents for each GPS satellite in
view, making the onm -marker conplex and expensive.
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omi - mar ker. Further, an omi-marker position receiver
requi res doubl e the receive channels of a

conventional differential GPS receiver, adding to the
cost and conmplexity. 35 Differential Range
Measurenents using "Gound Transceiver" Pseudolites

U. S. Patent Nunber 6,121,928 to Sheynblat, titled

" Bletnworsko @f anicelaids, Thanss Qi)V%ﬁxblatg fo@r@ﬂtlg%thédologles and embodiments

dl f f(%r nglse?recewer% él%rt%r?cl:nﬁ 9 %.m hcplv%{ ﬁlana 5 Il%ﬁﬁﬂmg transmltlt(er solénal {Column

t P alﬂ%séé it¥r Y Flaie 3 6D jatugss recedvat (ir@rea@ngcwamh @laster 2roynd transmitter signals
r gltay piagd itads@ivergCd@i 6 One@2POSH7} Cobin I7ERRd V&r33Y, add (il & user receiver

d Hiffgraﬁiﬁé’]érbuﬁ& tlaqggn%[ @nﬁ@hhiﬁ[ﬁr&r—poﬁé ﬁ%nﬁls ﬁl&%h}e lbé%ﬁl dl&%‘ltﬁ:é&% a satellite

es

‘?"f*‘ &8‘}\?‘} i| ngs it * %8% |C8H¥’f8 et totfe Sraeaet Pa&’et eckse o advance of
bﬁlﬁgen(i@e*tmﬂﬂ%% bift fqgerwt B:@h, show3B yuzeestd bighindssibblasygign that would produce
| Silple@oitkpesticn31utidAEin @ FoQitiglshsilidn RIS G B nefiark OMIBIuRY thafisetive
55, lines 38 to 67 and Colum 6, lines 1 to 23).
Sheynbl at's differential methodol ogi es and enbodi nents
i FFET ficrestem il ngt aflevtimerofpegyal positiyidpieraingsion wWithgut épaeiiing @t least one of: (@) a
t phasisCenncgion $etgpad krssuittdr [be@ongy @UACatdnkia kB Thtintied atSdaiN@insmitter; (c)
(WMUMSQ a bi@ﬁi&bé@ of Q) s?.!ﬁe foﬂmgf (ﬂ:fl‘e@htm (%)rectu{n dA )sysém W2fdan provide

recei ver d / enci ng. mi gPbe mast er %
el m&*ém‘ia ° w“t“ﬁ sighar gt b oA fiee é‘rﬂeFélﬂts Bl psirable.
61 he priesgrt dnvengontaghiegep thisQodiretrrgod! by bﬁrqnelgiclallﬂsmclml)zmgamdtel@ jof trapsceivers
AhdGA T refeR€Eb %8 PoshioritigfUn® DEREH) ATdGF iR Bdorl, F ANSCEI Ver
signals, which incorporate signals that have been
differenced with a satellite signal (Colum 7, lines
34 to 67, Colum 8, lines | to 34). Sheynblat's patent
tQRIECIRQr BHE ukanee of differential methodol ogi es but
does not teach show, or suggest a hi ghly desirable

ste % woul d roduce sin 0|nt‘£05|t|on

8ﬁ§ hPreent ‘BV t"p"('i‘g’i'df" P BN ‘P‘é‘@é’(s%‘ra“ PR Br pekingepregise code

G‘fld g?rmy NRlase rrasiie eieml@tmnﬂ GvitR} dre mepd fos ybysispls intwichrivectiant  between
Foditing-UsiEDedites.ar ri val position determ nation w t hout
requiring at least one of. (a) a physical connection
between transmtter beacons; (b) an atomc tine
s #ijh & fgthot obigek pffhe FyeseRt nyentiog i prpvide 2 Pesjioeing eyhiemy andimsfiod for making
PretHRSode iR a3 @ljasc@bsitiptlJetetiiitbonk @TtButfe nébld bfa@h@Mitnk &hndards.
correction. A systemthat can provide extrenely

) eC|s%W% ng of -arrival positioning signals, wthout

n'§/y BF WHE UL Y Rerpresinhipgention o HP"Q"ﬁIaW"S&é’%lf‘gr gfifmpand mpffed for making
predssende shdeagiat thesn peritin detegminatibris svitthesthe eebd fr gOlbal Diyvigation Satellite
shicanmkagl cal | y synchroni zing a system of transceivers
15 (hereafter referred to as a Positioning-Unit
Devi ces), as described bel ow. OBJECT OF THE | NVENTI ON
B0s Yot anodherpieds (6 e presgt invergioniogpsaxide a posirienitei sytemt ad mebed fgemaking
fre@ Sbdei 200 baftr fiy tpBdiflon AeleriBbtdROwithol HFBKGhiRGeR 08 Gifr&éhtial correction
&@ffucsand carrier phase position determ nations
w t hout the need for physical interconnections between
Positioning-Unit Devices. It is yet a further object
bis yethdurther eg@ndt the presem invaarion{tochpnalugioaily salclpﬁlﬁ?zie PosDinninge]Init Devices to a
§¥och IR0 e IRIR ABlebh R hot ABELRY beifor MGttt RErEPde and
carrier phase position determ nations w thout the need
of atomc tinme standards. It is yet a further object
B yetrefherabisritof hirresent inyentiendo propagitelerciirepse Ginebiaso Mirpngh geographically
dgiystheapairching®hpeicksor maki ng precise code and carrier
phase position determ nations without the need for a
d obal Navigation Satellite Systemtinebase. 30 It is
yet anot her object of the present invention to provide
a positioning systemand nethod for nmaking precise
code and carrier phase position determ nations w thout
the requirenent of differential correction
techni ques.
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35 It is yet a further object of the present invention

to chronol ogically synchroni ze Positioning-Unit

Devices to a systemtinebase, the systemti nebase not
necessarily being of absolute accuracy. It is yet a
further object of the presentsinvention to propagate a
reference tinebase through geographically distributed

P0 $i yed aGiirthEr@bjkd bt thel ppydn CiGntiodHd pfavilid a ﬂoﬁnbﬁﬁiltroa rebdider Wil lchronologically-

OQJH&IFGLOUQ OJB Il)%asp ?e%&ﬁh%é Qﬁ&%&t Osﬂl l;t, g a“Frche [ggse a[hglt%}(i nlgtions can be

pOSi t1Qn _recei ver Wt onol o -~ 'synchr onous
%@mﬁﬂ5@@“&§éﬂd@#ﬁﬁ@@§”m§ﬁﬁh that S|ngle poi nt code

phase position solutions can be determ ned w thout
t he y&lad’urﬁﬁér oStkck Sﬁﬁe%%ﬁhverﬁﬂ {o(ﬁﬁ)trlﬁeoiTOVIIlgtpoﬂltﬁn YeSdivetvith chronologmally-

ghrlg ous (pagi!erepgasc pscudo ees ps[lc%'ﬁxe{%ﬁce rt]ev eerrc]: e%mbléult eF are resolqred a single-point
I‘ vin posi tron recerver w C on |!

st nRetEonSelion ep byskigrmmedieibon de aﬁﬁé@fﬂelﬁl@i@?ﬁeﬁtl@m once
integer cycle anmbiguities are resolved, a single-point
Chtls ybt% IruriRd Ibjker H’Qﬁ: fpt'e'segﬂnv%rgﬂoﬁ%'p%@idecaaxlavu}%%ogl%‘h ‘?&Jﬂep\%ﬁ] preclse network
\M %ho% the aid fferential correction

A IPEREPOBBI®ct of the present invention to prOV|de a
roving position receiver with precise network 10
time-transfer information. SUMVARY OF THE | NVENTI ON 15
ﬂﬁﬁﬁgg ' nis directed at a system and
nmet oggﬁgﬁhgﬁgﬁﬁﬁﬁgﬁa roving position receiver to
determine its own position in a positioning system A
s preser0 mﬂ@nﬁmmt aage bl nikthod for éhdbBngAT@&E Pdsition receiver to determine
I3l \é@rﬁtokl@dﬁ nn ﬁﬂm&g $§tem Qtpoéltgf’i}ﬁé sysQeQne ac(:(ﬁgl?gr t@ﬂgﬁesent invention, comprises

enerate and transmt
aéézg}ogﬁ% relbca gimlsr}ug% IC(HI g gte éltdéla?sa!llt renfed)oiltwémg signals according
ttp mhstisbaso pf thiy eeﬁrf@rﬁqatr@m@r t Tha rpesitiohine lsystexﬁ Hartheroeimpiiisen ptnlgpst one
Py sitoning- finkd ki) rEaQDﬂBﬁdnﬁ@&ntafewéeQ@ﬁipec@ﬂ?ed transcewer capable of receiving and

é—lé&mé rekelne e%gsllt%m{q%? s\{ I :ﬁs ﬁ'omEtﬂe refm%%%l L rg agotﬁler Posmcmmg um?devlce or
Scel ver capa rece ng -an

?eth i Fre ﬂ’b‘ﬁ‘t’é’t‘i‘gn‘@“ rdgvicerreeaives tplreice mefmomg §¥”@‘ﬁ ands dqtqr@msm@ference
peditiphiey sipRal plopugsing deta@befweai i réf@EncOEBdnditteDdttl RGH. TR ositib@iik-GBt device
%Enera@%h‘ tangﬂﬁ IQ uﬂﬁé lp“J’s tlaﬁlggﬂnar rﬂwt pogt?ogin% it G & WP Rceives and interprets

ref erence pgsitionin ﬁg S an ermnes a
Htéf"él}‘ \glf-gef‘epomﬁ(anglg lS]ig?fh 1s § %n‘&? porslp%lﬁgggt qle&uﬁe cd@?%f'ﬁ the received unique
Ipesitippieg sign#l ¢ theefeesivedyefererice posigoming tsignal mmdlier th d@lhide a vFifymission difference

maﬁéeﬁ | NdeRR@ndd HahsmERV | h:ﬁeitselg Q‘Ht.e 'b@tti@ﬁng%ﬁl dbvi@ naﬁﬁﬂt; ﬂle %eneratlon and
lflrla_]n's nfé‘s?oxel gog %&éulgglg?l n %tlon{ng raIe chorgméj etlv\ngBI Ir}%l (ggy and t%e transmlssmn
ﬁ@@rpqcp d’ﬁtleFQ e g?fgpn_ce Apnsipifgrsang itse) untjl e positioning-unit device becomes
[Blﬁ&iol’o'gl&lljir @g:htdﬁl'keﬁ tdiﬁe\kéﬁ}ﬁlcmm&@ﬁgnﬁlh @t thR 6t@de VR 6kind Pbsfidfng receiver
Za r&:g‘% tﬂeI c%ﬁo'ibgw:ﬁ inronzzé?i tu?& ngﬁgg%sgqu o%o%rﬂglﬁglgue gmsmonmg signal

posi tioni ng |n or e a transms
a?dffbeéFféfﬁfE%WS*s@f%%lhseﬁtﬁ@Y e reYing pediopipg Frecien e palogfpig its own position
witiped the reqiirpererp oSfiffereatial qogpetini t  devi ce adj usts the
generation and transnission of the unique positioning

0 ng.to th 0 ation delay and the .
B AR CER Rl i Breu P U REC T & P BB gmma md asmit
Plerality efifrequency-dimgsoipesifionife signalsithat exhibit thepgicplerpniefigeh pagitioning-unit device
damis @rfidded o FRdrate Gliln@Ral @Qhﬁlﬂﬂ' &f}ﬁ‘e@b’rﬁﬁ-hﬁ@d@ ip&sﬁidniﬁg@igﬁdﬂﬁfm‘thermore,
Ea@l( Forsiﬁg]ﬁ'& quc?ek/u Q @énﬁg.lée t vg' the Altur\e/lfétp Itoﬁfée%&e%g—ediver% Jogt\{dnﬂg signals

tioning recelver can rec the™ ]
eéeﬁ?eg‘ﬁi‘sF’f}‘e’S‘V FER PO iPORnipEIng devicgoaiiyding fieH gr Genybpshy. At this

Sl‘l’ge b@tlh pdsitieningruniy UﬁeVIQB O iconifigunddnig isdeppndehtly et@lolbdk@lly synchronize each
ﬁ-&]ﬁe%@aﬂ%@e ROi8doknls ngdanigom t@“}%@rgy@aggnll%r ol 3% ofh@r\ﬂoﬁgmmg-umt devices or
posi tioning receiver can calculate its own position
Wi t hout the requirenment of differential correction. In
a preferred enbodi nent of the invention, the reference
transmtter is configured to generate and transmt a
35 plurality of frequency-diverse positioning signals
that exhibit tinme-incoherence. Each positioning-unit
device is also configured to generate and transmt a
plurality of frequency-diverse positioning signals.
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each positioning-unit device is configured to receive
the plurality of frequency-diverse positioning signals
fromthe reference transmitter or from other
positioning-unit devices including itself or from
both. At this stage, each pozitioning-unit device is
configured to independently chronol ogically

S)ﬁ%C h rtﬁ) F)I azrcgs ¢ tﬁ.’% lﬂ‘e %1 &\%MQ&%H{ Istgn%{t%% igé?tséut:ﬂ tpawhggne incoherence is

rence_tran ter aqr from othe
pdgrpr{rqn@ﬁ?rﬁa albﬁeiqllenaélmzrﬁcégsrtwpmgﬁlgnalb Ilﬂ twarﬂmtinaemaof the mventlon the roving
I @Yot rdcater fecabguibmn dNtepetidandy greonplogidallyi oyndhrogized i fgavericy-fliveomn positioning

I tsé&is and %rppetstﬂn@t)mrﬁdﬂ%mg lnE@erén@&zQ Red-@RE Qock Bias sGAMIDA accurate position
erc%ek,bposnronrng signals. In

tﬁ?gggﬁﬁﬁymﬁéwrgﬁﬁﬁg erece’ﬁven‘tlon the roving position

recei ver receives the |ndependently chronol ogical l y
symalathanird@dd Ehitpauen 6f/thd invefi@e thp asing ip@hibm goeivedsgmlaiiged position is
ARG era ALY A BE S L%m%&rmvrtmtlmﬁw RGOLREGACe as a

recelver c i'as 'such that an accurate position 5
solution is calculated incorporating the receiver

C lroyek aroihersprefered amhestinvetrof e érfventiere the eavb G igrel tinclyde 2 fygudorandom code

i @Mﬁ)ﬂﬁehtoaﬂd wheht@: sﬁl@deﬂQpcﬁﬂ&ﬂ rbckiOf dEt&ﬁﬁiés\b%&o&n&ﬁﬂ 6ddlsRglepbint position
carr.l

soiutlto?sgﬁnv\e/dz og Csalurg %}seuggrangom(c'g%f?m%meing 1th10 ﬁrg: re%ebvgfsllgg;l
another preferred enbodi nent of the invention, the
I BCRHE PrefetrgdloslirheRCdf i nventips eti¢dakiomddignaisCiodide a carier component and
C RN G ro%qmé{mg [ Sdivdr SRlnfnek M Qng@@p%lnt f)ogﬂonrsel%hsv &fived from said

determ nes pseudor andom code singl e-point position
s GATHFE FOpREen i B P EHTIEEY d pseudor andom code
conponent w thin each received signal. In another

PifeLibRE pﬁ:ﬁh’@d&nﬂ&lﬁﬁent%ﬁ‘ the B@enkihy BB tcRd sifnae ink1ede i dvi@ domponent and
gfg geaﬂll :gndlrovmg Bos%or{ re&n%gr deteertr;lmt%o gng% epom? ﬁ’ogtwnjséutm%er%led’]fmm said data

r'ovi ng on recelver rmmnes carrier
sF%@h@modhmtmhw@WﬁhﬁwlsoIutlons derived fromsaid
carrier conponent wthin each received signal. In yet

agoL gL, dﬁgfe%fec? fo. %%@J{”%? g'le W&I&twgf hd Bink IRYRI3A 'réagver ; Rfculated position

recelve s I nclu ata conponent. an

s Sstsmipgs\prith 4 Il Fefsprmee STt tishast Y @a“a%r°é"‘°““’e‘°°“y'm VD)

Skahgib®- poi nt posi tion sol utions derlved fromsaid data

20 conponent W thin each received signal. In another

p & eEe %ﬁerrpée oL Vtgl}rl;gd]uneg Lﬁ Z\{elntg)\é,et t}o?lg%%osip% r%c%w:rg g:alcu]ated position
e\qtqarmaqs spid et deost onrelprenpelranpiter'y rlrmheﬁrx falsplatige faﬂﬁéﬁ*aéeé’maypmmﬂmg
Cadnibdsat i ng position-velocity-tinme (PVT) solutions.

25 In yet another preferred enbodi nent of t he

i nvention, the roving position receiver's calcul ated ¢
pBis Pt rprefiiied @mbpimey of gie dnaptiop. o feogivad signals pUide 8 carrcr componen

t conipadiigtah Ritially atbig@idasebedny capizt cyulbsabipvgentad 7 fragtional cycle component,

si ngl e-point positioning solutions. 30 In another

B TP e T Bt s ST A o
i pasitipreib fiegerneived bguous nunber of carrier cycles conponent

aﬁbd a lfe{oﬁrﬁ)E e Bﬂia]ly&)ﬁﬁlktﬁuﬁﬁﬂ&@mmﬁer cyclts Yodiponard @lgh@fate a resolved integer

ed enbodi nent of the i nvention, wherein the
cle comp tT .
J position receiver's calculated position is

db)t er nﬁ“ﬁ‘@&g By resefesd s g¥Cls| cOPROBERE YR *l“*nfrr'f‘i“ﬁt1 PlgfleafPfEﬁ"@‘tﬂb‘ﬁ gonerate a
Npradise canef pra pseiiderangey C| es conponent to generate a
r 850! Vel il LARE: sindifolnEpoSRERARBAL fiombte pREETLAG plafiPseundorange within
resolved I nt'eger cycle conponent with the fractiona

Bl ENBtent to generate a precise carrier phase
pseudorange;
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c) determning carrier single-point position solutions
fromthe precise carrier phase pseudorange within 40
each received signal; 8 such that the carrier
si ngl e-poi nt position solutions can be determ ned
wi t hout the need for differengial correction. In an
alternative enbodi nent of the invention, the reference
t s@BSKR tht SnSr ﬁ@é-ﬂoﬁﬁﬂob&ﬁ’cﬁ SORHRS cAl B9 labtdr@RddNGIthsti0 khk need for differential
d%y‘j{‘?&ﬁ’ﬁ’ W de Area Augnentation System satellites,
Navi gation Satellite Systemsatellites,
Pseudol ites, or any other devices that incorporate
t ilmanraggeriatife@mbnelinio bf the fihiesion e Gafigentd1@nsindivis Mgy ikOEE bthed Positioning-unit

r %Ev%esv eﬁldé @Arefr aiugﬂénﬁﬁ(ﬁ Q@ér@ sgtglﬂt@s Qﬁgalcﬁ{vfghﬁﬁ Sgtaﬁt@ dSystem satellites,
ions, wthout th

neeg‘1 E teP‘”f)”ﬁy ﬂ’grg‘émes ﬂ&?ﬁ‘ﬂ"é’&’f”i“(%ﬂ@'“%’@%"mg?ﬁ' posi ti oni ng
-unit devices, without 10 requiring atomc time
S tTRiR ditoivel She Qbving WaBiok ireﬁ@\k@ﬁﬁ)e&kulﬂ@ BotWedak Mat carki@Qpbbed kikp: point position

d'dét!nﬁi(lﬁmsl @lthﬁ?totfé Tf&& fcg'nph s%al ExﬁneQF??’CgéltvEy gﬂu%la-ﬁmzd?vwes without

repr esent at ron
of?é““é%ﬁis’aF Haandspds oGRS %f‘évé%a@e HFft!rF‘ﬁﬁ“‘f% diffrentiplcerecetiop-
i nvention, incorporating a single reference
transm tter broadcasting to a plurality of
Pasi.t.i.onl and a roving position
rggfghbgér&gﬁféﬁ]&rﬁ%ﬁé&gﬁﬁgﬁt ononous si ngl e poi nt
position solution. FIG 2 is a graphical
I BIGt € SaryapiidaDidpr@éntaBdd b&remedm&ﬁh dﬂ'&ﬁﬂe Lodk aa_dmﬂﬁg loQﬁkpresent invention,

aﬁi&%ogiu{égi s t‘elﬂa?emg rt&&x%{l]tgr erAX é) du(': g ok Po?%nﬂl% r()%& an\gces and a

a sin le reference transm tter

’f"ﬁ'@ﬂ %’S"i@aéﬁ“t“ieb‘l’ﬁeﬂ’ﬁ‘“‘@ﬁ? 1““’131—’:‘1?}‘56&‘31“' F‘I“@"S‘B"q S%‘“‘Q“ grap h| cal
representation of another enbodi nent of Ti ne-Lock
a@[@Q‘I islh Qﬁbhsz@ reprBEntRbEF %Iher' AV QM ehi@PTime- 1 L6 Q:Ed?&{g% th@}ges@nt invention,

oIRGB et BB e DR Do §

gr aphl cal representation of another enbodi nent of

TFIGE> ik Ogphiad Gatekitanioh dfammaemwdmﬁam Til&NRRDEctdBdig to the present invention,
[ (o)

| AGRRAAE 3 ihdAerden REFOARLANARL hhely RERRHTAT Bibices

5 is a graphical representation of anot her enbodi nent

OfIG A inzardpbick regresentirich ofighothe einbvgineit @8BiA¢-Ldchasamting @i the present invention,
| IRGREARRE & fofeRfke Bankthibr Brbddba¥ting fhrduff 8 R REGiacy PRRSHeUR b§v1ce
broadcasting to a single Positioning-Unit DeV| ce.

FIG 6 is a graphical representation of another

B Idi remmbicabiepresentption| ofankthey ewlepditient g Tinge-Ldgleaceyrding éathe present invention,
| ifieHBhtin® Mplurality o RfeRAe BinkmiBerSordMARin A6 @ SnghUgIMRIh Al R vice,
System (WAAS) reference transmitter broadcasting to
four Positioning-Unit Devices. The Positioning-Unit
OG- ibdeeraghirberyeientetionypt anpthyy sbodimen @f Timelgsk agpprdipgéo the present invention,
divoporaing gi Wik |Ayea Sypodtini e PWALS) BfkRy usisgina| Boati@stag to four

ngéfﬁoﬂﬂg Qﬁlts'ﬂe{u&p eC ?&s}{lgr[mg%nﬁtuﬁgv%gs Sllﬁnscauenﬂy transmlt their own unique
Jte-occluded, 35 environnent. a

@ﬁ'ﬁbﬂ‘ﬁgﬁ%ﬁ’ S)?‘@bﬂﬂ'é@@mtlawgﬁﬂﬂ% to éf?éf‘h@r“t‘?é’ﬁff&‘&ﬁ’ ﬁ@?ﬁd ing satellite-occluded
TFhviennieolck according to the present invention,

i ncorporating a Posi tioning-Unit Devi ce reference

E?)(?P?srg &%]a%algcral r%rrecs)% I‘angtger er&fhlpngrgos I I Ooﬁlf aﬁmrdﬂﬁ t(i the present invention,
BEOPEEEE 3 B‘Eﬁ‘é’ﬁf@éﬁﬂ |D§Vl‘{erl’%f?f§\<ﬁ trangopjisr nbrowﬁtmam gige other Positioning-Unit
Clavien ThorysiGalnt-YniSicd subsbgreat) tradsbhit RIS bvinl vBigieltiroriblogicall Synchronized
toitRnih ek dido plqabg;ﬂogmn Lesgiver. 9 FIG 8 is a graphical
representation of anot her enbodi nent of Ti ne-Lock
according to the present invention, incorporating two

aut onomous net wor ks of Positioning-Unit - DeV| ces, and a
roving position receiver situated
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at the boundary of the two networks. The boundary
Positioning -Unit Devices subsequently transmts
inter- 5 network corrections to the roving position
receiver. FIG 9 is a block diagram of

Posi tioning-Unit Device hardware, according to the
present invention. 10 OVERVI EW A Posi ti oni ng- Unit
Device is a specialized transceiver, which is

p @ﬁj 3 is 9 El%[ﬁtlcﬁt'ep@selﬁgfam aﬁo%glae‘iﬂb% ?ﬂ)? TihE Ec%l( yc@cﬁ’dm%qs thL SQ@& invention,

one reference 03|t|on|n rom at

r SFEROEHRESS PR él}?fstﬂffgf’fks %?%‘- Py De‘t‘%iea”rdéf‘%’r“%l’ﬂf’éon receiver situated
t AtaFedaindaneef thegwanstyotke Thimeidary GoritiagagtUit DevBey jubequertly transmits inter-
Wishimrisair@tidné th @e rolifl; fofSR@R&Rr.t 0 t he received reference

15 positioning signals, the Positioning-Unit Device
chronologlcally synchroni zes an internally generated

pBiSi 1 BTk geasamiph Bgsitipngis Unis Dpvise barduarecicoordingte e pretspt invention.

ti mebase and transmts its unique positioning signa

to all other position receivers in view The m ni num

r ' nt for the formati on of an autononous

| ocation network is at |east two Positioning-Unit

Devi ces chronol ogically synchronized to one reference

t A asBibitst Rt Devike ﬁsQ\éiJeBigmedlﬂﬁsEJI\ieQ WhtElﬁQ]ﬁ)isM(ﬁEd at Dkl B106288n and receives

t:l??eas"fl |01j|e r&fg'glcol o@iEan %:S%&l gr]%Lt one EEE&]’IQIIICQ trtnlgxhlﬁer alsf'eferaq%n&e Teference

network 1's ca determ ni
TP i premherdionippiae et Drvicy 951 WASH o 1teu {n. refacgnsw fh sRggived reference
t Hesitining digfalsy theliPhditeniettnitabevice Ghibkicall .synkhuidnizxe aiTo¥emally generated

t fa8richRE ﬁg&lﬁ?&ﬁe rsfﬁra'n@@t%srxrﬁtgf tuﬁ%ﬁeﬁé dul aJngﬁm qusaueg)%tmnﬁgﬁgnh%%n other

D S ke ol i o Qo et o

rfequi red ﬁy oFt of T‘““EV%W%‘P@ o ef?rélbt&?" 813 B¥kprRg©Ua fpcation network
j i J@ﬁ%h@uf’womg;l@m Beviggs hidnplegically syrghriyizediio ek refergncatransmitter. A roving
rpefienh eRaer i visease af €hE trﬁd@ﬁ:tt&ﬂsliénﬁlﬁwi&ﬂﬁtﬁﬁ bRt Wk df is 2&pable of

Tﬂ‘glglﬁlm %utg'l%ltnalls lctﬁlgor I C a T s;pg'[ﬁ gom Ié)‘f:)ﬁlltlc{))? Isorl] o szr\]n!1 ougﬁ%/ ine%g forJB"Xferential

serve s a neta IStri

CRFERe1 TTermere 596 E{FFEROS (st P spster éqefow FF@d S heirns St{ fityzof atomic
rigy lstﬂngarqb@sremmm)r Ibeg @ikt ks, (hétebs alRwing Wiindxfesive @arbtsl Gscillator to be used
ROSefodeRB R BEEIMEY enfirP10&AGHWaKE Dot h code and

carrier-based single point position determ nations,

wi thout the need for physical connections between

P as idesiedhplowns Posifbenne-Seis Devive irap setve psepuritaphorigpl Sdhongitfor distributing

Tclhrﬁﬁa!oﬁ_taﬂﬁ @&&\ftﬂﬁm&&r pom@hﬁ@ stehalbeXd QASB¥ing @Bﬂbn%&ﬂ&ufhls allows the roving
k/EglUlll febilS ég Icaﬁ_ctjlgt% %&h cI:o%e anﬁ %gl'l[l & atusclado smﬁle Bomt P%S%O%Mtenmnatmns without the

one configura
pise for P"éﬁ?a}fgms%lts é?ﬂr"‘teh qumgfméfﬂape‘sceﬁ Wishoptaeauipiegsitaniigne standards or
Gt rimcbasat andwishow Bkywithg didferetiaiberreaiivd. car ri er - based singl e
poi nt position calculations. A plurality of
Posi tioning-Unit Devices 101-1 & 101-2 are positioned
at known | ocations with respect to a reference
SO THEMANBMEBIIPst em and respectively receive at | east
one reference positioning signal 102 broadcast by at
tlgig}s{h?\gs r?ge I%f{gl?ﬂrlt%E Ig]or a Eog g‘n?nm t tw gteﬁeralteégv}gcésg ?OSFlgn %tenn?natwns using
pods & sHEEbEuL el iP‘P*IHtPéS“S’SI/ sqlceh@ons A Riveadify of Basitiping-Yoftdevices 101-1 &
1@ aire/eitianel @ keia Qocpidssl With &Pt Sl rferadce ddo2dikabEsystem and respectively

lP Q—:ﬁ/’e ta! l@z@ﬂ (ng rekJPelnEc p@ﬁ%hiﬁ% §i%r&101’02 %m%cgsp I%Oai le&sE %@szrgtﬁ‘g H‘%sxg{ter 103,

nor.e un| Ssitlo

?hdha‘%?rpés‘tt?ﬂﬁd &Y ’8“81“!“9‘“‘& Wﬁl‘%ﬁ"%‘é‘&e EROrippés system. In response to
thefeesivehisrencd pesitionisrsighd @92 tHOBsitiching-Ovit Deyicpol9i-§ i€0191-2 transmit one or
HKE Aighe posilibing sEhdisUdh-€ & W412hhlﬁchtap£chﬂﬁ‘tﬁdﬁﬁm§ sﬁi‘cbrgrﬁiéa toSRe reference
101-1, 101-2 & 103, receives reference positioning
signals 102 fromthe reference transmtter 103 and
uni que positioning signals 104-1 & 104-2 fromthe
Positioning-Unit Devices 101-1 & 101-2, and
aut ononously cal cul ates both code and carrier-based
singl e point ‘position determ nations fromthe network
of chronol ogi cally synchronized positioning signals.




Ti me- Lock Tinme-Locked Positioning-Unit Devices
synchroni ze to a common chronol ogi cal tinebase, which
can be of arbitrary value and have arbitrary
vari ance. Therefore any sinple and i nexpensive clock
source, such as a 10 crystal mscillator, will suffice
as the reference clock in a reference transmtter. In

t trenspittafl&X. rAodvirgrixdids RV 105, sieaipahia thd ieweompansater] 101-2 & 103,

C E’éé&%@l'efef%% 'pJ)slh@lIu%@lg‘&lI%@om%e rptﬁ'ter&:@&anin’ﬁttcplgﬂg Oha uﬁquc p031t10nmg signals

P Uni
. 9(?4{;] X2 Jt‘.in gom tﬂe l!;ots x%iﬁig glbxt e[\'ﬁﬁsdpl -1 gﬂal %: éiidcamorgi?]glgiy é‘(alculates both code
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s @udcegiriprebgped F‘?ﬁ!? Ryt posifieytvicterpingtipat fidor derndtyrek oflchronstegically synchronized

C peshibichigni@ias of the reference transmtter and the

known co-ordinates of the Positioning-Unit Device.

The tine of -flight offset takes into consideration the

p 85 Htion tinme del ay experienced by the reference 15

p &isied-pasei RogtiomingtHeit Dawdods Isgithrdnfza e comgonf chromio i tihd®se rWRE €an be of

t Erﬁiﬁﬁjm/athie Qhd Ha® dRRryRAShde! 'ﬁ)@ﬂef@rg ailgl"b'uﬁple%y ln&-;%ens1!«3“:10@1&r §firce, such as a
neg'?s?a?()sc:ﬁato? %l[ oﬁ[lgegangg }e%rer\l/t\:@ }:llc? g ar %%H e i:ra.F ; (ng ! e prefe¥re<9 em%odunent a

r ee nanosecon
F’G@PW?OW@e“Wp gt \opedlieton (EKOR or Yeﬁﬁ if pygd- Poﬁ’asfttpriugﬂ.fmt Device first
Odcingred a feforei@ trinkrbigd PR ltibiing GRME bat cﬁﬂllaﬁk@& Isd-ta0da tﬂﬁ-cﬁﬂhgiﬂ S¥fset from the

aﬂigwn é’%l-o'rcﬂlg@s & Iﬂmle %f&gél&dsﬁﬁ&% tﬁé l% -ot%mgt&%f *h?ﬁoglmnﬂ% -Unit Device.

rﬁ{erenfp()ltlonln 8

élfnﬁ g fégﬁaéfsdft% iﬁ‘l’}g‘i‘% t]afrﬂrcﬁga%qn élﬁla elziyrﬂ(%rlenced by the reference
chivritmming @g‘iabahllswavgl}nm@mlt thevkefehende lvansmizbrep @tre (Pesitioning-Unit Device. In free
t $pR6 S MckdnPEneticoMBR: fﬁh&ﬁ Ia[lp)bxunl—tlalfr‘mong Quele Qlferyl ﬁire@qgﬁoge\é&qs Next, the

e BB I Bl S ol e by
ﬂ‘f&‘lﬁ ri'i‘h@OSi‘l@Pf@rS@hﬂé@ ibbslmrriﬂtsrrpfprgncs Pesitiiing sinel, thus bringing the internally
CdatietO bB bl siglD AL R HBRgivM di@nnichevith @f QPR ransmitter. Specifically, Time-
tﬂoé@ﬁ %hfe@(ﬁ hteri m&giﬁlg U’git bgflc?\{ %’Q&%‘Sl r?p %ﬁéﬁ%ﬂo rD]SIItlr(]) % Slé%%q?lLS frequency

is trangmtted via a radio

LOREPE M AL INETIE JRFEnpSRositioning, S*a*ﬁlea i“’é’ﬁiﬁ% cﬁafgfi% Wishihe @ferenoa
ém@m@kﬂmahm%e generated fromany valid tinme source,

whi ch may i ncl ude Positioning Unit Devices, Wde Area

AL P ki S B e
ﬁ@% IFERInfet Rositiongne signa) C@bhﬂogqqmtvdoﬁpnofanyvaiild dimg gewrag.ewhich may include
Reditphind- Dk DROMs,t WiddArta Au%menamon@?ﬁénf (w0 SH glteh—mab iG1dP8 Waki@ition Satellite

%93]‘6111' (@?ﬂi@é)%gelﬁ% zgselﬁgl%émor%ys Eomﬂ %1011 ofo \fr‘ql(if:l sources eb{e%lnr%g now to FIG. 2, a

transmt cel ves

EPgieyre-YPeica Alnpeed & Hiroph é‘“ﬁ‘lﬁf @P‘é r"icféfe‘PIi'ca ﬁwmre?iﬂz receives a
2@ 2enceTipatimag eigeh 203 tﬁ@ﬁlit&d BNhe gfedoceStatpmitler 20.3THa aFer@ice positioning
Gigdhal 208 'hasQQﬁﬂ&Q@rﬁﬂonemaa H'niug b€udb: &ﬁ&&ﬂ%&%@.&%&& %ea data compm%ent The

qugmnqgﬁ a (ﬁ at a cogponen 1 si t1oning-

B U Do OUPRYES 2Poptpairerish 2Mewdiave Jocased Araskpger, 205. The
egliPestedl4is apbletreceirin@gtioniihegnalphei dlirgmencqosgionipg sig@@ldin view
3, ﬁﬂiﬁ%ﬂ)o@iﬂ@ﬁng i'si@ﬁﬁlfr\ém ﬁgcqqaﬁlie& iréﬁﬂﬁlﬁbg 2(%' ﬁ@@fnoﬁsefug ﬁ’lm'eé’énjed reference

Btﬁftl&{uﬁQ%Sa! Q&S {hg i’c())s}tnilonql% Usr'ut %Q\?ce%i smlts eso C ﬁ% slav Iﬁufl%l()nmg signal 206

oSl I.Ng OoCa rans

o | its tfaﬂsnvt@g%%ﬂ\g@:htmdecﬁlhf‘é by the Bosifiaingr it ddedpsgnasition receiver 204. The slave
poiipringoipnal 306 hag nadari20Bmpdnéng aR@&Ld psoudb-Fgdokdndotle EEYone:R, and a data
aﬂﬂmﬂeﬁtaﬂé rﬁo@:ﬁmiﬁg ﬁl‘ﬁf ﬁ@leé Ecgmél I%\Nﬁ' 3 'retcéi%g Ialulgs CI:&EQ]IS]{ %Qi%les the

%gmfro mits tra 03%igtter i S receive

CEPE PEITOHY- SRt ¢935580 e é"feffa‘?ﬁ‘f“is'ai‘iefrz%"é'ii {hatlave U’&m"ﬂﬂsé‘gﬂm 206 from
B¢ s¥lecatep draismitterd0fhoh gingmission 206 difenca ic ther fagplatabpeREeht received
a uni que pseudo-random code conponent, and a data _
conponent. The Positioning-Unit Device position

recei ver 204 receives and simultaneously sanples the
reference positioning signal 203 fromthe reference
transmtter 202 and the slave positioning signal 206

from the co-located transmtter 205..A transm ssion

time difference is then cal cul ated between the

received 11 reference positioning signal 203 and the

recei ved slave positioning signal 206. The
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5 conponents of the reference positioning signal 203
and the slave positioning signal 206 to determne a

.carrier frequency difference. (b) Denodul ating and

conparing the navigation data conponents fromthe
ref erence positioning signal 11203 and the sl ave
positioning signal 206 to determ ne a coarse

t rdpiepd mesitiaung tsigrek 203 b e evciead s(agd pdsidenipa sighul) 246 €he transmission time

PIARMARE, AR RABIMEITRBdfinchtES &hid¥hinady.f r om t he
pseudo-random code conponents 10 of the reference

posi tioning signal 203 and the slave positioning
si gri@) Comering o'heidtegind weria Rietd e(ICH) seanimentigdetermined from the carrier
di f f er empeéenty 6f) thCorpae | pagiochii sighs b@Nda MRSe FAKibiNR  signal 206 to

phase mwaegﬁgghélueq%tdgfegﬁcged fromthe carrier
comp reference positioning signal 203

and (?)hg ?"a\ aﬁ%@f"f’?'&%ﬂ“"r@"‘%‘?‘%’fa coppanetHrerhegpifpsepogitioning signal
carri e?03 aditmsleve doshibrine eireE206 bilctbraine pro@resi t@BmisiianEime difference.

f% NGHIr Cdipgak i Bseﬂﬁf)raxtgb tﬁlfaﬁdréﬁéﬁts Bé?e%hlﬁéd%!n@g p%h&[}ﬁildonzg)ﬁe Lohponents
ere sm er
(tf@l{ %g}‘gr%eel p051 q[i)lm% % nal 20? d tLe 051t1 m§ I;lélﬁig%ng tct (glt,ermme a code

propagat | on e re BRCE

ant ennlﬁe“%af‘g%ﬂ'f&fethﬁe Posi ti oni ng- Un| t Device position

r ec éd)venmpaing en meanRBusRatfidr phee aaaouhaitedeliied frohh@e (AR dmponents
geonet drixe MrerdlbeShRGR, bt H&'ta?l e QAR pBS{tl e s ﬁfi{ﬁ% %Ea%ﬁe a carrier
transm,tt antenna 2 to the Positionin ni t

posi t i BK ?%?feé‘fever ant enna 208 can be 20 converted to a
signal time-of-flight by the fornula: tinme-of-flight =

i o8 pradive Grh SPREGniRfionlof @ Have p-ghﬁmﬁgﬁénﬁl' 200th MOretetelbl frankdBNdr 68 timebase
V\gél's% Q%%E&%[oﬁlﬁ zbe%r{een e refe lipnc‘é: {rz?‘nrs]rgl ert tteemrwtzﬁ 25 léxe %osmomng-Umt Device

requen
PRS0, resply e gtqps 408 IB@V‘?%@O@P@J foz 1Ihe Iﬂme geapreyrieat distaner in petpry @09 from

stheefeeabe triramigeriaiténgd 20C boQBkPoRfidhing $Inil OtviRk PasiiiChedertalkenna 208 can be
P&ﬂeﬁéd% @51 Hﬁé (;f ﬂ@ﬁt\{) &€ fo 95[1.‘11 %&';éloffdi gtm J'l&gce;sﬂegﬁeof lngght T{xe Positioning-

%?Ierenci bet ween the reference OSI tironin

TR 20 FRSOTRYARS & SUprerd e Al ?’Qn‘%ﬂ"’h Ste>e PS@H i} Gequency by the
rResitiaping-tnibDevich EPUPYE. The eonictign toletie btedd@ i Bitterelpeki e is d@Ghined by the
&fddtldﬂfnﬁ-ﬂﬁif Dedize &3V A1 Nond tﬁJ tﬁx{c%ﬂﬁﬁmg Bk ded Q&'el@rgncﬂzogﬂﬁilmg sighal 203 and

ttflerg?av ]IOE{BO@HI? %nal%gg Hl}l%: rl]So egsureg g?agg’tﬁglwﬁyn%g wicg ﬁecwef %ﬂq and offset
tbPi erréfFfé‘l"e H‘Eé“’fthgérmlﬁl@f'e”rﬂ@owt TmSettmyethe S ptigningssignd 206 into
Ghibdolgien eintbgpnizdlien with (e retetdcemadsRmenoainRasd. t i oni ng si gnal
203 with the slave positioning signal - 206 elimnates

e Positi.oning-Unit Device position receiver clock

t'8F PSR i"gﬁ‘i?‘“gﬁ hegieiey refprencpprsitining ieny203 v idukE slavp@ositioing signal
Zﬁﬂelwalfefoﬂnt Bviticnhe UniePaice preigort e@ivertiotht e, By taillowigalg:cPositioning-

\Wnit b@dﬂe 260ty foﬁ&@@é‘reﬂblﬁ@ﬂﬂﬁ%@ﬁh bi}ﬁeﬂag%ltlldﬁ@ clock bias caused by the local
urt her nor

Positio e oscil]ator 212

AP Per ﬁ%ﬂ%‘“ °S°t‘“ f%\ﬁ Fibemam regweﬁwtﬁ%twgawebsgb%seawsﬂwn
Feseiger 3 FIW!FS B Fepritviatd inelas grayoup dedayicyuend by fhq@sifiin sesei@r electronics.
group del ay caused by the position receiver

@0&9}[58%{3&'??03%“3% fn§$u§‘t es of a Positioning-Unit

Devi ce r'red enbodi nent
Bo P PregrheRbesingt BeytiopipasUnt RevicpsoBire-Lesk i feéragsci@nsmitiers using the
follewisgriotittobsiages:usi ng the fol I owi ng control states:
St ate 0: Reset Reset all hardware 40 12 State 1
PI ere Reference The Positioning-Unit Device CPU 211
|n| i afes a search for a reference posi tioni ng signal

Bog alhhardwaes
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Positioning-Unit Device position receiver 204. 5 State

2: Lock to Reference The Positioning-Unit Device

position receiver 204 acquires a reference positioning
signal 203 and reference transmtter 202 position and
time is denodul ated fromits pavigati on data conponent

by the Positioning-Unit 10 Device CPU 211. State 3:
Synehragiiz Refdnadve The Positioning-Unit Device CPU 211

thé: ﬁosfns}nn@ Ulru? We\flcg I‘CPGOﬁl{ %1%151&34 eal%‘l Ifog qmnc%ogaﬁonyng %1gna1 203 by the

% erence. positjoning S | gna navi gation d
c SRSoHRE it Dagce posttign prgiver 844k generator s then
initiated by the CPU 211. 15 State 4: Initialize Slave
The Positioning-Unit Device CPU 211 determnm nes an
appropriate and uni que PRN code sequence for this
particul ar Positioning-Unit Device 201 and assigns
t fPS 2prp telsffensequence to the Positioning-Unit Device
t MrrestlichibgUnidBGice pddidn ExiveEI®l adqiRiIRPGY e @d‘siﬁ&ﬂl@ sikar 208 B reference
I eiShiRhe® ppsﬂ@ll zl:nh Qrgé lp&mgdugi%@h'?r%gs%a\(éa&lngg ééﬁpogl?lt %hﬁe P%Qtioning-Unit
gg&}lgnhgg Unit Device oscillator
3 ﬁﬁ 4o the Posi tioning-Unit Device steered
transmtter clock 210 by the Positioning-Unit Device
Chlkle 2 1sknchribhibeSaseer ves to initialize the
Pﬂ%l Itolsﬁtﬂlng gll}]ltu Pl:vlice Q%}{l fl? wa:tsr ? nzrﬁlg\]v tftrecroarszecritémet agigl%anﬁnt with the reference

frequency proxi
f POSHRPing signalppvigeting d?‘@P’éP"é?Pé én H’éfﬁaltci"é?ﬁe'??@“or g Thgﬂwlateﬂ bgthe CPU 211
The Positioning-Unit Device CPU 211 al so assigns the
dg&ggqhﬁﬁgsPﬁN sequence to a free receiver channel in

t.he P03|t| vice position receiver 204. The
@‘(‘f‘é’ Pvern %fe ‘ﬂ’i’ 4 f’??‘i‘ﬁ“&‘f“?s ePPoBTafjsphunapRr RN G pfe sequence for this
f paptiquias r‘?@sylomgﬂélé Dedas G0rme endigrs Andii oddeupbeas ée Pesltigengldnit Device
tthaﬁsrrﬂ&ﬁ kdsi Qi dﬁﬁen“ﬂéqhengpyffs&efor thé @d?e?eﬂlet fo8tionid) 5igna1 EX}SO&C@L&% to the
tl%mﬁé %ggﬂ%\nce osmﬁato %12) tlS 0 %sls%r\n/ g tcP tges ﬂ’otnllo(r)lwg» Cée 7Y 8 F eeieé%ansmltter

oni ng- I on

-quék g}&@tﬂ}ed’ﬁqnﬁgn lttDeDé"vq:]tléZItlh'E\‘f sprﬁqsttq igigiglige ¢e Positioning-Unit Device
ttrapantittet 208 koOrTre@iency et iSipprd@mPaSIhe 5208 bs 1 freGe@ af the2lfarencd Positioning
S.:Eﬁ;l Qﬁ:&'5 Thdaﬁgﬂdnrng Ulﬁl B%ﬁe Bﬂ@ 2?p§lk gﬁé h9 d%ﬁ#]&led[ﬁﬁ\g s%&.]ence to a free

Lecel ver | initiates a Searc
56°§ﬂ"?.%aﬁ'fe 9 “?upﬁsﬁﬁngz‘t%‘ Dexpe pogitiqq. receiysx R04 Thegrecgiver chppgel 1s itialized
Podithd eme figiukdd pff@ewi qecupemidn ole poseivae ras A@4PosidapingUgs Device

ttﬁﬁ%mﬂdeﬂﬁﬁ infRed t& Jm@z& dkio® bﬁl&@iave%gﬁuo@lﬂéjslgﬂal Q&%[v &€ Posﬁ:@nmg—Umt Device
nav

05%103 ﬁeé:%\{er Zdét Tl}e %OS}HOH al%lrgt?%e 1cee Wg gltlgeslfrtéagsméSﬁg thg Crkavel.ﬁ(}éltlonmg
éﬁﬁuﬂwaneous integrated carrier phase (1CP)
nmeasurenents for the reference positioning signal 203
apd s. §JQ%§I§QS|t|on|ng signals 206 are initialized
ééeroeg di fferenced y%,the Positioning-Unit

R ogiorg Upit Peyise positipn reseivsr 3 initintgye seaygfjfas thelave psigippinggisnal 206.
val ue represents the frequency and phase difference
ket-weehk toltgvd €f erence 13 positioning signal 203 and
PR IR BRHPR AT e yB0 0 6RBind S98 206w o
clasttimp i deyeiyjated i itsegvigatienrdete pdmpersntt 0 t he
Positioning-Unit Device steered transmtter clock 210

%gw7ﬂﬁag&g%ﬁw9ﬁéﬁ&g,lgf di fference between the

reference positionin gnal 203 and the sl ave
qu@ﬁ?uﬁ 8te§1'FtW1er phase (ICP) 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
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206, thus maintaining Frequency Lock. 5 Alternatively

the received reference positioning signal frequency

of fset value, as nmeasured by the Positioning-Unit

Devi ce position receiver 204, can be fed directly to

the Positioning-Unit Device sieered transmtter clock

210 to create a so called "Frequency Tracki ng Systent

( PTSieningRiganl 03 ewitiediatepasiivmng siged] 26| acdatrol ?o])ﬁ)wﬂilrl’ﬂiﬂ PYsitioning unit device

erorbaie Sonﬁrlﬁ&slﬁr s %&%B’tmﬁ%f tb §1@ tPosQltmntgh;ﬁut IDAGR rHeQQi transm1tter1c60ck 216 to

r n L on S thus maintainin
S%%%gn %e?o @ renﬁ]begv%en t%e%%genrceeqﬂ)ﬂ lQPlé% s;*nﬁl@(ﬂ and the slave positioning signal

P& F‘FS(S‘HPH'@‘“%FTFQ‘*e“De[wPF’te oscillator 212 to be common
between position receiver 204 and transmtter 205.

Sh@&r%ti&ly & réekifed qgférgc@\é&lt&ﬁtgg f(énglcgeq &° ofRb &a\%aﬁ 7:%si %asured by the

ave krequenc IS ac Ireve

g?sfm“mén o %ﬁ‘éfevggsé‘f?“ HEveF @R heted dieslyde Bp Posiipgiggg it Device steered
s irgjwaiiter 08 2Hrteicrealy@ sexdalipd EFr@oint Troking Byst@d”gIFLs). TRGBGeraiaanshiter clock

acmuiply @nylad¥RR Sedueidy 38 oBhYindotn reg}eﬂ:\s, pos%l)dn@s%@ai ﬁ]g -thus maintaining
Rﬁfe&%ﬁp E(ﬁ:{( %lh%\{n%t# C%e@me% %10 li’tosmonm %ltﬁséaﬁlgeh?s?ﬁa&r lect? Becff?m?ixbbetween

Posj t |on|n? eered
i Bosigprgeeeier P andtarsiitgi2fe amount of tinme to bring the
reference and sl ave positioning signals into PRN code

ahtatgmmmemeﬂa&%dohmc@f flight value 209 is used to
reference-slave tine difference

t{))ncF gﬁjgv‘);&%fﬁeélce a[yee Fogry Lag § ashisyed fhetimg aﬁeaefnce between the reference
pl?%‘b%@aﬁlz@rﬂﬁéi elddle slagrmsitidning eigralca0b adn el adcurargly déabur@ragamg time bias
i almﬂﬁed h&&emivb €6ledSckas Schidll wﬁéﬂrtﬂe%glﬁcﬂfﬂ b f)a'ﬁ:e steered fransmitter

P ock 210,
(ﬁ)o%ic E qu{(&gd Hp *eéms?e:\ilnlmgn é}?é gelr ev é dﬁebr;}’g}rg%%ag slﬁ\a pf)sﬁté)nmg signals into

FR’%??&%@WF& E‘?@I fﬁlﬁ—Oé?]gltt érﬁlpe( 109 5y usedhiech il e yricmsgred peference-slave time
aditreneqnrerhove the @i efieyef@intSahal bropapdieh RhE aldald calculated time difference is

thed Qﬁ:mxf ats 53 E:lo&(l cgﬁelétlog :prthéc pJSltlQ‘ﬂ.rg rUﬁg %Ev? € steerr]c%qra smltter cl?oc { 519 d‘[he clock

-I;QI'I’CC 1011 1 h On% r eghee

pOST Tt onf NG 8"y R%rens f’&q“%"l"%w afkn‘i‘g tSP/‘“’r‘i"én ¢ §)r Pndl "PPIYIHB an additional
H@&‘G’PPE ffgef t?ethf’c oived apsmipgrtdipck 2ivefor € prede@mired trifm Derfvtlt TH additional
Hdguedcl BRBABRYs tlgdl&% szliHoﬁngTél 2680 1§ Vv 8 60 IR i? Be@&lneg nﬁe coherent with

QI%ggfgrgllce {?gsgrptter 02 tzme ase %a lzl-gci ?I‘\%: ﬁrépn?pﬁ?gsd the conirol loop is re-engaged.

PUETHir G edglegk ﬂﬂ bmcblp\@@bn sieams th Pasiipning 051t PRii¢e Gwietedtter 205 PRN code

genrewatatqubitamouacpi taé these AP MhilsQhaink@@e FRIBREL4LNI PS)
whi | st mai nt ai ni ng Frequency Lock. Code-Lock is based

PRN cqde, accura whi ch is inherently noisy.
e 18t Bses (P BR Gt rpesey. Shish isophsreytly st tIn @i mjer@h jembodiment
BlefiphaneRpsifigning-Ynit IRRINEs dibal @R cids@ist © asubSaikier O@kc lev@r Cycl e
level. 30 State 9: Reference/ Sl ave Phase Lock Once

C ave Frequency Lock and State 8

g&égq{ee%rgéc IEFW’%Q %‘)gé Lock a?e acﬁl eved, two tine
Erfeciale TSheferepce(Siapefremuenpyalociand tStalyed Rp@ren@(stamcodé Lock arc b8 ved, two
degeres sfihansn Mgl tatreadidil) § 290 dBerdeiphBe vigily mt@ a time-of-flight
phasg.pffset. 35 (1) Correcting a 180 degree phase
anbiguity: Data is denodul ated froma PRN code
positioning signal using a specialized
Ph &b eCdetihg 4 180 fegrevwhhst artignin Data isdadodalhtbd fth aPRNGOG (p&Rioning signal

Loop" using Qﬁae&\(ﬂ:?eﬁ @ﬁase'—]%gpl.ooﬁ %ﬁ] RloAH & u&e'lﬁ‘?i! ae‘sioLtéé Lqop”. The Costas Loop

i ncor, %autemﬁeeﬂ gree {) ase ann

t her eTOF &° L&A ’&clﬂ’fp?rét Sa?ﬁﬁo CRTEApase Hpdg Pi BHlithsigoesi gy paguize and track
Wi t h Pasifipaing sigegle vigh adlnlbqyg}mﬂtbjgllﬂym@allﬁalclﬁ arghjgnitereiestyitsgunl hfpyoximate
r epr esepitosccan tinPFa %i2ABHE TA 00,08 abBip RS SABe LebdiBd by reference to a
of fset at 2.4GHz. The Costas Loop anbiguity can be

resol ved by reference to a 14
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predet erm ned sequence of data bits, generally

referred to as a preanble, transmtted in the

navi gati on data conponent by transmitters within the

| ocati on network. \When the Costas Loop anbiguity is
resolved, an arbitrary fixed phase difference becones

evi dent between the position l4ecei ver phase registers

of the Frequency-Locked reference and sl ave

posi t i BRTCKEINT §raumes. of Phip dits, genigialy mfeyedpi s @ prfufide tiraiswitted in the
due t ondviggiomdtd tomadnit Phasenitks &ilhe 5 RMRonIBSbrk] Wheh M@ Costas Loop

si gnal ar?{%;hq} R re@&”ekjsﬂi glglﬂ“lrll'p fixeld ﬁas{ Qll‘f%]&w lﬁ,g)m‘gst eg[a?né é%tv:vee%\the position

bel ow. rrecting. Ti_nme-o ase |

fracti onar s&lre@miers r?gth‘éf reer bk pshrgiEence prpdssiaye pagitioning signals. This
presenﬁmﬁﬁéﬂm$eﬁ$ME“F@ﬁ@m@W@epp@@ﬁﬂw@mmmqmgmgnamﬂmdwammwdm
pr opagaé folwirgeky) higt.ween the reference transmtter
antenna 207 10 and the Positioning-Unit Device antenna

208. _The geonetrlcal di stance 209 between the

r ef éPefwEcting Fingiefiight Rpse Qftet: Ariactioenbtyelp Bing-afishimhase Qs is prsent due
can bet fhe pfeess@pbsiidniaesizaal propapeion deky YiWabitheGeErtricEfandiytet enna 207

(the integ QJSltlﬁrﬂlmrﬂ ch)s arfohre 200 THS 56911‘1&150@1(&;5{&1%@ %9 pedbdh Il:h% reference

cycle of nent

£ me- Otf‘a}lslmlert ? gle glgcénmg—?'flng?wcie gan %}ﬁr@prfsianée&aﬁ adwg‘)er &fylelplé carrier cycles
anount(g ]B!Fg?f 6???519’!% 218y w2t fraetiokah ovier gelortibe frictiabl component) 214. The
di st anipe-obaifinRar offldds fietiotd GRle b2 doffified 30th BPRRBWL L bmetrical

and t %taﬁg %Ettvéeg me I;lgere gy tpans%‘t\éll' :g:n € ag‘)? ?lh]P%.gfomfl%Ulgpgevwe antenna

i nt eger iwgﬁonent

Ref or A I alIsET oreRSiFa 1 e Romesisd g St SeforenctBlaveiGodselgek control sae
abov e destifited foacTc GagibnalconPomeriy hadoder, TOMETRItg bel cBirekteDin the State §
fine t@fe@ﬁe@@vferc%ﬁetlﬁ)g( dotk, th@nu§ttl?c¥eﬁnre8be cB?efcth ﬁqcbgr{-l%l pﬁla\égadjusunent

Code- Loc nd_nust _therefore correcte
carri g‘ﬁ lﬁe sergy ad H% BERE . (F-}S;l'ﬂse SlEPEEY G@ni’f‘ﬁl PW"&%% Bevice steered

Syste mar(squrftg) clqels Zléh’g dige dlewnddhe frauisiPe Grdtipralryely andmitt (from its currently
Devi c &e&b@ﬁiﬂﬂﬁxy [ﬂlisa%ﬂhaérﬁﬁeﬁﬁ agK1)288e)tSa ie%v%eb&ln@%\@ﬂne of-flight

th
er %ﬁ’agé élu& efh; T £ACQ B&P Bﬁlf 15 ?hen iy en%a%ed('ﬁlf? gtés,ltlaneufgelilnh]Dﬁ\g(g carrier

currently 20 neasured ar a
in st glﬁ'se(sf)’e pgﬁiaﬁl}lég sigig] 206 FERR e @ttl@erltW@w -Unit Device antenna 208 is now
ti me- efronplogiglhit synqbivaise with litd @eferdiae trahboifber R@CHrribOMRe pdskibding signal

is t h@tﬂanﬁtﬁg BEHOBUEE encd BB P ulehRRd719- Uni t Devi ce

L aye positioning signal 206 emanating
%%%&??%&”%°smFA§ﬁ?¥g Unit Device antenna 208 is now

Onteah of tbryibeva sthigs bavp fesh pabigved dlek GRIUL2AE debl@esr Thealiogirkmé the Positioning-Unit
DedansIul thegis ZDshisak ol @ nBN A s?&%ﬁ&z@ Nhigé SobiBRRE signal 215, The

DRk 0 [l TR 2194 O eneBUE i
EefszP’aP'éé’aﬁm 2 areacy @ Pigasesends. tatrepalifity) tpe i sebeteritiallyelsyond the
Fapaoiy dfenleriamnd. t he Positioning-Unit Device 201 begins
transm ssion of its now fully synchroni zed uni que
g§uéﬂ S@ nal 215. The Positioning-Unit Device
& £l i ng signal 215 is now chronol ogically
g‘y‘hECPYFfETWFl zabpdimgnttepph PositfogingetigeDevice amsmiist at wique? hitioning signal, which
tongidA S Qar)iiér&:&}npaﬁbnta@ bHdanor? todP h%&ﬁﬁtoﬁg§ na&a&ﬁﬂﬁpwrﬂp&ﬁéﬂt The

B conorti 1) %"‘% bo PR Esirat SpREarad 2Bl iy s
@ﬂ‘é’b d‘i“’nﬁ‘ﬂi“’de%&ﬁe PEERt imAliongls aially Benlifable t rothos fequency bands. The
mmdo.rmarp osibtd (BRN)RGHe Songhidtht, is MbHuEI upo® S kafrie coltbondnt, and consists of a

ﬁlﬁ][lér dofld sefuitP Qﬁlﬁn,ran be%lsﬁiﬁ&g@ %qpﬁegégu%om%r&oco ¢ sne%r%nc%‘sntra{lsmntted

& J&%%iﬂat'o$ data conpdnent .

PN TG SHPHRRC Pl fE?‘*‘FPCéqE‘é‘ﬁ?EV"%v &nyn & @adg Biviion Multiple Access
@Pyﬁ% 1k it well-Kopyntinge £t THekiwvighthdisacoipontn B pgbrictalyenformbtlon thodulated
of the present invention is equally applicable to

ot her frequency bands. The pseudorandom number (PRN)

code conponent is nodul ated upon the carrier

conponent, and consists of a wunique code sequence

whi ch can be di stingui shed anongst ot her pseudorandom
code sequences transmtted _
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by ot her devices on the same carrier frequency. This
technique is known as Code Division Miultiple Access 40
(CDVA), and is well-known in the art. The navigation

data conponent is proprietary information nodul ated 15
upon the pseudorandom code conponent, and provides a
comuni cations link to transf& navigation

informati on to Positioning-Unit Devices and roving

pOBTt PHRSPIBRULT &P compapsng 389 BAViden f semmnicationsiinl 19 frevistaivavigation
nef[fWE}PtIQﬂ toi RawitjoniRnittlievievs mg rdiing posenle@Bert. Bieadaliod ASormation may include

MestafR @i, Paditionih iR MRN&odatcRS %edaﬂh%ﬁg‘%ferehég Bf(m&gé;rhfonnatmn and

aggrd%hg%twggglred network dat a. Time-L
?lguratlonsaTlne Lock may be |nplenented i n many

dlfferent configurations. These configurations
| Ahecicbel; Configuratiossi Ngl e reference transmtter

brl"%d..@@c%t m e i i rI]l e@ég vice
e G

pl u?‘al ity B gEReE F*’d?ﬂ“ffgbfaﬂl?affm@wﬁlegéfsl’.osﬂmnsvmf@v@ceor
mor & r ef dsieglerefeercammiitet Eodcalginpad plasility sTGostiltiUGR Devices.

i nt er medioad of m%ﬁfe&h@%ﬂﬂﬁ&“&dc%ﬁ thrugh méﬂneﬁhrpll’ogi{n&knh Wn Devices
of peferg casting to one or

Position ﬁﬁlgti%l Eﬁel} %Jt;arlesm%erégrg%gaftwg torggeé)r fl?rBFPS]P?nﬁlé Umt DCVICGS
synchr onf% P%@ﬂ”%@@@ﬁg?@m@%ference transmtter
broadcasting to a single Positioning- Un|t Device. 15 A

SA B%I@refeﬁfu% 'hglﬁﬁnﬁte; ﬁr@d&&%.\tsg'iﬂ si %@ I}osq%mlﬁl > Hi 891 br oadcast
ositionin r1 % 1

a, r.ef nce
F’?) sitigle rgfﬁ renﬁ 1 Slrjﬁrfe'f caw\ﬁ 8&: brnglc&stt a ?fe§ﬁ:6w§mg1mg signal to a single Positioning-
F‘é)‘%tl Qel"m'] IFWg2 Shvive a Pesiriprdig-Uh@ Degivet 20 bidetedddt a dndi Gdbftion, and a reference

| e iteOTD2 aBdGudted e l@lf)\ﬁnlﬁﬁtlor{t 'ﬁ@%m&]}n@ﬁm?&%ﬁaﬁﬁ %ccwes the reference

; ca I.oNni ng-

%’eg llxjoq{nE g%r%I 20"-3'l tl%(pl\g/ gg:l tiyﬁl'néa rrgtlerfarg:? gw&rgltter ﬁg?s?mfi It}6 I’flaﬁg‘:'o§flcﬁﬁé |Slgnal 2066
iﬁ%smft’ie%\'i’fs‘i‘ﬁ Pt"‘t“é’ﬂm%‘}mtt%@cerﬁéﬁ@rt@r?@é It 1esponsqth the @eeivBDRferanmel positioning
tshgeal S03evePosid@ing-UaiNDege 201gBBINInDGe refofoidd pbitibliRighY plofation delay

aﬁﬁ 'aﬁd' éi’:pﬁepgn Hﬂiolma et DGR c[)nrretcttlo% Mo chr%lo!gcpall r %ﬁ&iﬁge the carrier

reference positionin
c%népoly:o% Iwilcius hl}\llﬁ a)dmpl{’ontgéﬂ ta sppoprat ob Fwtﬂr@gly gﬁerated slave positioning
i1k 08 icthe qomisr cothpmEn BRN¢odn@npdpent patyat: k@iporda lofdle re2@Re transmitter
atsdiosiR g 3032 The MﬁB%rUnﬁml& rs@o@eﬁﬁ@nﬁ tﬁﬁsmﬁl aotﬁﬁue posmonm%sngnal 215,
%l{:ﬂ 1@ %&nglgglctal? cgronr,l_];%\tlo LG re y G h ! {?2”' o et € car
conmponent , - uni g & TE"AG FHERERN Y Wrisedat a
component of its internally generated slave

pes pasitiongnignalSargivd bufiRf 6 Betdriige £ ﬁJsﬁlbr?JoluE&lrﬂp Q %BE positidhreceiver.
ﬁ@\ﬂs@erci@fﬂp RERR trafdfifler 4L @A&ga‘mﬁ]{e L Lﬂ%keg Posxtlonmg%ﬂnt Device SIgnaI

sn1tter sl t1onin
S B S sy e g e ors s gostion v
gpmd@}m:}al pesiietranging spce &ir gevavent@dd code-BloedBPB SdfiibnS
chronologically synchronized to the reference
SlQ?@F(m&hm%%E th $ase 05|t|on|n signals are
not SUTTT 1 SRYTE Peaturg tﬂé"'él"a jgef ?‘F‘Bﬂ“@ PRS- i n a
P 80519 1gTens6s8 [ranprediter pap beaissdeq form dHtmeRkef Posifidning eit Dafcarancephrality of
RosigionngiUntt DévicksSs il cIAAASY o &k Rkekdnde@radsiier 11 Me- Locked
P05|t|on|ng Unit Device signal wll be synchronous
S time to picosecond |evel, and therefore can
ﬁg‘% -Lﬁ‘é‘as byl ef Fotitiogine-PritRqvisesrsitanied agi@owmlogatiahs B910in&301-2, and a
pferenst SesmigignGhhako sioed e afkadwndoGia Ve Phsiidmle-HAARiQAIA & 301-2

16 BOlettlehd@ Besntt@hu%' 51}941 9}3%‘2{5%&@%‘@%4 @%mrt Emel n?otz. In response to the

Posi t1onin
rBeBACEERI, i 05 e fothonneTin Pl S Besopgelgomys i
TESPRCHe iehd tPiesRion fdelpoiit j o APMAY frbdmttte rBlervtice essrifie (30Rand applies an
plurality of Positioning-Unit Devices is in clear
view of the reference transmtter. 35 FIG 3 shows a
plurality of Positioning-Unit Devices situated at
known | ocations 301-1 & 301-2, and a
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reference transmtter 302 also situated at a known

| ocati on. The Positioning-Unit Devices 301-1 & 301-2
receive the reference positioning signal 303

transmtted by the reference transmtter 302. In

response to the received reference positioning signa

303 each Positioning-Unit Deviéce 301-1 & 301-2

determnes its 40 respective signal propagation delay
3@RProprize tmpmitior opkyieirecicn t ehtaaplogicaly syrchrpriavithe caier §@Romgmicnique PRN
ap@k icesposent, 1@ GRPOOIMINALE thbiF ARG Eeﬁd!rate@ RS Hon®o rsfgﬁ(éttb QiE carrier

t Qonﬁ)bl{‘egnqugaeQ%doXeném(ﬁgg %pé‘ﬁla to{}g rgiarér{‘cé l?a&snﬁt%?&%? nmg 'signal 303.

E ?4 ﬁ onen ta co
Bl PP oS 6 P8 PHARLS- | & 3 which re
C épwplemcally@mamw the PRINne oehemiga Affoimetnte, and dat a

conponent of the refer ence transmtter positioning

Sbgmlmog’quf rencgﬂ&lgmlagr roa Qsltl%hro 0%1 nftermﬁtil%;(g:‘tl&ﬂ I%nit Devices.

subsequently transmts
38@ of m&regﬁsssgcm%ddﬁerglpeemwrﬁeﬁr%w ugeé,tq;@pq :ynetwork of Positioning-Unit
sDevicks onborted! Eositidning Unie Devien 6éngt & aR&Midwt &2 B@nce transmitter. I this

t boﬂﬁ-‘éﬁﬂﬁiﬁ the g Sdnal mﬁs@adgdelﬁa(?&%%:fﬁoétﬂﬁﬂ% l%!%tﬁ'{eﬁce_s When an intermediary

h interned ar
ChOREE Ut st rg Sy PP Brisete e i ety
t PosiHapipp-UnitPayicgss heipyefeigure ppsitioningsigr. a net wor k of
Posi tioning-Unit Devices, wthout all

Pﬁ§' J éh%'aqgerérfpel JansRﬁt\éxl cﬁ}? ‘F’ltu?t%{gg ]morr& ?oca%o and a‘:ﬁéstt Qfglﬁlotfuﬁ-Um{ Device

reference transm cont
t¢1ﬂﬁflﬂ)gsm§1fea ﬁmknqwg lo&zglgrt gEFetHst vpsiioning Init fAayige dﬂzyrecewes the positioning signal
PO frannoited ingthd JeferbncOeminGies 401 \W spoatoitid keediviiE Bfe@Aids positioning signal 403

RS frbel @Hﬁzdﬂﬁg Uﬁli bevD@ “bzcgete%ﬁejs %ees?gm;ll- ' p%agktgg Kela rglbsﬁ%gll'ltﬁp feference
Posi ttger EHI Il a Devi CeSt can use . this 1nt errFE

PoST T N ﬁg BRIT Bt eR? eagl"“(krféfref“q“ & Sremiedcapy §)i“’f}1"15‘ﬁ? fftg camier

sCP’gl??a‘?m urpjueSPRN| codegmponent, ek data eerapenetitrofiinstratlpgenedfid! positioning signal

Sb ihelatrRebompondkt, KNOMWAe doREdAtdt Rl dald @(%p@ncﬁt lof tRd reference transmitter positioning

P%ﬁeh hdSo'ﬁle Qigst H@Jtlgmln%)%m]; Bgvu:e %%.osugse entl nan%l’{lj% %?IEIE%\PO%%W&%?@“ 405,

known [ ocat | on
MKk \9}5@"'95‘1%“}%@?“?‘1‘?6‘?1‘1" Hﬁ %W&Pﬂsﬂ{‘)‘?} 491rtmq@m tted by the
reference transmtter 401. In response to the received

rAef‘:&(;rB Yeio I'JrItt' ﬂé@lh@g)ﬁssingﬁglat a Qr%wn tlclgzﬁlm]: bP] Sthot in view of the reference
oni ng 402 determ nes al

6"3““’"“@%{%‘%%4‘ %”Ie é‘&f‘gﬁﬂ&bsf'?"fi?ﬁ Cf"ﬁ%d by Spildog ﬁ%’esubequ%f%g FFP4ifeppositioning
gigrp! 408 om fhp firsidPgsitipningalpninTispicd 492.6n ©4paGKto GO recaped posifioning signal 405 the

. Gdabra mﬁﬂlt@@ﬁgqﬂﬁt |D,év1&)45@d@fe9ﬁie§ fhe Elgﬁl C‘ﬁﬁggﬁﬁoﬁ Belay qm@ﬁmt Posmonmg

Ui S 8RR Lo SOTREHE o e e
EomPPR ey unzﬂberﬁ’g%’ ?ﬁcomanm e deia ey efits intenaldy adeetated positioning signal
cohaniendompient, RN k& @dngiafet, kidARS BandpbiRkt oPAS fidsd IQElhdﬂﬁg-Umt Device
ﬁésﬁ’i@rﬂg sé&ﬁws mgsegolna ﬁotsmf 91% IUtnlt BWIC@ gDGlSJrUsequent yvtll'ags%ntsga unllque positioning

Isf uent transmts a
mrfe ling 2 E3eh ﬁ‘lﬁ‘}pﬁ‘ﬁ’f“c EW )9°d§ yﬂ’@ﬁlf%‘n?ﬂi‘é’a‘a remaeprat. This unique
Ptéi’ﬂemmgeal #Hi8ain shmntloginllyJQdchionineg lade firstRosHiaia@Unit Device 402 timebase,
Pasi it éls@ BhréhGrodiint sleﬁ'\e‘ﬂlﬁ:Q to W PefSdnbdtBhsEfeih1 BnelsROWN
| ocation, but not in view of the reference 25
positioning signals 410 due to signal obstruction
£ Blysaliy optefepante) teg kst teaPYoad eagfing dapre prtokoye Rosii@iingdmit Devices.
P OBiality GfMime §ynehirgBailrefdéhte tahisiifielslom bt bseSib brE’éa&httréf&&ch}gmMﬂth signals

t@%}{é &Qno%qgsmohigg {Jrﬁtsi&zgi@egel tthqs (t.ml?te UI[dtleO%el Vrg f:re&m%naf en&bsggrces such as

secon osi t1 ohi ng

%’é@ﬁf‘%@"’?’l’? © dslaynep bp Pﬁ&g@a&%w rs%qerag/ Aty fnimpieee timebase
#wng Positioning- Unit Device 402 and applies an
appropriate clock correction to chronol ogically
synchroni ze the carrier conponent, unique PRN code
conponent, and data conponent of its internally
generated positioning signal 30 to the carrier
conmponent, PRN code conponent, and data conponent .of
the first Positioning-Unit Device positioning signa
405. The second Positioning-Unit Device 406
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35 A plurality of reference transmtters broadcasting

to one or nore Positioning-Unit Devices. Aplurality

of time-synchronized reference transmtters can be

used to broadcast reference positioning signals to

one or nore Positioning-Unit Devices. In this
configuration any reference siignal error sources, such

as multipath and tropospheric delay, can be averaged

bet ween reference transmitters to inprove tinebase 40
ad@ursabyws alPsitbohitg-Ult BRDWWS013:iRRS lal 4 RS Goailbh, End[ﬁ){ﬁrﬂ@ of reference
5%sz§in€r§1§a§ Q% 5%&-2 Qvnl}l( &%\Man llgeﬁﬁgs% %p%taagéa% lamprLl%Icrata 1008, t['Xe I%smomng Unit

transmtters 50
ﬁ%%g@l recegfsglg rgf?rfnaed)(ogwma% Slﬁ]ﬁ%l |563C?atfain§51w§d bymeereference transmitters
Pé%’rlt §: 6P g regninte to e verdied BBfknae posionigssighdl 603 1¢ BB r2emesitioning-Unit

P OStide IS@INEE GinSs t@@@lal &dzaton da% 503-11e YRS Fhek Ea@‘pre@r}!ncs Pfsmitter 502-1 &
r ‘§5262’ zﬁ:@ gp%llets é.@n%%ygnage cliock correcgl n t:!i cg ) %glcag é}incrzl'gﬁ gg%rcefg cc%mponent

recel ve positi1 oni
t H’éq“PB’%Ti' T°F%°HWPPQCHUFﬂdtda‘a ?B@Wﬂelé oftji9 intepelly @enaietadnpsitidning siinginathe carrier
prapagas iPBN cote| cayndBand dita Bliponentf 6f0H8 @D GktertRd RMEMNER positioning

t g m?»tlt@gm&ol%e ﬂosf%onuéggut %e@n@ gOl%%&qheﬁﬁ’y tﬂﬂsmﬂp?lgngﬁc! lhﬁao%mg signal
J50(% ls C S synchr E € o a Gée ﬁfy o tt%rs & 502-2,
cAPT| &t conﬁ ﬁﬂ? W@‘ﬁﬂﬁ“ﬁB 6ﬁﬁﬁﬁ%ﬁ¥ ad

data conponent of its internally generated positioning
sP@n@bsitbDTamd@odkar ri er conponents, PRN code
CQ mﬂﬂmtlﬁlt @\ng 19 a‘fils% apgb?en%éyn c‘o:nfc’zmﬁo a%%%o%%\%e%%gven eut t%f‘h%zometncal

transmtter positionrn

PO (s TeRrgRasiionme pigngl Pé‘)@agﬁm d%b@@vqmﬁwnye trapsi Y Sosigioning-Unit
ulPrvigel éen}xd@m‘m Gori thig elsbog:malt of $fe;LoakktQbusti Bur Time-Locked Positioning-Unit
CHvVRAMQ B i A )’th§%E19Jﬁﬁ1Q Bhie8icl Qeg&ulﬂ'g 1d én@ﬁp&%{% seﬁ' Rl?veys its three-

. Pol nt OS It
Rt BB St i ok ARG Do
SAPHER rethierdlasigofises. The PesitionineRinit Devidh piionnedeing wibcktoff@t accurately provides

gReoaRt thieQ@lative 15 udi ISJaﬁﬂﬁiﬁor( fe@eﬁv@rr S4E whie b 'P@ﬂleﬁgg @dl@ﬁ@lce slave
REARAOALL 90 Heb BNl DSLYGeR, &8 ¢ T B e pbpaant e pd P& Bhing-uni

Posj t1 oni ng
é?‘?b‘&eo‘fsi’fé’rft“g%f’°"ﬁ°ﬁ”é“ L@wmn ot SrcuriogIowoTk free o skpiscbecond level, o
Fearsbility utiisaghstlutiblly beyDRMieCRRci UKol systBmyvi ew. The
Positioning-Unit Device, requiring to enter the
X§$E sel f-surveys its three- dinensional position
RS i ng a single point position, which
b o piredubedindie iggict freomiitrgis bide ADeigrentatjonSyisth GMAAS) Satellite.

Ve s\itﬁﬁtes&l-e%@dﬁtat%ﬁirﬁ&ﬁnmun-ﬁaﬁong Qﬁihtek Q«ﬂﬂclptgmyﬁt' drs Qﬁl‘élleﬁﬁl corrections to

fset accurat oV
Eig§ l‘e&éw‘&g \ﬁﬁ&es telEth afso t(r)ansniﬂ ufnﬁue pf)sgt?%lg S&B@ %/ tlhg{(‘P rLé é:gpv g?quency of
df%&%&‘)‘ﬂz Wﬁf B‘Hq“P Resitiogiag vigneinib Aegureirly synEheapizetetosFESvine, with corrections

browided Ifar UE.r Therefbre, 4SIRA ASsatellite D@IGHINALE rifatndOksnliteMMRBIS B synchronous

tonelwWdBa Rh&f ARG fRedi ment the Positioni ng- Uni t
Device uses a single point carrier solution to

determ ne accurate network tinme to the picosecond
Inetipeprefersgd erg@gjmbyt b PesyriottingelinitiDevigpostion nictiat Inyorfopyomeind fereceiving

pRBaGgt pnddf frcﬁf ¥t P@sﬁtfon 1t%1ces%5th%—[5ﬁfhf bl Gid !ﬂﬂl posmonmg

e rre r ef erencetransmtter 1S
e i 2R EXRIP R 8 ¢ e g s Dy e o
?’éﬁélSP‘Flﬁt@s’“ arr%.ferfglewwmlttmw ime-borirLif | 249k olaws positioning signal to the
535 €IMHztvesAS pdsitighlhg tsizibn %&Lo@?ﬁt\ﬂabﬁ 8ih80 eArAdr frequencies is initiated by

&)Qérénﬁ}c ti&vv(ﬁq:gnvgrﬁng &3 ﬁc&&? eWAﬁE gand %ngo mttlhlv}c%e;sgrz_i‘eﬁs 10 a common

ni I tionin [

e??ﬂﬁ gfqu‘fnf)’elg the ﬁ&%}lmalfog?ng_té)ggce@zW recejy§y. g‘quﬁ,p@fusghen petformed with the
Ip@@ﬂﬁt lreyivhispodessribpd afohérant dopmieoratrgidnyreqaiyed alirraai cd@ithtobsdn (BPBositioning-
time, with corrections 30 provided for UTC. Therefore,
a WAAS satellite nmakes an ideal reference transmtter,
which is synchronous to the world standard tinebase
of UTC. In the preferred embodi nent a Positioning-Unit
Devi ce position receiver incorporates neans for
recei vi ng
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positioning signals from other Positioning-Unit

Devices in the 2.4GHz | SM band, and al so positioning

35 signals from WAAS and GNSS satellites in the L band

frequencies. A Positioning-Unit Device may use a WAAS

satellite as a reference transmtter and Tine-Lock its

2 4GHz sl ave positioning sign#l to the 1575.42M4z
[P05|t|on|n nal . Ti me-Lock between disparate

caiiﬂifi SYcefRPEiy é‘ﬁEYeéé? ¢ riyepifiom gt oEmeR oscitinth dp @ tprefrred embodiment the

d g emilletort sempgptct Herk iinfre@atibmigr AVAADpoamd oPQBdsihdm&@-IUﬂig P&tk tincluding

Denéi peftiof ddedivel irdnsthiler Qn&&mﬁocegﬂg gha Ege. igsgsoagcila_gr I”% delgy {(pgken into

Pg(?hmaera%on \Er]f% gtjyrr}lﬁ%tgiag mtert i}%qlteﬁ l t IIT%gct %g%g&e\éﬁsrgmtedﬁfgqv?paths of the WAAS
dé%dé’f’i“b’é% U‘(&ﬂ?@?“éi’ftwr Hewmcisorivérdivosnvesgui res the | ocal
oscillators in the Positioning 18 Unit Device p03|t|on

r ﬁ@f@'ﬁ‘lﬁ/gerrow @ FR? GdﬁdSl}{(ﬁlﬂF ‘JFnP B]avzi‘ce Q(HTID Ebl (ES?(]I; |£ %&—4‘ are gl ceE] in known

enhodi nent bsci'l gener
C P PR S5 PPl P s s o o f s G021 & o2
Pd gridfor telhuiidings plidtl SD@FR.dlopquired ol diretiiongl rectiemniams 604i10604-2, 604-3 & 604-4

I ML incbrpadddd With leRh Posﬂﬂﬁngclﬁmtlfe@itzc QC@§§i a8l Wbdh-4 and directed

E%ﬁgﬁi p %e%&z?g'naﬁlwvm rsat}:'h?te 90% l(tﬁ%&hatFx ‘Eéiﬁlt“?“?lé’at?f@ﬁ 6&7 preferred but not essential
Tiontge 'E%‘E’R) Deplgwing dae@irﬁ@ apfenspyaen Besisionined Bt Peviqesitensto oftightisultipath and

Vitp@ve ieceraitsigna 3o falis® PLieGhf WhR WA ASCNEnQEwIGATiK tul improves reference timebase

f C si mt vi - f
4 Wlﬁgﬂgg’glt{aﬁdgggﬁﬁ :% [5% %Iqstwp Be%\elil’]y %Blsi 8;”60 4 Gl rl%(? %égeow.ék%satelhte

656513314‘ %8S BFApgy PR o P‘-’(S‘i’%k ek WOEF%QPCCW%WA position
OfceiviTE07IRN by mvdbstpimng0ics sittpiteyl inside :huddiR 6@ THE GG ASIs@NBe Sdialla06 cannot
Afeneftiie ﬂl@iﬂul&fg 609 duk & 1t§f@@sénal‘%m§@ %owgvetaﬁgélgﬁ gtUﬁ'#t bewce SIgnals 610-1, 610-

i irection
i, BB g g i 13 415 8 L8 g vense e
Arildine§89 quptoghe glpss preximify. The pesitishrerivsi €07 b iprhip-obrvheivinD@ysitosing Unit
OB tieclpositaihg AgnalSfdchr a8 fofir Bldifionthg AR DW]CES?G&&QHOJS P& Ginge point position

gﬁt@ﬁﬁjﬁtﬁﬁh%%&ﬁlte%eé %%lgils ! ﬁlt gdmog éigebtp% llilogip?n recen%er 607 hzls calculated a

g ant ennas are pretre

' fpgﬁﬁl()fl B utl%{.lﬁ(aff)l e %ﬁm@%af@w&r ’Fi@@fefeetniazpnnme@qﬁqq%so @ﬁw:des precision

ROEtie gmsfrgn rllitc oPbyddegipnd Bbipsret Ghchthe PGBibiEreddié: 667 R the building

a0 SIgﬂaﬁmoﬁVaﬁy F&ﬁi@d]ﬂé@ﬂu %ﬁ&?kﬂltlo ﬁtﬁcﬁl 8- 3r§t6blo43 \BQXASt tlites 605, or
n.turn S re erencet|ne ase

VRS [ QV
accu ?agég%s méia?‘g ﬁan ¢ “seclt? i ?i‘d’“U?iF "Bgﬁ‘is'é‘%“ iR, pddingpsition integrity to
&9 pedsstrialgs cglgated pofitipe- Locks to the WAAS satellite 15

signal 606, thus creating a precision UTC synchroni zed

@,ﬁgm‘j WAA'%RQ}& econd accuracy. A position receiver
/ lhy 5 %%strian 608 is situated inside a

%fi“i‘“dign‘a“f °°S ‘Pi‘iifd Rocdear it eff the WAASsellity me0Bsocbamprdtas intermediary
pérrotersighal iy @ahﬁb trtodlineng P&BIBnikIMitDOvidek Hat ki@ Wable @ Rddive WAAS satellite

REHAR hay E@M@M\%&iary %@&ﬂ;oﬁé @%tﬂ&nglt‘{gu DeQ@e\! Lscd?eu%ilmgl@%le e ?ollge ]I'herefore
from

R pae déé’%“% “f%'é‘f“‘éhe ngRyFk githogt ﬂé@%ﬁlﬁiﬂl&é‘iﬁyﬂ?ﬁéﬁ@e pededn qiqieview of

@&P@GﬁﬁdW%QQMQUe to their close proximity. The

position receiver 607 is capable of receiving

E@ﬁ-J 20 Device positioning signals from
bl%ﬁ@l “Hﬁ&h“i% -Unit Devices, which allows

’ﬁﬁ*@&i"gté’f %Wﬁéﬁ gatelinabeipgryarilobley f is pepirable fhetratledsione RopitioningUnit Device

maided ke ttinclps Foul d adwor gif Gogitionth HURE Dtided) IRefeBE Govk BREFIG. 7, a first

m%ntng-‘@ﬂit 'D@ﬁc%' e Enuﬁgl Q%ﬁow(ﬁq)cg g:hqg r?eg?ﬂg[ede Fﬁoﬂ?é Lfﬁﬁ-rence transmitter and

creales a te 1%6?1“ @f i€ accuy
PSRN “i‘f&‘ﬁ? SoHRER Ly gspezpted clogk 8% dwe alé%eq“ﬁfrt Besitigniggr{Unit Devices
& 04 ﬁ%at'tdraaiﬁlsimelpcailqns Bmt-bick tottig fing Bésitiokdrgk-Unét @Pedda Seference positioning
Moreover, when the Position receiver 607 exits the .
buil ding 609, signals fromany Positioning-Unit
Devi ces 601-1, 601-2, 601-3 & 601-4, WAAS satellites
605, or 25 GNSS satellites in view can be used to form
an overdeterm ned position solution, adding position
integrity to the pedestrians cal cul ated position.
I ntermedi ary WAAS Reference Positioning-Unit Devices
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signals may use internedi ary "backbone"

Positioning-Unit Devices as their tine reference

source. Therefore, UTC may be distributed throughout

the network without all Positioning-Unit Devices being

in clear view of the reference WAAS satellite. 35

Posi tioning-Unit Device ReferBnce In the event of a

WAAS satellite not being available, it is preferable

t 15ig0al 35 4 foutPosiiquingsgniDeyienvion qrhicnis situmehal elmowiplpatiindeigut of range of
t lte first Posibiae- UfiioDeviae 706 T ocka o tRQSdodd FodkioRige- Uik Bevice unique positioning

D@%ha@ﬁﬁ’ ThB@ftn@ kne 's;@tgm BRWs E&urE L gﬁcatzﬂi tife &:Jn{fé? tthrfigﬁh intermediary Positioning-

Pg§t in Uni t. Devi ce uat ed
| SR P ‘%‘“%%F‘&ﬁ T s TPt wring FES P e omonited by

a ﬂ](HPOS@?D@’a'tUe%DQI1°§WE°@’ﬁﬂh 703el9d$e706 pnd mabietpsntly ndl@iatsed single point position
0 en@iod FatlerChOGle cai@Bited I\/t& p‘éythﬁ RQ4RMo0s Rﬂﬁﬂe Eﬁr@ﬁfoélglliméhronous with

Dﬁl\é't&@éﬂ: QOJ Q&hcﬁ‘tlz refer%nc&ll!'os.ltionm aLtImtIgl %01 % algagrary time value of the

éefeé?‘fé’n%"ék 6‘83‘V*ihiﬂdilﬁ Pogitiongiediniy rwwems 15 0 1p Gonetabence If the use is only
Ew#@ef)wﬁmﬂﬁm idéteni@aripe @f tHDGer vidhésGie ialzmSdnt M&t@ﬂ)battmﬁbase then the
D T L
Posi tioni ng-Unit Device unique positioning signal
7Rypitionfpecinitisyice Refaesnos stsarairhy fINSB Umebasc ur at e cascaded
t innie etehedll s WARS tarTiel ikl hdd baie MRAILLRS 3hd B%ﬁhgnﬂ tOh klagl' tinkdBdsd is necessary

%}/ hé géworl?ﬂ%é Iyr‘!:fé?zl%lerﬂ?ag g ¥e¥e?ernce l%smonm%ﬁmt %@3 Be steﬁréd to UTC by a GNSS

nﬁ synchronous positionin
t?"?f Bt §EG UPSPass regiites aRosifiqn, r%fﬁrfqﬁgwswe@ atRdyadasatiop, te/fomppte a time
70ltion 2GRy at Te@stlone &NTFH) Gitchird Tisk B @GS il theyord@AF GO ha@AbLSn@ are achievable

Stls{?lg Ehﬁ t&ﬁ"ldﬂg RQQﬁé ﬁlﬁeoa@cura%pll)ewelenof%mtmﬁﬁlé {Jn%ewccfs cthlagl:"T ime-Locked to
ere ere CeFOSItIOn lll I o g Vel 1

c ronol ogl cal F @Vﬁﬁ%r ﬁﬁﬁ@”ﬁ*ﬁﬂwwﬁﬁﬁhwaerence cl ock

702 of the ref erence Positioning-Unit Device 701. The

amnfber-Nerasry résiidsowdbise of the reference clock 702

VA tpmfanty tolﬁ ?efel;> 9% thsg'n ers q'nag*J ri:'etuselaeto cre%e ilfzmilté d}? \ﬁlt?rﬁmous networks. An

consequence |

ﬁ‘Btg'imf"ioEfﬁ‘etﬂg]f Bas i3 Wﬁt“f“@)‘ﬁ m“FlTaset ﬁ]EChU%%P“W hibsrefeieppp transmitter. Position
atcpiganntha are winikthd withgyl acigle alitbrndmBA a@work B@ [etéhiBe pokflon, velocity, and time
(24s] ruﬁl%%mglL %ﬁk oZQ& sWutﬁotﬂl 'ﬂ'le ‘iocgﬁ"ior[ @Jeggr% %g‘lgwﬂl be dete ined relative to the
Posg qmgq % & need to

ok e foR & °t?ﬁ‘fe ’ % &!f"ﬁe?"é# ‘ﬁE’éd @ %t@r"éwowomsolmwn
PO €P§‘é"e13 rﬁhat Feelocatgat the dpundaryVEAB sitmtiaplohs etgrorss, grilakceinidg positioning

sighaB Jrom\Paditlonil-Bhit mﬂa:s abh GQMOMS Gt anJt @Rakuish 'bé!@é%ﬁ‘ﬁ@ thohetwork
efera

'ﬁ%

e%g%?:%e dﬁ’%@fn onl Iﬁ’é’ “tﬂnﬁt'g Cfile?fl d?:sénng s 8% lgtgf"éta’(”ﬁ((? 035‘?@%‘3/““ and
56qu§°“1@°§1?%@6%‘§@° 1l NS S singlatistsbascand epgly iclodkgorgections to the second
poehateibefire copp@inyingle P8 pdsitionwiial a known | ocation, to
conpute a time solution using at |east one GNSS

ﬁ1% ré'ﬁ' Ti me accuracies in the order of 50
- Hano8eth

Feredpen destioattrieDevieise npliledetyerk fmrigenson (Network 1D)
Réimpation i thejr presweale daty Meryorl @D wveapn thPeefichdeaink ngprdoliiedtivity of Positioning-
DﬁVD@\Q&sr,] siMi'tlﬁah P@ﬁ:&m@lﬂﬁ ﬂe@i% %gd bfitiort llac%wgrgfczﬁlr cﬁ{éﬁrgrgaetge origin and
DR B b e i ok B R P ol gl =
B itiprifegind H??é'cet 9 prsitiph treceives loratgd #ehe urfiary f tweeattaonapus networks to
frkermiad whigh @bsitianiiedRG NDdYResn Gtk VWDSodfiod Wih eadbl OARSIDMA therefore which
ﬂﬁil&ﬁfgkml? @)@vxdeg équgm?cy Q(.lanq-%n twktﬁ‘[x? Rgrov%]%%osnlufg reclfei%er 8031t10n calculations.

erence_transm

rate
g”é@ Tcis ‘{“K BEviea Foee et Repure b pfermtian 5%@%@%"%(1%6% Qevices in

network can determ ne position, velocity, and tine
(PVT) using a single point position solution. The
position receiver's tine will be determned rel ative
to the 25 network tinebase (i.e. the reference
transmtter clock) and is terned an intra-network
position solution. Position receivers that are

| ocated at the boundary of two aut ononpus networks,
and receiving positioning signals from
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requires a roving position receiver to first chose a
single tinebase and apply clock corrections to the

second 30 tinmebase before conmputing a single point
position solution. In the preferred enbodi nent,

Posi tioning-Unit Devices al so include network
identification (Network I.D. )20 information in their
network data. Network |I.D. maps the reference-tine

i Miewreion@ose aehdrajes ol rRegitstits oW MegrorkUDi bfofdatidn €egl othed Pedtioning-Unit
t Dicea8ibiileQBiiddgreMibd DRV Ces and posi tion recei vers

can determne the origin and 35 netaphorical "lineage"

of reference clock data for each Positioning-Unit

DB nphto fiCefythery fidepicggl [Mnatongmouprsarkis offioitipnitun it IReivds 8@ & 802,
OPosjtiodigtUniD fevice @I 8M1-2) A€ 80 Qdread vidwuE ordd %&%ﬁd’coﬂﬁluﬂldﬁ@ to each other
auk 9&95@%%1&@8\0@{ l$c§3 1 Qnd 085 SRR iﬁ‘{ﬂﬁ &Hces 802:1, 802-2, and 8023 arc in

Pasi ti oni nﬁ “L Devi ces are assotlate

nEFWOT R "SHY PhOPBrERE el piher B8 Spsitioniis Sgrluttd: 1494 w8043 A
r BagtipningUeit Bevice siyptrdostri tgnbowidiriofithé tve netgurks§91-P 0bitds @bitioning-Unit
I B&E poitionAQ ﬁglﬁilk 13- 3@@&1@&'&@5@%&0& P@Qﬂng&ﬂﬁtldeh&%bﬂganwﬂl'egsures the

[ﬁ%e'bfﬁgd ff&e%?e $& cﬁ)cll\p%hw the l3eyar:.~=:nt network ¥ug%as espgclyl H) 1fs r?wn network 801

ositionin
r Ehshske d’éﬂ‘é’i‘“&& Bﬁ’éfet%“kﬁs‘fﬁlws icloek empprctipgst bt 4djapnt-network
i PebidmivgUnioPevic® 8@-1, sca2hee B02RGS itd efiBik dga, WRitH is infdRpéiaR@ f i@ pditioning

rs@g\ﬁl @@ 3p@)§1h(tning E]grﬁl@ ﬁ'ﬁlll Xn%)’ oqx‘ie Juﬂice\lz{ E%rk%gsgtl%ﬁnggl Uk lﬁ‘g{g gh Z% needs to be

t Wo aut ononous net wor

F;acewetd Bﬁosﬁﬁn%lﬂrilt Eﬁg% %)ég wgﬁll ongzmg szwo% correction value, as all clocks in an
PaSTIomeYs etk dohiine cohmeitclughe8 e, dnly BOHosifgningtidit B e 1A i@ed measure

i a&lic&it\/neﬁforl@ﬁkets ARBhBQMe@ O R IRAiR AR BRGNS data of s

i n

38&"’9.&%%%“";% s AR et e S s i o v
1, fog fubsgan “'%‘H’éssahﬁ’ﬁﬂ &r 303 i revpaRUitPEeikert885.each ot her

\mhatrpmttetdlcaructtog velie) RabBittd0d tht, net@ Ol dds oo PR #dérind-Unfd Device 801-3

p@s‘iﬂoﬁh%ﬂ QUSLénfs ;ec%é{ i)ycaepoﬁﬂlot'l lr‘e@gl\%g?:?g ﬁl@trls Mll?g bgl%ja%awgrksogﬂl & 802,

[@gmtwo net wor ks lQ -3 recei ves 1 oni n{g
e Iﬁggqntr?cgl\i{ﬁr ﬁ;@ ies Itlﬁ ﬁnglged apyork clpgk (ﬁﬁegﬁns om Positioning-Unit Device
A65-3 endnubsppuenilo cdcuRES k tsingln ippigh- kdsitidn {ORtidnCBing QR -P3sitivnidlg-Unit Device

FRRBAKQE AR vidd 8(1311"@]@-@5@3 ai4d &lfa@eﬂﬁ@hwm‘ﬁ rPos?tloﬁ’iﬁé(Uxﬁﬂ BtRice ;Q)Eltlomng

Egrgl ﬁgﬁ a\gfgl sm?lg Froeub gosnlon s'FEP oniﬁgl%uw{ed glﬁ fOﬁlag Uﬁl ufn rﬁ@\/?‘%%s clock will be
809 soBerinp Wik npork Y inclees thab ppYidsh e Flesk cqrteetions. Furthermore, the adjacent

adyaicBsitiende- UnioDd¢ice $00-3ickni aBBliebrire Hﬁinbnn@@iﬁ:haﬁ%ﬁs -8t the first Positioning-

_ %Qigl')ance §’018."0a%a ﬁleﬂsﬁ}e {hg ﬁm&gsg %&ncgg} tﬁé fu\s{w t%grb Igl?]s,wnth respect to its own

ncor’?or ated 1 n posSi t1onl nggﬁ@

BOLT U Hirshye- éfPf‘g%‘La?egt-nF%rmfﬁwn Dameéwrfbenﬁertsmmcﬂeck corrections
Po the ity diatenicpetiprk tPosiboningeénitSBRiec3 8Mce8id -2 £ ste3 infite 6w ore thtabyjthin its
E’(@ﬁbﬂ]ﬂg@@haﬂ SoalaNintretPRMdvHE Sk p%srrym SddeifeR rSfB R%n@sd Wk tlﬁnebases if

cor! I‘(?Ctl on value, as all clocks in an 15 autononous
network are tinme coherent. Furthernore, only one
Positioning-Unit Device 801-3 need neasure an

Buljtifle BRtueR@ Mtk lock as its transmtted network cl ock

Q! p%m@moaa@em%mgg 3 Gobight) S8, DELNRNL B4 Bl é,aoéﬁzquenms

€05|t|on|ng S| ecel ved and
Bﬁ@?ﬂfﬂg&ﬁ t Rg¥igenPopitionerysepyers supfegispily Wtflﬁetdbmphﬁémrﬂ@s“mmg
B0dls tof wera Lo egleé widetanafos e icoiler 8RB -aihbiguit @3oldioh QAR). RF carrier

di éﬂMé &&rl%@d finkeQBlay RHIQ bééﬁﬂgﬁhr&%ﬁ trang—rmﬁer LS Llic@ ics, lmowfn as “group
({:E %ou Qa val l%e transm ttd% the net WOr

b Bl B g BBl st ane o TSR Py e
Vgl 2 rbotity 3f caF@f fregusasiey gaeriysd fampegininomilkieced y@smig@%hrough the

stfitfandnfit phth WilltgpeR@tovR)Eal RAE YR de BAEL cfid Bequency Mfferén@d] A@further
position receiver applies the received network cl ock

. corrections from Positioning-Unit Device 801-3 and

subsequent |y cal cul ates a single point position
solution using all Positioning-Unit Device

~positioning signals in view 803-1, 803-2, 803-3, and

adj acent network Positioning-Unit Device positioning
signal 804-3. Wth a single point position solution
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Unit Device 801-3 and neasure the tinebase difference

of the first network 801 with respect to its own

network 802 tinebase. The adjacent-network

Positioning-Unit Device 802-3 then transmts cl ock
corrections for the its adjacent-network

Posi tioning-Unit Devices 801-21, 801-2, & 801-3 in its
network data within its 30 positioning signal 804-3,

t leperishse vatying Wine gelaye wiuseg hyogirkiaom chage bfviensnit@ BledrGnics. This causes
Chﬂ@rﬁﬂedb@hﬂbﬁﬁﬁ sx&ﬂa]%@ﬁot phage coﬁ&éﬁy '1\{)@ &M&Wekﬁtmoﬁtmnmg signals will

Fnﬁlgzg ﬁn%%)érro-[sfuqe the wn eklane amb: ult)" 1p sﬁg mél (,%[5 @roe nbodi ment a

ura |on|n ansmtted on a
pIALPP%i'I’q“'fl%’UUT Dervp@a& gitjageghe rgg‘,—cqh(pr@nplgqg@rpblem from a reference transmitter by
Poagkmiitions mgalighif freqiauy-dderse R&Sdning Gighak,8&h e in8ividually time-locked to their

SH&Q}%&W ﬁEme)é e Rk IgignaFl Hg@ltioﬁng—lﬁlfxt [pcgfl }néoppgmtesga Flurahty of

so ca
o AR RS b 5SS i e, i gl o
sPlesaliy sf eaxjse friavencies. dhet PositiondheiUaly Daticel Bitpaseivagratis ripugitality of
t rARAEHdiveRd re@idte HOGBAIMES @S, Gfd SRS thekMPUE A FrequitleftRerse slave

dﬁJsﬂéﬁmg sxgag g&'tl%ﬁ%p e\aceyl‘hr%:- nkts eefa'p 8eqéengt dd vretée reference positioning

pendr ng
Flé‘f ‘&F‘?P“'ﬁ’e ﬁF‘iEI?"&‘d 4“(6556 give pitipning sigal, é‘eﬁ’m Bpfehch slave positioning signal is
g@rverlegicall sfrclomized COMRDeraBCtrahdnitted) Hheﬂ?’ddtlciﬂhglﬂﬁm)etvfcﬁﬂien transmits its
tlm'rﬂw ﬁ%{&&cﬁgveﬁggﬁm&r n%@%ﬁgls wﬂélt:pe t‘[%e c!ohe%?ﬂp}ﬁt'ﬁ Ith%%?oﬁp delay from the

Lr ‘gﬁla]% ‘F‘ carrier trequen
FPLF inerte Wt o b ‘P“eéTk'ié‘fﬁ%tF’P%H‘ét RPF IR F gt rcsiver
d@!efay@s wab@dnttgyr éigpe ratluice () dngeadiPositoaing titit Deeice in view. The
atfeedcs Sifintithr prdup UGay GRAWS RS an AR ﬂiﬂg%mr&tvﬁﬂh Qronluﬁoln Qlﬂdngﬁthe Time-Locked

Si*ognﬁing‘ U{i{pﬁ&lcgr et tglte ﬂ%has E' %gderange enl‘oT 1s ev1deatu08 éacp g?fﬁlgmng-Umt

hase-coherent positioni ng Sig
e‘?ef“eerpée“f"ﬁ%"ée W@°W%Fé°civgr¥éerﬁﬁﬁhlgwﬂ pseugeshnge qrigres ¢ pRRjver clock bias
pinddieggtes thk g i thd single pught pdsitién chlavtiee can el i minate the
non- coherent phase problemfroma reference

t S transmtting a plurality of
hregmsk °'V$8Tt©%'P§% posi tioning signals, which are

IAnPI fr ?H“’dl!feﬂ)rl Kme-Togeis fhe hoetkdgedf thh Bésitioninze i Eetie\pesitioRC@iN résgect fo a
lrFdr@EEIGRYNAO Firtel AFIvAQ c&br@ﬂﬁé fPame ﬁaﬁ%%ketd' bgnh g pxjelgllrctd embodiment the

[
%n%%el%%ﬂrﬁg P]?edgé&%) ole ?ramef 1¥ gsfcg gpxlclhlé alao lgei 5 gllmiatf 9‘an6efused by
GBS 719 Wi oo dhe greerred mmﬁnaent Bsidioning i P ticgtiFopven from GNSS, and/or
W AnSadnil/onpthefPodibhing-Btit Hevieg d@BG&inRSan ETRE cdR@Giatel ONi Ng- Uni t
Devi ce position receiver tracks the plurality of

uenc¥ di verse reference positioning signals, and
Tracke e plurality of frequency-diverse slave

'!!Othpwfetﬂrdoqmbp@n@ @ositiomng-UiiteD VoS | ttabsoniti i ghe WiMiidensEB 1Rl Scientific

Medi®st M%&d%%@ Eoezqzigﬁzc %‘123@}4\6(‘_2{2% Eaﬂé eroﬁﬂﬁeedevelopment of Positioning-

Lonin
P%g"“"’ oty Bb Ao OB taf“g‘ﬁ‘ﬁ’ﬂ‘@ ULYTAT (o WTRRYPaYigHgn systems
Sl B %ﬁsaéﬁ 2G5 150 bnt glsosiligwad3. SMElz badyidth.ovhodi cerabd uged for increased
SyHPIRE B8 o didct \Abghdacet sbx@adhﬁé‘c@ﬁnﬁﬁkﬁﬁmﬁrfg@@ﬁdfﬂ bt use Ilhrﬁultlple carriers for

Ega&ghgggrggreygﬂ%,wq@%&g then transmits its plurality

of frequency €rse positioning signals, which are

ti me-coherent with the group delay fromthe reference
transmtter. Wth at |least three tine-|ocked

DISTRIFTEON G¥pAdIHONINEU NG LBEVIOE MhRWiwaRE POSI T On recei ver

15 determi nes w de-lane integer anbiguity resolution

(AR) fromeach Positioning-Unit Device in view. The

T diegyebured enebodimentyiat Rogitfonigg-BripDatist irgoniveates e pesétior cheaivar, ARansmitter, a
deRDBocessih® finit (GPINCH b SorSRRTIRMRITRGSbitidn 16eildr rﬂ%m&@&éﬁ QGturality of
Positioning-Unit Devices. Therefore the sane A

i nduced range error is evident on each

Posi tioni ng-Unit. Device pseudorange. The position
receiver interprets this commbon pseudorange error as a
recei ver clock bias and elimnates the error in the
single point position calculation. 20 Network
Co-ordinate Frame A prerequisite for Time-Lock is the
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reference co-ordinate frane. Any valid co-ordinate

frame may be used, but in the preferred enbodi nent the
Earth Centered Earth Fi xed (ECEF) co-ordinate frame is
used, which is also the co-ordinate frane used by 25

GPS and WAAS. In the preferred enbodi nent,

Posi tioni ng-Unit Devices sel fzasurvey from GNSS, and/ or
WAAS, and/or other Positioning-Unit Devices to

d edc@vervhanels aspatiicCOFfecetving Optathlmads @os1t1&ﬁl%ﬁi§ﬁﬁls&Sthﬁanﬁ@Qléﬁﬁ&)éomponent,
| g pkip @odpcroﬁnfnﬁgnﬁ 1o aﬁm‘aﬁﬁoﬂ&[‘ tl“he ﬂg%ﬁllitttelj l[%Fljp(%gt‘i HQcagtP c%er generator,

he unli censed ustria ent |
Ngtaeast orle P(P]N%R)ie gsnglﬁtar, 8‘F arjeazfepfzstefxad ozloch g@_EPU cpﬁ@*lsez nEan@lﬁE inferpreting
| Bitergcheadly Towmivedt ty dhechesitioh oqasien tresprsiveomshuts itO¢vhtro) the Widisthitter steered
DeIdeGiﬁi s WO FeleBatcViatidd i ldatk. @G MoRInEH dhcil@PSrbidRd A \oherddi 16kl timebase for

el ShSne current navigation systens
\g%l%:%gg% ltsmr&rg ﬁtr ﬁfﬁgﬁ;@_rg 'TsM band al so al | ows™ 83. 5MHz

bandwi dth Whl ch can be used for increased chipping
r Befadngabw dli HM@ot theey dpheda Bahiadd-Ump ®etide 9o 1ﬂda§1i:rﬁtin@ Bip&idion receiver

SN rsmiRF 9d3hﬁcéd1§a@1)1@<fessﬁy bt Riply 5@%&@ kG € position
cl it t ey '@% %ﬁ% e
P i TP e e oo e g g one o

SRPBpeficrii eenergiorBgs ¢ue pranvierseodhnienerde 998cad pra QoI sited clack 909. The
POIS] 204 Gelulie® G€dnY BF posiBont rEcdiG r@brﬁlﬁlﬁfcatloﬁS!lO“'tgeaQSQ’Elt thafhmitter communication

PI19 G Gor Hidbdhicedr SR clocR G umcagomn”g}? osci IlTator. The
position receiver |ncorpor es a plurality of 22

Teceive channel s capable of receiving a plurality of

pResitieningriinit Hevide gosibisrecedach conpri sing a carrier

CA)IWQBI%IUM D@lcggﬁ&u&ﬁ%v& Q%Hﬂ?ﬁtle}ast Qr[é%cévqua I capable of receiving and
rates at g one

(F:ﬁrquo th:'g gtrleast énﬁeerfzfé f:née pomtlogleng Fl%%ﬁf?ﬂn&féfergﬁ\frae%r and at least one receive
the of Wugtanq t@acgiplatg]g @t leastanpe evdocatedipksmittbhaavE pUsitioning signal.

(Bmﬁﬁdblysg Posim@REnft Q'fevnl:erﬂoﬁﬁdﬁrt&feivﬁgs czﬁ%' dri |r&51hﬁ]gga §1'ulgﬁ§l |0§ refcrence
nrecelyer
pgsq‘tﬁ)h O$ %rgly f(;r hxﬁ:regsgds %c%ura% de mte%‘§' € F’om% Emngn \gﬁ Spo'?lgon receiver

contr transmtter’ steer

Fefrp¥shouid b Jacwrdl o stcelvinerppsitieningrrisprlsofion ¢they Pesitioning-Unit Devices
premmitithe & tige 2c0HeISMbond] 06 pdsitibriilgRR@SEoh WAASahd GNSSRRAMEHaSmitting
GH thet xhr‘é‘roﬁﬁ@ L Bén@ ﬁéqﬂ&a&’n}x }’os%}{ﬁg%u DRﬁIe%Bsrlt{op eﬂfgr\%askg Illc%ulates and

tgs Ll s g@ ! g Posi t1 oni ng- U
6" STy kg Sﬁ&%‘i“% BiFP dlelipdplopies l@ﬁzn cogveptjongh G ﬂcw‘r design.
9"@% recely e‘(BEfmS?HEI andziesign @ e lhigiotnin the frORWre S0dsubjerndtscaibed derrroN
oscillator 905. The position 10 receiver 902

Eﬁkﬁ%iﬂ%ﬁﬁtﬁ&m&rﬁ Ballty of receive channels 906, and

I ncor porat es one or nor e of

edirtiuine YahBrvige Giosyty hesoprey gimilimigrsco o fongethual gRR @seadaite, with one
88, and rveltic@iniporempanr £ st@fed %ﬁﬁ[ﬂ&dcl&koﬁl@hegﬂﬁema_ Bbod#ARA the steered

9&91@1111&@ Gioﬂﬁég{?% rﬁjsthJ (ﬁgltalgigriﬁlﬁ ll n%uﬂirgccf % tg\{a? gynﬁlgsTIBB%)Ct%fhmques DDS

ter _co
f%é‘ﬁ?%%gy FREYNEY 5rﬁ‘§f’ﬁ"¥ tgs‘FI’a@‘i awillger. Bhigk kencksrfFeatsncy pRtifedgre nillihertz
Jesuroiss ithus e imgthe SpisitBerloricte bpo@istly Ghavedeo e i@tmindreference signal. The

' Pﬂﬁﬁlftér Qb nﬁo@lﬁh&s a@qééj;tccﬁc RES h‘&qgé}m}r @ﬁ‘?'cyrﬁ&' g%&%p zﬁx@sat Qlast one

%j“dongewgbgrc g, ann(tel Tﬁn gg | e of "‘receivin
rat g Fekopnite PEREFafie Bl FTe Al cergsapeons
'f’*rlﬁlm & sigugida ré%%eqveman@m prefenebly temeinited if ho24GH AM band.aind the PRN
ohapmehtorcaging e Gbder BARInAL, Nehich AmEBELALiES kddg s@ﬁxenl:ee kel can be
fﬁﬁﬁﬁuﬁﬁ)edlaﬂ&@& %ﬂertpﬁe"&&?amo&tc§5e0n4u§-¥%eu%m§1¥ngd rH‘l nsgme Ci 1er l”requency A

Prefera Posi t1 oni n ce pos

%’3‘8‘ <f é?d"%/‘?“ Bt ot P RIEAT FE el Pigfat 4 walls# “wide lane”, which
Alefseragior @te@d cpdsinbisoini whestghal B 4 ONing peitienseder. In the prefored
eb6ditheACBosiBdMGe URE BGHcE IdbsmiddACarEiRRkd ih gmqjlmntmﬁaﬁ}élzﬁgess (TDMA)
position receiver preferably should also be capabl

of receiving positioning signals from other
Positioning-Unit Devices transmtting in the 2.4GH#
| SM band, and positioning signals from WAS and G\SS
satellites transmtting
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in the mcrowave L band frequencies. A
Posi ti oning-Unit Device position receiver tracks,
denodul ates, and interprets positioning signals
utilizing the sane net hodol ogi es used in conventi onal
GPS receiver design. 25 GPS receiver processing and
design are well-known in the &t and are not a subject
descri bed here. Positioning-Unit Device transmtter A

PoSieR St (gt highi peweDEPMAepositiaring mittals dp ndt desn weakey CDMA positioning signals
Sitrmsinitied éni i@ SanteQarfler GOJIMHEY) th@ﬁ}ﬁzhom@_b’ﬁs RSoGH LGhd “h&r/faMirdbRem™ and is also
ORRILIAFRh Amedd critical inprovenent: a steered
transmtter clock. In the preferred enbodi nent the
steered 30 transmtter clock is generated in the
diFgtitioning-HoinPdvive CrptraldrdSkssimrctniDi gi t al Synt hesi s ( DDS)
tHﬁchﬂ’bis:ﬁiﬂﬁ@Um%cJ(ﬁl@Q&%rQQy produces a digitally

guency

geper a

cogt r OMg C tgﬁ&ennm.ﬁﬁe, cﬁﬁemtp"“tmg&%'ﬂf&gsétl"@gg “Uny il?ﬁ‘gceal | owi ng

t he t r B4PR deerainatiop gaibe pebictrd thiyuginithre belf-stire} antrdiizh trenualrinitiatization.
I ncom Bef-swredy e¢qeirs the Po@idaihg-UnkhBevicé foadd SATVibv 6f ataéaﬁt(}“our other reference

i ncor pﬂfsﬂ&nﬁé Uﬁt D'ev%.@ss“o 9&%1115@9'&9& d{ %%%gag n§l£ lF P051§ SRN;WOH’ or

gener | east one seu

code g%tﬁr@drt'é‘i%’o‘? °S“T‘ﬂl§‘g RE Reyer ’i“@rbe i ppt et thype NS eatellitgs glus at least
car ri efne gésreprs ResitioningIHiniivvied) Ini this emtedinessté tettende @dit@ning-Unit Device

fr equeéﬂﬁp}desVEM&odemn@fcﬁﬁ@-blﬁfféreﬁt[aﬁ%xgr{s Q(q a'll rt}ﬁslgesatgﬂlt%sq;kwew to the

ngﬂe b?g)gmongggmg I!pev el ?%Ie Posmomflg gfglg eglc%?ﬁfncfglr&u?ageg %gi%mﬂ%oé relative
that daffe ’B@mﬂcﬁf"é‘f‘?ﬂﬁ’gﬁ@éﬁ@@e anmongst ot her pseudor andom
code gSé¢nurbinitigizatiton inmbistet byqlhcBgithé ﬂ‘bﬁtuﬁlﬁ\gﬁmﬁ%ﬁé £h predctermmed location

frequ RE Manudly e l‘tﬁg gl g'ngYapl‘BIal c% ﬁge vafald mpoePogte tonsie- %frji? Hevma mémory. In

pl ur altﬂv‘%fofdfre uencil_es uce a so

| ane §IARY embp a finsh ?ﬁSIE?nﬂigﬁIfﬂégéw dsyipdngslly jnifjaliagd psjng precisely
t 0 be kpesepopdingtes, wittpsubseynem Gospiogigtlind MeVi@CLIfMveying font GIESS satellites
pr ef eraﬁcﬁﬁtfﬂéapcﬁlﬂ&ﬁ@uﬂﬁﬁ&ch’OSI tioning-Unit Device

tyansmny me. Di vision Miultiple

Alcess e%#%l\lfi')la%f éefe%nﬁa S'ﬁ%al Searb@ﬁ RS OHr R power CDVA

posi t iAdiiangls &f thyrmesition wWesivarsre sptampeanh &k eny rGBi ppihing Ggnblirgyiew.
) gnalveans to @quirerittidag dncObfelehte p&s&ﬂfﬁrlg(%%ﬁdi bR extfabERINBRAGYne and network

Thi s BQm%aﬁoﬁnd%WFn t he ' near/far probl ent and
fe art. Posi ti oni ng- Uni t

I[SZ 340 wel | - Known 1 n
vi c&eEE Rpismnphe dEalyirapgeatiss delay ﬁPﬁ’éheF’%fng“F? EWINHERr tOrfhet Positioning-
Devi cEnidyegonpri ses: a) Means to determine the

curre REferEiﬁSﬁ-aBdnﬂ@r &Eltl&nrb@org)l% bk QRY Jilgactgp fr&n}]gg Mzi‘eﬁeﬁw poi}]tlonmg signal

nglf t Lagflg]atgnetds (%}nl a?eﬁ tﬁ'ﬁa]ﬁulgl?wqaﬁqs%l?en\ég-yzléﬁgg?% ocation. The compuied

Sel f - %ﬁﬂ??ﬁé‘?‘ disteerg Pqt‘éﬁsﬂ refrenPagishitgnidRysitidning-UDeNdviee istavied into a
i n vi éw-@ightbrdecast four ot her r ef er ence 10

BOS I tARRL D guuH% f J%%é’ Jra%%? 1iter code %enerator w{th 3 ﬁppé"BT‘a(ﬁ‘ﬁm&he PRBI code.

éhr ee-di nensional sin oSl

| t er MEPT 1§ &gate apd mﬁwwoweﬂ@wh F“Pe Wb yqreak drtayo Betdngitter, which is
Vi ew \isnated hsigpévightion dea daNESers Al ke bRBiofg4Bnat | east

one rl@efv%ﬁt%ﬁ]@)ﬁa F%dﬁlﬁt%p@xg ﬂap%rrsml%\éknglgm 1’1{}{ Etglle whlch is subsequently

enbodi mslnt he reference Pos]tlonin

suppl 1 6% f“ﬁn S SO IWE-eA PR RE Garpiey- g‘?’aéfﬁi‘tP%\Idata includes time-of-week
cor r gBPimates, Fotitfonipg-VniONSS: Ioatia dnil btiss netvrorkydate wich & lochtion and status of
PoSi tdttertostehnidn Ukit rEB@MdsGﬁGNESQatJﬁQq‘éJ tioning-Unit Device

Dhe el BE sy AL TG RS bl o
i ni t i 5PT B fgaenge hi eved by pl acing the

Posi tNMeaamitqigitiddrthetpoddy tecsivetib searcipfoaialaef palitvgids digeiat i on

and manual |y entering the geographi cal coordi nate

val ues into Positioning-Unit Device nmenory. In the
preferred enbodi nent a first Positioning-Unit Device

is mnually initialized using precisely known

coordi nates, with subsequent Positioning-Unit Devices

sel f-surveying from G\SS satellites
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20 and the first Positioning-Unit Device. b) Means to
initiate a reference signal search by the position:
receiver. All channels of the position receiver are
set to search for any reference positioning signal in
view. c) Means to acquire at |east one reference
positioning signal and extrac¥# network tinme and
network data from the navigation data conponent. 25
d)') MeaMent & auie e sise pdsidondnggpivad! apd epplygratdnon labelt@ybtain frequency
U om t &vlerdn@fbervesh @ refcrefidd Sl stat Phsitloflnd sipRaisPOS I t i ONi Ng-

ni t [ transmtter posi n
coord i[)%\aétcggl?gdtgg&f%? eﬁ@ﬁrﬁgﬁ r lgge%rg?ii T3 ﬁgaf%(gdpgglffeé?“éeh"é fe reference and
posi t i BT PRytieng signals apdapplisa e icepol deep.dknovarv 2 Eimphpddloapg TLLY". The
t he knopnt oPdsTILL appliesrgrrdclitintvalloe it Stedred Grartsinitid clodki@ order to zero the ICP
conput &&krenggeonet ri cal di stance between reference
o bl R 67 Pl Bk Wb B g apgiopis S mvigaion
i niti adorpaaent ppd deferpipe the fime diffirencecietweadie e pdsitipning stghal and slave
an apprgfhningdigaiuni que PRN code. f) Means to generate

aRd PG AP RRO §fé\jv%%ﬁe&ﬁ%@@&{&?g%@eﬁgﬁ%ﬁg%%Lé aha st O rence

the transmiter, chis.

navi gat 'R RELPEwD RFEHER Sigu aph e Skyevresifinging siershisee that the slave
si gnalpositiping sigadl is ohrondagically Sigmed elith tiirafdenoRfsmitaime.

t I ans rwickds & dediRd B At Lk RN code, which is subsequently

35 nodul ated upon the transm tter-generated RP

carrier. Navigation data includes tinme-of-week

i SO REGIBIeT Positi oni ng-Unit Device |ocation, and

Ofbh emmoedsviiditck prohadesa Ghbdht 1668] titnStatrdr AN comPertl ofth bBosiBéning-Unit Device,

oh BEEqRosi LinOnkRG: UN; Nl ees and GNS el lLLtes. .
nﬁgkn? o a%(?? Shelil s (UL BE Rt e P 8870 B
Anae PriPiereatlyed dimetass allqws gpen-fop, frapaney tepking of thyigeeiysd miprerse positioning
rigrahetide atsp galediFrehuénce Grading Bysted(FTS). WBGHTS theQredeiddtrifarbrRe positioning
ts@@l P&Bdny oLt e RGRLYA by o Péﬁ}l@rﬁjfgnlnrt Phvide IB&*uti%Jl RAVeSver, is fed directly to the
ROSdohih i GeviRt gt@eerlld' trags4 it EJ ang. e R A ct; ce S-S| ave lates th
posi t1°ohi ng ST gnal SATShrS AbcBel SEsTEEpoach sElyagmylaes the
fie@Eee Pl valieot e imprmingiyelerenecnesiticning sigflchertieinaingiths toaen oscillator
008 Ertdin@iniainGg Béfgenad/Save Fo@erdol bbckBRARE BSrefeldfRe and slave positioning signals.
L@ ANEANR P GBI R IS pBRARE i)
difference of the reterence and L&l ave 0Si tioning

signals and applies a control |oop, known as a

“Ti me- Lock-Loop (TLL)". The 5 output of the TLL

BpStRIBSON OF TIBClbANE YRdMes tO the steered transmitter
clock, in order to zero the ICP difference. j) Means

to extract the transmtted slave tinme fromthe slave
poving invﬁlPIngces’Pr g’l’?gﬂ' ablp awirges @ pmaltiedf sceicohpohetnt aradahble of receiving
dﬂm_se:mtiﬂ@potih@ng hing;s @'b:g iv&lrtiemgajnh %Mt&_ﬁ,‘ Renfel e ﬁr;@ér%yleﬁﬁé?xgumg in the
P A ISl nd sl.ave posjtjoni signal . 10 .
) anans o et sl (R Pl der el e morrotng
PHEoNng jignaksi fiom GIRSAY MAS seelesttimmsmitinggin the £ foendefreauencies. The roving
peitimgenive higrefebip k@alkeor faBIliON aR:1ic GRcoBdling Rfvosd dM Srom all
ﬂlﬁiﬁd}nEnF QBHaR & vl IRl allowd H{E{?ﬂi&l oftPDsgim%rll ?tXn?t RO belvbR Ra D ENSS time
gna Lf? chronol ogi cal |y al i gne MR Lhe rererence ’
PSR BV fonsy Secfis eationso g epprieRyork b GG deta. In the proforred
egbediment netpgrkCimrisodsri@d Gpth CHEDtime via WAAS satellites, thereby making network time

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
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The common oscillator provides a coherent |oca

ti mebase for all conponents of the Positioning-Unit

Device. In particular, the same oscillator is used to
drive the position receiver, the CPU, and the steered
transmtter clock. A coherent |ocal tinebase allows

open-1 oop frequency tracking i3f the received reference
positioning signal using a so called Freqguency
TraetkintionaiSyRSt pesito( Eoldipn, WikE B denkBlf @i CIedsViGkdrel BE@EBNHR is well
p@sowh inQRiaRg 20 signal frequency offset, as neasured by

the Positioning-Unit Device position receiver, is fed
directly to the Positioning-Unit Device st eer ed

t MHATSYiRe: Rogihion s¢cejyek prefiafdy intomerates] mtangioSktrinine finte@dr @@die ambiguity. In the

S prrfaireyl c@badin@dt @ficgdr Rle AnbRElH anl@éblv@ic Jsﬁ@ fvia¥. ﬁllleuc&hlﬂ(juest Bfte integer cycle
Wt}ﬂgregoﬁlgcﬁ E&&%gcaggﬁdhgsl gsgl]lldp e 1s QQ nmhed from fhe roving position receiver to

e conmo
ng“r‘ ﬁgfsgﬁ‘“fﬁ it F‘i’é‘f'%r B cuTegpiydorapge e‘»qrewﬁreyn wts@k e gS efricr faesles (the
r efeger eonpecrayplis s frgticgal pad tycle ahdug) (Sdcgping k(ﬁrlponeﬁ];ﬁ)hﬂ'b ebpénnr), and is

t feghed @ @h&l&l‘ahgemﬁe ﬁnge ﬁlﬂcﬁ'{)ﬁr %letf&ﬁ LBal c]g(i( bgap €y n}%s'?"\ﬁéd Positioning-Unit

p C 1 < (5] 0 5.0 iCOse

‘9“5“ génﬁl“t%g'v?""‘g po “”% Epn F&“&%Sr %"é‘g\l ﬁ‘P&F%?%W"‘HB?ﬂS‘P? s¢fytion to be
f°meﬁff%f ‘i“%PV""B?“F‘@@@P‘%?@“&?WWMﬁlsnelehf‘a!tdlf&reetlabamhﬂne of
receiving 30 and interpreting p03|t|on|ng S|gnals

fz( i efvér muditlates, Honsng si n[:rgf a
B3k Enons.d ﬁ/é %EUksnge ld’&llll { %ﬁé‘r&rﬁ %R/F%t aig F g d/ neterk of Time-

glttln

°§ o P g‘éﬁ“xPéi"“f diiliging dhespg @F%ﬂéplsewé &ﬁ?ﬁb‘! eonighional GPS reciver
rdé%@, GHSriggeizen prodessinemp esigd, Agwell POWidt-Lan Angzusy Bisaktin, bk @BM-known in
NS arming n MRS REBbh hdes transmitting in the L band
frequencies. The roving position receiver is

preferably capable of denpdul ating navigation data

T8 b e rrglizprethantshilet thuabavefhpsgiasnaiven bypiws iof dndifvistrative example of this
dnvegmiad, sll duth add @her mﬂﬁiﬂc&oﬂah&%ﬁatﬂ%th&EtmaMUIdQ)Q aﬂﬂ&rent to persons skilled in

Elﬁ%h ta}eg&in@cg:o Hﬁ lv&hu%e\ﬂogr?sc&%gn\ﬁoam&t of thxs niv 1 ?11 as i’s Lerem det f(:)%rgl

P05|t|on|ng Unit Device ['ocat ons,

| ocati ons, and ot her network and GNSS data. In the
preferred enbodiment network time is derived from
GNSS tinme via WAAS satellites, thereby maki ng network
time and GNSS tine tine-coherent. A roving position
recei ver also preferably incorporates neans to nmake
code- based pseudorange mneasurenents for each
positioning signal in view, nmeans to nmake carrier
phase neasurenents for each positioning signal in
view, and neans to solve for position, velocity, and
time (PVT) 40 using single point position

determi nation. Single point position determ nation can
be acconplished by using 25 a conventional GPS
position solution, which is generally a form of | east
squares regression that is well known in the art. The
roving position receiver preferably incorporates neans
to determ ne integer cycle anbiguity. In the 5
preferred enbodi nent integer cycle anbiguity is

resol ved using w de-lane techni ques. Once integer ,
cycle anbiguity is resolved, a precise carrier phase
pseudorange is determned fromthe roving position
receiver to the Positioning-Unit Device. The carrier
pseudor ange conprises an integer nunber of carrier
cycles (the integer conponent) plus a fractiona
carrier cycle anmount (fractional conponent or phase
conponent), and is terned a pseudorange due to the
unknown position receiver clock bias. Tine-Locked
Positioning-Unit 10 Devices exhibit tinme coherency to
tens of picoseconds, thereby allow ng a single point
position solution to be forned fromthe precise
carri er pseudoranges wi thout the need for differentia
correction. A position.receiver tracks, denodul ates,
and interprets positioning signals generated by a
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15 design. GPS receiver processing and design, as well

as Wde-Lane Anbiguity Resolution, are well-known in

the art and are not subjects described here. It wll

of course be realized that whilst the above has been

given by way of an illustrative exanple of this

i nvention, all such and ot her2¢vodifications and

vari ations hereto, as would be apparent to persons

sKWVhat ipglaihed is: 20 the art, are deemed to fall within the
broad scope and anbit of this invention as is herein

sgt fornt | ai.med 1. A nethod for

dgt erm nllpn og@qn\mmg'éuln 18 §Podton £f f‘cf?/ ing POTFEE "R Iy B Resitigripe system
i (FOBPriRRS it lFaé‘n?“ﬁ gﬁfgvset @ﬁwmlmnwluas,uqusg oget pdsifa@e-ugndevice, said method
r ebrgrigmgie sepsansm tter, and at | east one

- posi ti gni AG-oeRiate 1&&\4&&& dems.eatl’anmr@li generatmg an{tr%nngl[témé rel}egence positioning

st eps of a 1each sal

transmtt & Sg“é??&’f“éf‘i yrimahye pisaid §h’FaP‘t°F“h§feﬁe'@F Epngpities, wherein each of
posi ti oniwigat kit g efepn@treomitemig att: Gnovh @edibnrebase of sai d

at | east e@dh@fﬁleﬁt%seaﬁsos%ﬁ&&m id#s, wherein each of

|Sglcgt Iatonl eigStrécg{:‘}'ﬁg rﬁ : erg[%lgts}g{rl gtga{lgmgﬁcg I;yseitlhesr saaia ata leakstn (?n\éwleference
posi ti oni ng- URPtFeYi Sé‘é at Jegst joje pogitieingumpitgdegiprcior both said at least one
i nterpreting reftrgnetassmittcpdnd MHdta 106 diyposiiohininit 3l at

l'east one iif efcﬁt@ﬁﬂﬁg a re?&eﬂ&%ggbtlohiﬁé’ sigggl gl%glgag Fna&ela‘\lf l:)ee%‘rrc‘]'eén 1%t teast one

posi ti oni ng- ugp devi ce or

reference trdReHcG PRPESHEd §‘5‘|p&s‘“ét‘fmgr"éé%el“°e®ne

posi tioni iy - Leprierating endi tesmitting p wideit pasiridning sighata 1 ef er ence
IOOSI tioniimg s]fcgnaémm@p@g@galmlqg@ﬂgg%mpgg\ﬁgen said at
pggls,: | gﬂlengr unl}gpar%ncs%ﬂtr&%ﬂigand lnt)erpraté(ﬂ élFﬂg]lflﬁHB %erqd(l) and said unique
transmi tti ng PEitigRPegigeal B%?“tpl('éj}fp firdues ¢ gpnafission dif{eyence;

recei vi ngvandoritimb ety piijaiting) ghidS gehdatitind WensiiSston tof @M Mue positioning
signal; V) coRflifg.s2i d received and interpreted

signals from sieio % g% and sai d unique positioning

si gnal from st®p agfikAjeed trngrizrige ditferenee fomsign @stndn

di fference; vib) scéldrwfermwwwioyin@tgnalsmpawoxﬁanaﬂ&cgﬁmﬁna;t ion

and t c@&nSmt S8d Qﬁqu@fposcnﬂ)hgg Q@héﬂ ue cﬂ%foéxéa@yﬂ lsﬂgwon%? i B galﬂfal'eference
accor g)s[ggmggg af") sai d deduced transm ssion differen
fromstep , and b) said reference posi tioning

si gnalc) pTel s EapdsiHer reseiveateedivingmitst ep (i i) such that

sai dhum ql]edﬁ!ﬁ&hxbﬂoﬁr@lbdﬂgsyﬁd:hgiﬂﬂéd uh@uegls‘srﬁeﬁgls@msccﬁll Iy
SynC ronl e 54, <nee positio S1 a sa1 1'0[10 \¢ 1 unigue
i €dpdaP ﬁ@éféi’ EeJ S{ %Elg gl il § ?%;1 ﬁil’gﬁ”?‘h‘é‘f’ zed unig

25 c¢) said rovi.ng recerv

i) said chroHﬁWﬂﬂ?&ﬁPFy synchronlzed uni que

posi t prdmibspguently grialating itoswni pogitioh @ttiuSidirduireRé 6faMBRntial corrections.
posi tioni ng signals and said chronol ogically

ynchyoni zed p03|t|on|ng signals; and

gubse ﬁ%% Em““ %3??9 Pts own position w thout the
requi ¥e n‘“’é‘ﬁ i lqgft o’ﬁlr‘ffﬁ@l:@ﬁ@ﬂ“wer i Gxthee oinfigyred to £B8ra@ Bnd transmit a plurality

of frequency-diverse positioning signals that exhibit time-incoherence;

b)  each of said at least one positioning-unit device further comprises the steps of:
i)  generating and transmitting a plurality of frequency-diverse positioning signals;

ii)  receiving said plurality of frequency-diverse positioning signals from said at least
one reference transmitter or from other positioning-unit devices including itself or
from beth;

iif)  independently chronologically synchronizing each frequency-diverse positioning

signal from said at least one reference transmitter or said other positioning-unit




40 2. A nethod according to claim1, wherein: a) said
at | east one reference transmtter is further
configured to generate and transmt a plurality of
frequency-di verse positioning signals that exhibit

ti me-i ncoherence; b) each of 2 id at | east one
posi ti oni ng-unit device furthér conprises the steps
of : 1) generatln and, transm tt.i
Pt equencyr i ver BB bh B bt JftataB e ltiof g om ssa
sai d plurality phitipyinggpigdreie di ver se positi oning

si gnal s f rsen thakdld whe-h@B&Ence RREMM@I QOBRCH e @AS i fetsepositioning
or from ot Lis: positioning-unit devices including

itself_or ron1both Ii1) independentl

chr oné! Breae PeFitiey isesieitier Srgpiisig H“"ftF@éiEency- di ver se
positioning 8i gl&ividgrsaimhiggietieaty chreagdgicollesytidforiz@lfeguency-diverse
transmtter or S@kife@kRelasposi tioning-unit 27 devices

or both to a respective frequency-diverse p05|t|on|n9

signal from sl d “teﬁ’é‘%‘f’% Taﬁiﬁ?‘%@mlﬁ‘ﬁ’ietmﬂ’ér\‘i?cé & 2t dlpgidie

sai d t ismetlisrrootrere resdion slugonmwiulardmgebratidglsaid receiver clock bias.
frequency-di verse positioning signals c) said roving

Rosi ti,on rec ce| y.er furtper t he steP of : i2 .
Pecei Vi'NY fl%_]ta éllsl dOéﬁtvl(;}Vre ﬁ?‘l ﬁ)&l %@518&1} rlegf ver's calculatéd position in
§Vh@hﬁéﬁmme@bfﬁewuenﬁymmhmehﬁewMQWthHbﬁbw@ugﬁgnalS'

||) interpreting said conmon tine-incoherence as

fecei (aretief preqdipg tg gny ong of s PreResing gimsotbgieigsad fserbict f*%mls in step (¢)
$oludd 4 Bredorsrdomb@ie kaipetknt 224 @h@an sdid tgnS@bkidon e@bieidlermines

QLeQ&Jfanbdna&)de gfug]e‘%om@h@ﬁgn s%ﬁﬁ&g ﬁgn%a ﬁltnq szgcll ﬁEJ&}ndeQIB C(%e component

n sal VI ng pOSI tion receiver cul at ed

whe

b"btglf‘ {’ai‘:lb'ﬁcef"ﬁ‘gs‘g@gep (c) is deternined by carrier
. ngl €a %th@& a&@@h |t9 Qny\éﬁc]: mﬂetp}{ecédlngaalérlg\gaere%péaw tje%d signals in
4. A method according to any one of the preceding
éteaipencligp e cetier ompencrtepeivheesin Sétdgmngsaoslhonst@ryer(cbyermmes carrier
srﬁgll Lﬂglgt ]1%819&‘1%Uﬂ9(§1’1§‘ GQQEE fpogpsgld QQJI}P 9&1&9&;&@& \Q@cﬁ L tl-:lﬂzd §1grl

roving position recelver determnes pseu dor andom code

si ngl e-point position solutions derived from said

‘s eudof FRBSPFCHHE cBpEhe Pijetipg Frimnherpia saif iep| (¢) include a
ShrgiRi@ herdn sail raze ted GighalsdC Depdé) MGlullar datA Yon@omenind tvi@ein said roving position
ReECE gétf!?lgmgsldﬁh %le-m@ﬁ(ghlgn éﬁtlcﬁs ﬁe@i@e%lf%ﬁ(%& {l/a%rb%ﬁonbn@wuh each

ste? include a carri er conponent ereln sa
FETYHGEBbsi ti on recei ver determ nes carrler

singl e-point position solutions derived fromsaid
darri ef MEBTeREE ity Rierrl haeceding daine dhepig e rovig, posifion receiver's
RR&INGd paadOMGich @) delerdmindt sONR 1ead orde REerPbOEQEH s ﬁh@hsﬁsy calculating

ptgﬁ{om Qg,rge@{,ﬁgol(n%% |encl ude a carrier, wherein said

ecel ved nal s S (c) include a data component
and wherein said roving position receiver determ nes

data sai l’ﬂ@:h(&l-aﬁcﬁi‘dmg 1S bikd D the ﬁr@deﬂiﬁé OdGs, ARdréiY Ol b PoS@InGeceiver's
Gzﬁ&?amﬁ?&%ﬁ‘ﬁﬁ{ep YM) hgélgln%@gzhd atrl%gt g?egerghcg gglsmitZar's @nebasc by

gﬁ]ﬂ accor to any one of the preceding cl ains,
B eig °§8T’rcf"‘|gif\}1°ﬁ’é pﬁ&@’f“f‘% BHi&cei ver's cal cul at ed

position in step (c) determnes said at |east one
bef er ancehol aRsdi d 4n§ bneSor bk H‘E&@§£clebr¥s, Gabetls@li-Oived si gnals in step

(c) include a carrier component comprising an initially ambiguous number of carrier cycles component

and a fractional cycle component.

10. A method according to claim 9, wherein said roving position receiver's calculated position in
step (c) of claim 1 is determined by:




position-velocity-tine (PVT) solutions. 8 A nethod
according to any one of the preceding clains, wherein

said roving position receiver's calculated position

in step (c) determnes said at | east one reference
transmtter's tinmebase by calculating carrier

si ngl e-poi nt positioning soluig ons. 9. A nethod

according any one of the preceding claims, wherein

sai d ReCedsMagk Sid Qﬂﬁllﬁanﬁbfku&k Bfnber( 2 ardidd S)lclééj&mﬁor@nﬁ Fo deifRfate a resolved
conponent  con Jec ng..an initially anbiguous nunber of
carrier cyéfe yonent and a fractional cycle
conpofknsumnlige Sapé rpebverbiateges exstegparpne with eidiragtiongfraslepqmponent to
sai d 1 OVigéhgraie @ preidc@aricr piR@ipvRdormg al cul at ed position in

step Qf“) dé?tI ?ingba%}sﬂgﬁ-pgﬁ{{ﬁ{%gg Q(ﬁlg psyfromzsﬁd ﬁ)ﬁcm% @a?‘r%lr Ma&%seudorange

said initia g? ous carrier cycl
corrponenf”“'f‘?)e"‘(jlbrﬁ@f" &3 1 esol ved i nteger cycl e
conponsehthat ip)d @urivneinge-sont gosit@scblveehs kmtbegerrmined without the need for

COMPORERLnM bkl d fractional cycle component to
3enerate a, preci se carrier phase pseudora

&t er’ it hﬁ‘b 3"1“Fﬁgé‘? iy Pdheporcrtingsuns ¥ E?ﬁelgt}i‘cﬁt %Baﬁ%at least one or
foroonme&eenet tpmetittee inglades p@itioghigasie dySeud ol Arrg ugmentitvn System satellites,
Qﬁ&tl Iﬁa@@ﬁio}( %gtelﬁﬂegﬂﬁém sa&ﬂ% ltsgﬁt)htéabrdan? XA &VNices that incorporate timing

fnl_%‘l e- poi nt position solutions can be determ ned

WHEREIE the need for differential correction. 11. A
-2t hodl p&ittioongliysign tviscleenables p e viof pdsitien predoetd Angmpk &y awg position, said

Whslishd sRRER.QfHsigl d at | east one or nore reference
transmtters includes positioning-unit deyices, Wde

Ar ea '&h g%ﬁ? 85¢i rgﬁerg?téap teé, gica PT P éltsleast opy Tsisisce transmitier configured to
- Navi gat | ener@aingltristog reBysmteansitming kilgiatsascordRg eutkoinicbaes of said at least

or any ogngee@crg&wgagg,gteg hat i ncorporate tim ng
i nfor

o R B b ber bRt St a e ool o e By R8s B acvice

positi orremgamgt positioning systemconprising: a) at

| east one il ehehens ﬁcgnru?g%mngel;p?&mg Qéﬁﬁ 1@ sk gy Sher! sﬁ@&tleast one
one reference_transmtter C?nfl ure rate

transmt ref @Fﬂéﬂﬁ&eéraﬁsagtfef PP Hde °@%‘§’F‘§°"éﬁ’@g‘81’ I o tgh it t las
t he ti nmebaseomefefgapadragimitieemd $2id aplest gne p@itionmpamit device;

transm t tﬁ')r ) mpa}ls ﬁt' delteﬁfi’iﬁltlg Qﬁﬁreﬂ&%’ogdl&ﬁﬂg &Qnavﬁ} agadlgly He@a@abetwcen said
each of said ?t | east one S'tloagA uni t %w ce

conprising: B)eHRueALer st AP e Honi‘”ﬁf”élf’ & i ng
si gnal s tiiansw@ins foegentyyting pridirersmdried vaiuelpedtihinpsignal;

ref erence;d r aRsRk Ie@erm& anifkeHredls shif aﬁ&ue g&ﬁmnmg signal;
posi ti oni ng unit device or_ both sai
r

ref er ence a:ﬁ:%fcer cgrflpag%sagidiecﬁwa«{ anld ér«dg?retgﬁ %lgnals fromestep (i) and said
posi ti oni Ng- umque pehisieniassignal frdm srEpe(iv3 tofdeducechastamsmirsion diffpreace;

reference vﬂ?%{e'éds%}'c%n%uﬁy‘ %Jusﬁﬁgosgﬁ%@&e!ra%n Qﬁ'tx@%m%%ﬂ‘@f%&ld unique
said at least one referencé transmtter and said

posi ti oni ng- (Ao R FRIEeo[d"E % npans for generating and
transmtting a) unidgedcdd ogishisdmidiifyresiegombtizp (Vi wd means

for receiving y@angd;id:GLE&HGlidnRg sigR HopdBhiGRiaPRsH @) NY

si gnal ;
g such that said unique positioning signal is chronologically synchronized to said reference

positioning signals;
¢} means for said roving position receiver to receive either:
i)  said chronologically synchronized unique positioning signals; or
il  both said reference positioning signals and said chronologically synchronized unique

positioning signals;




v) neans for conparing said received and interpreted
signals fromstep (i) and said unique positioning

signal fromstep (iv) to deduce a transm ssion

di fference; vii) means for continuously adjusting said
generation and transm ssion of said unique

posi tioning signal according $p: a) said deduced

transm ssion difference fromstep (v); and b) said
reference Qﬂﬁéut)sle%htﬂgcaﬁzhg{%q{s olth QM%WIQ&t %héﬁlr&%ﬂ%f differential
step (ii); such that said unique positioning signal is
chronol ogi EZFY™synchroni zed to said reference

11{)05|4;§o@£96nﬂ@s;%!cﬁrd@lnﬁmgﬁ)c}am%he;eﬂr sai d roving pOSItI on
receiver HP gnolo i ca

synch f% n eaa{e trﬁﬂaﬁgrcb% galtsingtﬁr %fﬁrtlgf c(j) to genegite jmd&ﬂ%sHut a plurality
sai d r ef effeasecydoysbdroninningsigialy fhatl eshﬂamhesrapldrence
chr oney 0@[d&ﬂlkds%n&%ﬁﬁ&[n@fﬂh1Z&¢cd¥ﬂr&lﬂ%mp1ﬁ&;$ i tioning

Zlog:]?: zn wth S S%ﬁg%r g%zgxfn %d?r sm}{{fnga}%flr]allwof%ec}uerrcy diverse positioning

corrections. 13&wlpositioni ng system according to
claim 12, wH@r eieis f@ yecSdihgsaltplukMBGSF frapency-alde @oiRning signals from
transmtter is stuu raltlgg{ on¥ Qe!?ciréngy{rz%gmﬁtgr&%gg ﬁl%le ogmgm umt devices

transmt a pluralit frequency-di verse posit
si gnal s t hat ekﬁ?ﬂ?ﬁ“*ﬁﬂgmpﬁﬁ%herence b) said at
| east one pidki treamifanindepndenttjeditiogdodidally dyechraping Bich @8quency-diverse

' ) means for g%@ﬂ@x{]ﬁé’@gn@%rﬁ Ea@dqeﬁnéagttolnggafé’?engé Hgn‘rﬁnlt{eyor said other
of frequency- dIVEISG!£OSI

|

for receiving sEPYOPTE: tldle‘flifs 8&%1‘]’?%&8?@??8%)’3 ‘1)%?% éi“'f’rsc positioning
- posi tioning si giged Bonf saigppsiteoningtudtdeti@ast one ref erence

transm tt eductomhat 4i OOl bBEROK bR HPnEinbil frdBM £ EFerse positioning
including itself or fromboth; iii) means for
|ndependentg|1l “chronol ogi cal I y synchroni zi ng each
frequén ci?ldd‘?"tﬂé pasigion magsiyprifirther cagprisinginal  from sai d at
| east one r gf emenERr icéeaﬂ%@hﬂ in@dperRéntl$ HrsholOfingy synchronized frequency-

posi ti oni ng- unig, d gg&g§ or hoth to a respective
frequency-di verse posit ontn signal fromsaid

pos itionin g “h nogang pter@rehq.g@@ comgn timggingpherence as a receiver clock bias;
‘t une- i ncohameRCAIaSwee FRTHBn BABRGSdle@didd incorporating said receiver clock bias.
frequency-diverse positioning signals; c) said roving
lgosi tirositimie eisteeracdorditehesiaimaor 135 whapein ja)d rodagmesifi@meceiver's
cﬁl@@ﬁbd/ﬂoﬁ_gon%adt? (d) RUBRBH @&lﬁ&hrﬁer%ﬂél@-ﬂ&lt gﬁitﬁﬁl/elk%lty-tlme (PVT) solutions.
synchroni zed frequency i verse positioning signals;

15i) riepassiofiny syster @x@died iongy G@blklNTIBANL4, wherein said received signals in

sEelp @ 1dcﬂ§9ﬁ§£ﬁ5}§rﬁmﬁ§od@c Gl?eht nd wﬁe!re%g%gldl? \fﬁ% g dmtﬁ)H ‘Pelgcutzep E’ilétermmes

an accurate position solution is ca

HSWB?J'?D&?)‘P 89 ﬂ@gfes@fnﬂp%%@éiﬁvté’lﬂs dervse o F%%P“’“i‘l{aﬂd%i code component within
epadbgectiva@nignl) Syst em according to claim12 or 13,

wherein said roving position receiver's

16. A positioning system according to any one of ¢laims 12 to 15, wherein said received signals in

-step (¢) include a carrier component and wherein said roving position receiver determines carrier

single-point position solutions derived from said carrier component within each received signal.

17. A positioning system according to any one of claims 12 to 16, wherein said received signals in step
(c) include a data component and wherein said roving position receiver determines data smgle-pomt position

solutions derived from said data component within each received signal.




cal cul ated position in step (c) is determ ned by

carrier single-point position-velocity-tinme (PVT)

solutions. 15. A positioning system according to any

one of clains 12 to 14, wherein said received signals

in step (c) include a pseudofandom code conponent and

wherein said roving position receiver determ nes
18 édgeitminsdvTirttraedias pgheosef dimpBgp 11, whersipbad joping position receiver's
calculgi@lrosigxdl if pIfe)d@erflinpSLid dOERNGO R ENE CraGRTRARIBb2sd I chledlating position-
velocitR RGN PUBGRIEd signal . 16. A positioning system

according to any one of clains 12 to 15, wherein said

received signals in step (c) include a carrier
19.  ceénpotienhg aysmib@p@ing 6 aing oficOMi d@mP OB kd it QNwHeREE bl kroving position
recelvg'%tcﬁemt%&mﬁﬁl it ét%r(c) d§tler9191|esesale Qt] l&g‘r erQ%rgﬂcg@ansc’nQ ltelﬂ‘%]hrgé%%e by calculating

derived from said carrier conponent

carrier sipgleofibppsitigning sylutionsy A nositi oni ng syst em according to
any one of clainms 12 to 16, wherein said received

20.  Sh@BMoRin stt%ltn%&ord{n%)to AnD GhelbflBaifds PR o, %599 gent and
wherein said roving position recei ver term nes data

received isiggpllsgn e (Atingbals i tandan congobetit dodprising @ inMELY ainbigitusRintber of carrier

cycles %%cﬁ%&%al%&e@brﬂpoﬁ&ph recei ved signal. 30 18. A
posi tioning systemaccording to any one of clalns 12
to 17, wherein said roving position receiver's

o1 cal cul ated position in step (c) determ nes said at

© PIREEOYRSYT T Bretigtochihdrivhirah sad reyipgaesiten fggpiver's calculated

oesitouinatn (Wpf pusilt isdnerminglbyci ty-time (PVT) sol uti ons.
19. Aa)p Q'%éotving a7} nﬂﬁtlﬁwgﬁlﬁ@o%ﬁﬂgg lon'gmter(%yﬁﬁg ¥0r8}3§enptt) generate a resolved
cl ai ms % whérein said roving position
recelvermgg%%T%ﬂ?ﬁ?ﬁﬂ position in step (c) determ nes
sai d @t Jueadig sdnesoledddntegceyclecamsnint tviglk sa8l fradctimblagele bymponent to
CalCU'at&ﬂ@he&ﬁ&ﬁéﬁﬁwﬁ%ﬂgkémﬂﬂhﬁt posi tioning
sol uti.on ositioning system.according to any
one of ‘f ol gf?“?f&‘ﬂ&‘@ FPOIRERRTUST Fplugigrs orp %fi?@ﬁcagiewé%egseudorange
i n st epthincepehirpreiveddignd; carrier conponent conprising an
kudik thiahib ¥arﬂér@fng ?M& pr(]H{m%BiuQJns CAMNk Id&érmmgty Qltiﬁaﬁt the need for differential
component and a fractional cycle conponent. A
p05|?|on|ng system according to cl ai m 20, mhereln said

22, rlpesigniposiient espordingie anpeone gf @famtl}!ltailedhermwlt #f@7id atrieast one or more

- referenét t&ﬁsnﬁt@e}s l&fud&'p@sitﬁhﬂ@mﬁtﬂc@c%; %JUA%QUQNema@l rﬁ@t&h Vatellks, Global
er of arrier cC

Nawgatlsog‘ Im%tellhge]: IS%/slte?‘n satylhtesnpselgiglot S, ¢ éllg Qihgrdgvices t éré:%ripor%tgl%.]ngg information.
23. éﬂ?ﬁ@ﬁ éfmdefeflafylmsmhﬁvwgws af droviag @Mte:d ricpveger pesitdhmg system
compri§id P (AL Rhe Metdﬂc@@dnﬁn&tﬁﬁﬁd' PR ok YfobiBoEHRANEREe, 5Qd method
“mmn%§q1 Alepd precise carrier phase pseudorange; c)
ni'ng carrier single-point position solutions
f& om saictth pfiseié ptdast ceatefrrence frinsmiter poettle rEgEMitiigtéférence positioning
eac h| re @@haié t@d:mﬂingﬁ &HMe; t1m§iel§eh.»{ dRat lea&%héigfﬁr@fgé ﬂtra?agmltter, wélerem each of said
SN e 0, U ons can e eterm ne
mnt%outgﬁhgoﬁgméece ??%?gﬁﬁmh "o Prection. 22. A
gosi ti orsrHhgr %‘ﬂg‘tl@ﬁh"aﬁ@w@iﬂ&gﬂ& dsvigmy one of claims 12
to 21, V\A%Elﬁhﬁhn&ﬁféh)rdﬂﬁg Sillaflediond RR&hce PERiothg JINRIE
I ef er @ 5] Cg%nérzgﬂg Sél‘d t tgaggélttlng C aHld ﬁri?iql%o s1ttl|orgrr1] %P %P%{ n wthereln said unlque

devi ceS tation
d obal Hﬂé&%‘?“ﬁ‘ﬁf“g‘&}ffs éﬁ?f‘éll“iltbﬁ Geqagney Séﬁ‘?’ia@&fl‘é*;l ites,
Pseud@blma&mg@mhanymm@hﬁﬂuﬂ@%p@&ﬁmmﬁﬁﬁdjncorporate

tuni ngiv)' ﬁéa@ﬁrf@t d %que%%r dﬁfemﬁuq nggcqrsagiqe@glmcphtngastt n)%e reference

pOS|t|on of roovin osl tion recelve

posi tio rﬁ°ﬂ’¢°n§‘§ ggany FeEYeA gride pqsg«ggqg S@haé (ef er ence
transmtter, and at | east one positioning-unit device,
sai d net hod




conprising the steps of a) each of said at | east one
reference transmtter generating and transmtting

reference positioning signals according to the

ti mnebase of said at |east one reference transmtter,
wherein each of said at |eas# one reference

transmtters is at a known |ocation; b) each of said

at | eaotadiosiieg fodietienqyi of gridifigquendestperable dlock b gedmoimgleded from said
i nterpr Qﬁdaﬁ&d%ﬁtﬁnc@ﬁlfﬂeﬁﬁs tlV)Qﬁkfw‘coﬁs%&tﬁﬁt%@ﬁsttﬂ@ﬁldtuhﬁw pogtioning signal;
;Ioglnfl: \8 dle ﬁ%mugr? na rcr: Frcnc\?\?]os%onu}% smﬁ'arllgl%n%atﬁ;tljog gelay%%t\g?efl sauﬂaltjﬁeast one

si gnal |@feﬁl“ﬁegﬁ’élﬂmwaltdrfalépffs‘lﬂ@welwt‘iﬂsﬁt’ eer abI e cl ock

i11) regrkvinmga ﬁﬁ]ﬁilﬂfd?dn&ibﬂfv%lsﬂgrc&ﬂbd}cfdﬁhoﬂ b&itioning signal (i) and
positi ongmeéivmlqueaoy&mmga% dlgg a frequency

di fference between said reéc at | east one

r ef er e TPEE e TRy OLPig fgverney yecshly clod fer apaitod plfary derived
uni que pésh bdidtivhaiffedncradasufed in sjep (Biland saidiptppagdtivndplaly neasured
frequency, @f (@@h&oﬁs@&mg Mt@tsﬁ@srﬁfak BosBbGiighy. an

amount derived f sur ed fre
diff eF‘}é’ﬁ &8 YIS 8"%‘6%‘5‘@&{%&??1‘% %}‘”“é‘aﬁ"é’ﬁ‘ Fyrfan%an&ew.saa geference
posi tP@WPWSW@GnaI vi) determning a reference

posi t icPrkingviak lg:ralabn rpcrep&aaatlhgcmhe@el ay bet Ween said at

| east one rseagdec enq 1 hrptt ﬁ !

posi ti oni Hg- b i Syn\‘7| 1y qgﬁ?om lﬁmné SR

di ff er enc® bmﬂv\?ééﬁef%wwléwnglsw eidetrewlopigaly pingritnirgd unique
signal (i) aBd;ltmﬁﬁﬁsCﬁnﬂ@CEl ved uni que positioning

fSIr ggﬁlencli.})se %eht eyr llbllllgtll‘lOf f Swﬁ%%sgl?tggﬁmu ﬂlff: {‘ceu en? Xf dgfferalﬁla corre&tmns
fromsaid tinme difference msasured | n step (vii) and

Bai d phepagabidafdrinegs, WRamUr ed i n step (vi) and

gagﬁe ¢ E%{a]lﬁ lgtge %%eurg erencg tralsé'lgi'%nﬁ?r g% e cr co él.rl]relff to (F)Crl]llergtg an% Itrgnlggét 4 plurality
chronol oY |fre¢allel10¥rd'§§fwc>m“@wp&%alf hat s’alilbef tpnefnsehetece

POSi t d)0Rkch gf sSill ateabtHie paamoaagdnurdemeﬂ@mmsmﬁds@rfhe@telsgaf ver
Lﬁlcglu\él Bgssi t hﬁl{:ﬁﬁtmg 21nd§rg‘r|15|%1ﬁlcng£ ul:a ltogtlbf%?ﬁlﬁlnér a‘_j'|1 I’s]ec plgrl orllunz seld als;
posi ti oni ngl) s p‘g’ﬂléﬂng sa&iﬂ:rgw of frec]qpr@ﬁénggq ;@g‘qlqnyxg s1gnals from sa1d at least
synchroni zed WAk &ttence@fnlitb:@R féiQotdr Pa3Aibisn g1 Bevices including itself or
subsequently cal cb? ating its own position wthout the

requi renent of difrerential corrections. 24. A nethod
accordi ng tiy drdgperip8y chignelpgitaliy syechrogiging cash frpapengy-digeses positioning
reference transgihittody saldSst 1Edglr&nh&reraamfahgﬂftadr 4afd other positioning-unit
?fggL:;gyagﬁvtet? g‘ﬂg:gspmocliiismtﬁicpa r.esr?ectxve X qaf:ncy-d verse peomhlmgn% signal from said
t une- i ncoher ene®itiog)z-vaideyiceif sai d at | east one

POSI tsh@hthdd gridiiithd-inElBVeRe 1sfc|d1§1ﬁ15l32[moﬁ@ﬂ'§ll’ fr&@&ncl- hleer&ﬁﬁﬂﬁonmg signals;
Oof - 1 RE0ALAL0G 200 LLADSHLLLLIR RePhiral [Ty Of

frequ ncy éng\?erse 1onrn g ||) recei ving

said pluraliity r@@lwﬁs @tﬂu@hn@ydq&ﬂw@r@ebpe%wmpwd frequency-diverse
signal s from sgifiodigslegast one reference transnmtter

o r f r o m Ot h el r n()es Il‘ ttll osg.{dn Hlilorl]'lltl.tlne gn%(\)/hIm%I?c% aé anr%CeH’Gr C[!’gk blaS
itself or I o5t :

such that an accurate position solution is calculated incorporating said receiver clock bias.

25. A method according to claim 23 or 24, wherein said roving position receiver's calculated position in

step (¢) is determined by carrier single-point position-velocity-time (PVT) solutions.




iii) independently chronol ogically synchronizing each
frequency-diverse positioning signal fromsaid at

| east one reference transmtter or said other
positioning-unit devices or both to a respective
frequency-di verse positioning3signal fromsaid

posi t ifomethng aeenrding Weny ooeqf curs A3 tol38 twhereih ghid received signals in step (c) include

td ﬂ%dérﬁ@&ﬁ‘&fd@&ﬁﬁoﬂe& aﬁ@mm s@ﬁ[}@\gr%tpoﬁldn receiver determines pseudorandom
sal rovin

°°9“% “gﬁﬁ%mg oSfirapugens eﬂ‘@?g% 115%’??5@5%@3%%5%%%*"? 3&31 received
ﬁ§§§1V|ng sai d i ndependently chronol ogically
~synchroni zed frequency-diverse positioning S|gnaIS'
IrZIg Z:e: \r}&terrggtg{cpatciz(oq n Stao Ialgy 0%9 ?TT ﬁnasl;zy éon26a\ér§e8$1§%ach rﬁ%eéve? s161haIs in step {c)
bﬂl'ti’ﬁaé’r*rrllers“@a?nérﬁ Ia%f‘t @tﬁrelnn“»élé FQYBe apditivg reseil e detesinpscerrier single-point
Glogitda sbludxss de2ibed fbm Rt dadier caBBEnthvitheh chdh r&tivdd Bpdl3 or 24,
wherein said roving position receiver's calcul ated
?S|t|on in step g ) is determined b arrier ] ]
gl e? psiat a*‘ﬁ&féi“ﬁ Ry g % elpify 23 fordds t%wvr') saidgpesived pignals in step (c)
3R 1ud? 6 datA comgtohkmd angl cbartial kaitroting ;ﬂ;ﬁyonaaav@fdetﬁinahsmita 2idgl-Point position
%gluno\’ﬁé"lﬁﬁx%h ﬂ'oz§ Qﬁdchatg @o%ﬁl)n\éﬁ%ltﬁlh g:ﬂ:ﬁl c%cn} s:% Lep ( C) i ncl ude
a pseudorandom code conponent eln said roving
position receiver determ nes pseudorandon1 code
g#.ngl eA petheitacqooii toi20yons of clitnks@A & 28 rhiensia chid roaEp ;ﬁaﬂloﬁi receiver's
RieuAa E@ﬁgplﬂk@ﬂgﬁie@ﬂmpﬂﬁm edlf &Q}eﬂmﬁ&%}&mﬁ\ﬁt@&'n el se rrg calcuiatmg

I
according to any one of
mg?%Vd%H%V%$QU§EP&“?%ce|ved signals in step (c)

include a carrier conponent and wherein said roving
BOS! t AGHRthb@£erdiito QbR INNMES2 3G M%femsslnﬁ] Q)Ivﬁg ﬂ)@ih&ltrecelvers calculated

9&%'01‘ fngt@p %:9 ld&t:x’m@rﬂﬁ t?gtilé/agtcﬁnfe Eeg%]eﬁ% rgns ers rglebase y%gl%{lllatmg

gach recei.ve od accor
&ﬁvﬂeﬁﬁ "%Pﬁﬁﬁﬁmﬁﬁu?ﬁ 27, wherein sald recei ved
signals in step (c) include a data conponent and

wher ei ﬁm%tﬂbﬂacﬁ&&h@gy aﬁ)}oék b R 2@({@50’ %crglﬁgﬁﬁ F@e&@e% %‘Iﬂlgm step (c)
osition. solutions derived f rom sa

Qi n

d'ﬁ{]g ac%aﬁ‘b"éﬁ DA CRPTISAR RitPRranbigueps Spglhengf cargey cyges component and
méiativdel agteerdiongt.t 0 any one of clains 23 to 28,
wherein said roving position receiver's calcul ated

03|t on, i.n ste determ nes said at |east one

‘ef er'tRERIPFR g’Ei o fé}f 31gwhergipid zquing position pegaivaysicpigplated position in step
soefickimR isdeterodied = t i ne (PVT) sol utions. 30. A nethod
accorgi ngoitRg ARG argjlgugtlls%hmr g{%art'l c?c?es cc\M}:gx[eﬁt' t§) geﬁg'litga resolved
roving position receiver's calculated position |

step (cfmﬁﬁT:g *HR¥Eai d at | east one reference
transm tenening said rﬁ@b@d;@tebgt cgdd eupatchingth sGid faétdhal cycle component to

si ngl e- ReicAte 2RRSLLEAD LG RQMtdzans. 31. A met hod
|%{;)det(;pﬂagn Eg e g éﬁalns 23 to 30, wherein said

accor

recei S ggiéﬁnﬁlﬁléf A ﬁ“ﬁéﬁrpéwf Rogiion splpiapy R s3id @igpisej cpier phase pseudorange

conponerithigearprerebietigenan i nitially anbi guous nunber of

sﬁéhrtﬁdt 84id 66 SRl CAIM QRN s@itthns Sin'bE @&&hBM1tlﬁMtQhe%eed for differential
onponent . 32. A nethod accordlng to claim 31, wherein

COITCC

sala’rOV|ng position receiver's cal culated position in

step (c) of claim23 is determned by: a) resolving

38.ai d A MttddabdoMing P PeHe U1k %32%&13&@[&5&% saWa@ |88 one or more
ol.ved .integer c

ent.to.generate . a
reci' rgrpz ans?:utters 1n91 Qes posxttlomng-umt Eavnces Wide Area A gmenta¥10n System satellites,
Global Nawgatlon Satellite System satellites, Pseudolites, or any other devices that incorporate timing

information.




b) summ ng said resol ved integer cycle conponent wth
said fractional cycle conponent to generate a precise
carri er phase pseudorange; c) determning carrier

si ngl e-poi nt position solutions from said precise
carrier phase pseudorange wi thin each received
signal ; such that said carrieg; single-point position
solutions can be determ ned wthout the need for

dj4f fe ﬁ%glﬁoﬁinfv sygtgrﬁ (Nﬁ{(‘?fl Engﬂes a:%g\rmg%osﬁﬁ)ti 'FEQQve%%QtErQMQQts L\ﬂl position, said
one of ai_ s 32, whérein each of said

Ipégi'é ng YD FOMRGTE: ref er ence transnitters incl udes

pesi t i efdangreuefertnceleanimias, calfofi@idAf lemt cdeigfirmdeatisoiter configured to
Syste nhe%a'tat@ Lnld'tltm?s%mt refge&pﬁusmmﬂyé s%&l& &@or«ﬁ@é 6 ke titnbasVo? bdMt least
satel |1 tesfé seudol lites, or any other devices that

i ncor pOt-at et f‘?]“sm‘ ““i nformation. 33 34. A positioning

sybt enttipascdre emthﬂneg uaitrdgviba gach 0§ #4id Giicartene pesiifoning-unit device
det er nidaRridides OWN position, said positioni ng syst em
conpri.si ng: at .| east one refe gnce transm

cach df 3ins B2 GRP s 8BRSt R e et
conf i gr edatsdor sgmr¢ingind tramshittivgzenid rhitluerpefigmang gignal, wherein said

p?s: ti @nIuﬁque%bﬁmﬁhgs@m@shgiemgnﬂ aoﬁet;mcytsdemmgek OI sai d
a e as one

eren
posi ti’ m r?&“s ?"ﬁ ey fg‘é‘“"r"éeg%sa‘Sfm‘%“ﬁ P%f"P gping sé%%t one
posi t ivdninsgasder neagheipg & Erequeenypiifosinpgbetiyden pragirgsei fed at least one
recei Vi-ngefaede ﬂoﬁﬁcﬁxfn@ bigial (li)gncﬁsaiid chedded lB@S bosiBiEngsRh L iBNCE
{J?Z:’]glm ?It P%gs%org(%gstmﬁ he)frequef’f‘ S\/ 0{ Isagt{n ﬁreﬁgengy s@eeraFl% cf%nlgby an amount
sai d i i9eyiveqfpe e Ibf‘@%lrﬂti frawmﬁgdl%“?r v) pnd °%’F‘Tq@“r‘i%¥fdwttnﬁ sai
f r equencynigte@eftatihgsigohipck; iv) nmeans for receiving and
inter. p/[)etﬂ‘uﬂ& f%letgrmmgqaqg'e #(%s tl%g%%né blg;{;‘a%Ltmn \Qlayrf)@gvgél said

for measuring a freq uenc‘)g erence between sai
recei ved a‘df’“‘l%ea@fie"e‘&fﬁgans‘f‘ ?réi‘desf‘ﬂ8§°sﬁ‘6'§‘i‘gf‘1nﬁﬁ?"ﬁ@ Si gnal

(i) and) sewd forgeaiusneh i dftreenrdsivicenonid ngeigidgeratence pesitioping

V) neans 0§ (1)6!.9& édﬁ@éca&dhm&efpssﬁﬂhlwal%) sai d frequency
st eer abJ e ci

e aou B FIRS E BHEY AT BTUTEL (T L ST i dived om sid
adj ust i ngms differences meagured iposi (Vilmi i mPmgertipn ey merrrahiy step (vi) and
for dete n;mséalhaa@y aajugtag eanﬁmrqee ﬂaﬁﬁdntng aghlan g signal

propagat e re

tr ansm l{tgz? sa&% u %ue P dsmoan t51 %al}ﬁs rc]hrgrbori]og{calg' s‘)/mcﬂronlzec{ tn)s cp re?crcncc
means PSHONASAIERSi ng a tine di ffer ence between said

I gcei vaehnd fof sail &:ﬂﬁ@pc@ﬂ&i rede@&titdgecivetigaral (i) and said

recei ved | pning si gn )o means

for off setﬁp in ‘?Chpon%o al %nconlzstugguea{’ﬁﬂé&ig? SI%'?iS

“period of i r’?efhdfé‘?ﬁefﬁé’écefpﬁ%tr?fl‘sl&'f‘@alsﬁl?dﬁ@d EFF?“P@E@%‘ éymhmm“d unique
measur ed i n pdsifipnifg\sighdls; and sai d propagati on del ay

measured | oSy kBl «CANRREHENLku Al HALI DR SR bfrecenia

uni que positioning at said uni
p05|t|on|ﬁ@“§W§ﬁal is chronol ogically synchronlzed to
said reference positioning signals;

35. A positioning system according to claim 34, wherein:
¢) said at least one reference transmitter is further configured to generate and transmit a plurality
of frequency-diverse positioning signals that exhibit time-incoherence;
d) said at least one positioning-unit device further comprises:
iv) means for generating and transmitting a plurality of frequency-diverse positioning

signals;




c) neans for said roving position receiver to receive
either: 1) said chronol ogically synchronized uni que
positioning signals; or ii) both said reference

positioning signals and said chronologically

synchroni zed uni que positioning signals; and

subsequently calculate its own position w thout the

requi renent of differential @&brrections. 35. A

positioning systemaccording to claim 34, wherein: c)

sai d at | ea¥t meane for efceirinpesdd plprality of frequency-divérepr posiGpning signals from
confi gured t os@eaeleat Qnﬁfﬁﬂcrénﬁcaﬁfﬁmﬁteraorpfr&ﬁ aktet )Jos_iti@ﬁing-unit devices
frequency- d|v%]§%%%¥ﬁ&ﬁo (ﬁg signal s that exhibit

ti me-i ncoherence; | east one

posi ti oni ngs: unlt g§vd [ Fer]co r|3ﬁ % npan

for generabl nd HN& NI PRy B AP 'i°i“§1 ach Trequency-diverse
frequency- di vergtonyesianidingid asjeg ategefe@rcevansmgtgrar said other
for receiving pS:ﬂthdﬂm@Juhhf &dvictyor 0dth for .06 QN GY/ irddlidh8Y-&Gerse positioning
p03|t|on|ng Si.onal s..f Sqmmnlmngvmg | east one reference
transmitter or from 6the HESIT16ni ng-uni t devi ces

i ncl udFieh thet Sg’éltlfmrblrmlferee?ﬁ ify¢Hmipon yigngsiplh freugngy-diverse positioning signals;
|mde@ﬁﬁdﬁ@b&ymﬁhﬁ@ﬁohmgt&ﬁbh%msynchron|2|ng each

ooy Ol 3, BOBLLL AP0 oL ISR G scns
posi tioni ng- un|¢wﬁéW¥@@§%@@mboth to a respective

fre quency- diiw € MSeghs ﬁlﬁﬁllet-pi'&lﬁé sﬁig conﬁ{oﬁl ﬂﬂé-xn£oﬁ&£ﬂc§a’ila ebceiver clock bias;
ngﬁ hgt ag chc r}' gosmgn sol%tlon 1s Chl(}lﬁége% mcoraor%tm%fard Teceiver clock bias.

i nco
f3? -equ érP@i}U@Wér%eél 5(36’341113 19 mmc oclgima P& or 35 dyhersin sdidroptgmpgsition
PaSikvdrks Cdcul2€Q RbsitRA infstdp (]S BetBPARAIDLY SdrritPsingleldojnt FPBAMSyclo@y-time (PVT)
gﬁ&%ﬁVlng sai d i ndependently chronol ogi cal ly
synchroni zed frequency- diverse positioning signals;

3] nﬁ%BﬁtlJnglrg s&sMthﬁﬁé th gnysbﬂé Qf AN, 36, wherein said received signals in
ti me-incoherence as a receiver clock bias; such that
atep @riodndetagsquoganiomn mods elripbiedtrind Sheedsd @id|raﬁr%d>osition receiver determines
i ncorporating said receiver clock bias. 36. A
PRSI S hiodiae seteiorrgetved e ﬁ@uwan%?mépé?éomneﬂt within
erh i8bivedszedlei N said roving position receiver's
cal cul ated position in step (c) is determ ned by
carrier single-point position-velocity-tinme (PVT)
ol ut 4 8priionigy Sysﬁmﬁé@r‘fquﬁ?“ﬁgn"s%fﬂa@m?’éé%ﬁr whargn taisl reggiyed signals in
ﬂéﬁcﬁﬁcllmle alc:mier%émfaﬁera @nd Whediedan rSﬁtho&iﬁG]ﬁfe\iﬁd:r btghdleScarrier
é lcwr?c;uﬁ Q)os(tt?%l\ s,oln’c‘i;qné‘J %gve% frg = %aliI (%rrl%rn c%t%rgngn?d %fm €4aC recelvcé sxgnnld
erein sald rovi ion recel erm nes

geudorandon1code S|qgle poi nt 0$It|0n solutions

Bri vEPTHYRE 4y 245eRnE GBI RIe M clieS4 oprdsetsaigiopdiethsignals in step
da dhludecieia v@thosdn Qi @ivheredBaid Aviag sdskibrrBdeiv e dstyrBir@4Wata single-point position
%G]&Bﬁs‘jdeﬁ]\gd h’gm Qa da& @(ﬁnpgltent%(?i g}ch %g' 1\Ie9 s1§131' wherein said
received signals In I nclude™a carrier

conponent and wherein said roving position receiver
et er AbnidBnicaskieR accomiing® Sy@BioNiaiROSI tbi39, ﬁNhSﬁinLéE:H @¥ag position
g%deyﬁglcﬁlgtgﬂogﬁbgm%éﬂ (c g&errﬁﬂ%%@ gtriéastvt\)/lntt: 1I:t]3 crence %:agsmltter 's timebase by

recei ved
calculating position- veIoc:lty-time {PVT) solutions.

41. A positioning system according to any one of claims 34 to 40, wherein said roving
position receiver's calculated position in step (c) determines said at.least one reference transmitter's

timebase by calculating carrier single-point positioning solutions, -




39. A positioning systemaccording to any one of
clains 34 to 38, wherein said received signals in step
(c) include a data conmponent and wherein said roving
position receiver determ nes data single-point
position solutions derived from said data conponent
W thin each received signal. 40. A positioning system
according to anyone of clains 34 to 39, wherein said
roving position receiver's c3#l culated position in
step (c) determ nes said at | east one reference
481 arfspasitiveipg system pedoaia thyny cpabtaddims Bhty 41, wherein said received signals in

s %d) lidcRBe ¥ 8IQE b&rﬁﬁoﬂeht@&nﬂrlg}@-an 1§19ilHtahﬁE|§us fhthber ¥ carrier cgczes component

ten1accord|ng to any one of clalns
@%“%ﬁﬁmaﬁ%% ’%mgﬁld roving position receiver's

cal cul ated position in step (c) determ nes said at

4|3 eaStA @Elﬁorﬁr%fsﬁsﬁ.@tneﬁzeor&lﬁﬁﬂ $Rint 4% ¥%hetein §a|1(ﬁ3h§g3;ﬁ>519% receiver's calculated
i bl PR Spahligh & PO Nt POSI {1 ok 1g

go ne. ?g oSl |on|ng system according to

any o FDe t?FO"el}gaﬁlﬁelt@uV anbigops nuggherroé farries gyeles ompongnyedenerate a resolved

signal s m&gx&kﬁpmﬁﬁ&mﬁnclude a carrier component

g;g})res)s IC glgnmnrggesa{ resol%f(ad 1¥te¥er c %gr%g ngrlé 9/'\’(1: éaug %ac%ona{ ?jrf:lre component to

43. A sweﬂePeﬁ@ﬁgmevskeneaeeemeung to cIa|n142

wh ere :b)n Seberrhlnih ©A4HdCkinRR DbikitipsRtioh mbﬂé@rromSal@lﬂécﬁbu:aﬂ{eﬁﬂase pseudorange

pos't'O”WMEu%ce&mg%g a[ claim3l is determ ned by: a)

resolving s é‘ AL al y anbi guous nunber of carrier

Bichd gwwmfemww Pegiiqe podittiensgpar keglglesmeinkd vithquegeneed {or Higferential

easpanent ; b) sunm ng said resol ved integer cycle

conmponent with said fractional cycle conponent to

%gnerate a precise carrier phase pseudorange; c)
ﬁe%omwﬁ"wgw%ﬂa?r Fepadingto gup @ 9b¢lpims pbty] 43) wireratodach ¢f5pig at least one or

inbre R fEaice trifs @itk BclGdE bdsesnurghaﬁ BevREL AR BRUR MWl System satellites,
Sggalf' Nra a?lon ?a(?dl%e g)‘s%m sateIH = Pse;ugl tlltCS alr CLB)g gtécr d%wccs that incorporate timing

si ngl e- o €orut rons ¢an et erm ned
Rforryoft: the need for differential correction. 44. A
positioning systemaccording to any one of clains 34
to 43, wherein each of said at |east one or nore
reference transmtters includes positioning-unit
devi ces, Wde Area Augnentation System satellites,
G obal Navigation Satellite Systemsatellites,
Pseudolites, or any other devices that incorporate
timng informtion.




