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1 | NTER- NETWORK OPERATI ON OF MULTI PLE LOCATI ON

NETWORKS FI ELD OF THE | NVENTI ON S The present

invention relates generally to systens and net hods

for generating precise position determ nations for a

nobi | e apparatus. In particular, the present

invention applies to precﬂse tlne of -arrival position

AR RINEWORES DPERISITON O FIMEE ML E DR TION NETREORK S

constrained by prior art requirenents such as

physi cal connections between transmtter beacons,

such as the need for atomc tine standards connected
Fitim diopaghviramsm tter, or the need for differentia

correction techni ques. BACKGROUND OF THE | NVENTION |t

is well understood in the art that precise
The ; PRECnG ALVEIIPTY \Gtes FETAly df Suvamer 38 iaettiodsn ©oF Eensmfigneresie position
detgrmipptiotshfier dlibobilcappaata.dy patculbdide prsam smixtnctnapphed 10 prkGse B E6tarrival

pos’itﬁn bdePminBisd syEtéﬁd:' 'ﬁ@'ﬂk@ﬁt\’imfeﬂfoms ntuhscnggau‘k& W zlntrg{mrements such as
ione ns and connecte

P R Ry P Pt RRPTL I e TRy Bt o
“WF““%PF theasedfer diffysntigkearrestion grphniguesi ne- of - arri val
positioning system However this rudi nentary
BABRERGUINPOR NS ERALAS highly i npractical to
manuf acture and 1 nstall due to the requirenent for
precisely timed cables distributing high frequency
It ig Yol ymderatriog irathesarot pregist tamiof-ativaly pdsisiangeteighin@ i NC @pendant upon the
acmbﬁy YER IR Gk ubh. tIIEﬁs%Et M eMta %r@ GrS 'tr%nﬁér‘ﬂ%tﬁs ﬁokl{ﬁ"ned at

knoén locaﬁo g‘rf%]ar ds W;a af:grﬁm nrcla{‘aﬁks\lgre]a ee lde zcéglgrgﬁ c%bll]ea w%ﬁfr fe(g.{ tgcabasm

for ﬁ%‘?"f‘@’a’é‘"ﬁl e?sé'P‘é’I&éﬁteﬁlefé*é‘{evﬁ‘é F‘“Sp@’g?eti% nesiiowng spstekoriohighly impractical
to tha@F@tureOMd @iall QONGE togilrein@rt for p@é@@eﬂﬁﬁmblkm'ﬁﬁﬁg hlgm frequency

timiheS SPQMS $Rerl pgteﬂigl%" H Qlais teg%%lr BealoltC %ltyrgagveq grecx%mn at%nll;ﬁ time

Sm%aﬁcgrlﬁl%&t er eaconst rections ar
Epdor GRar o \9? igsiallpfl afpechferpitier ipeon 19d wepitpred using 2
refelgrrg cooviver poitionsdl sageranibeatiot and ABiNGc8S foGireftiencel §@¢base. In response to

posiffilidl I@%ﬁtrecelm%m tﬁaﬁ‘zﬁerhﬁc:r %ea@«ﬁ? |ctol:lpgbha>gong %QE}Q lfl‘glg life Seference
wherei n cesi.um and

t
e R o B DSt Gl PR PRl B e

Safelgtai’@rtm%emchwlqgﬁs s GBS e@leﬁuﬁé Gl oher@e gpaim and rubidinm time

stand@@dre Mbidlled ¥ 8D GPE QfelliRgwit die IR Sr&ad &ln{rdl E@ﬁxe@- Bdtinally monitoring
| 1ite_ever

all Gy@salehl%&nﬁ g;;—ﬁriqugglﬁocﬁ o%gl;sl Q&l sEzéI%t? evg twen F {uﬁl urs. These corfections

tﬁ 6‘% o‘tlrs hese correctlon
are e ‘6"&%&" P LT hRAigitiap meage & ﬁPa‘iﬂasgamwwntn@s@aagemonmg
algorjtigns WRGinUeGPSeger eguipwrit, cas accéuhafor P@Bitetdoainénde) VAEILGO lehst RBBGPS

satell‘ﬁéstlb hidw ] t J‘Iﬁrﬁ%ﬂ&ﬁf poﬁ%l i E@&Mph&@cﬂm%% QLD Equf&% nt using a standard

| east fou

[Tt I
ol B o5 PR B T (- BT O i s s

| gencla’éyd@mﬁ o sthedabointpotifes” hydtese shitlkdiipthest  usi ng a st andard

30t echni que known as a conventional code-based UPS

St ol andard techni que is also

Comp lalona! C??e— d H‘E’g aosnéwns so{rt]la?n e(s:%c Pr‘i’{“gb“&'é‘?'? i on" by those
In °°%‘1€i“1°115é EPdF hasidtﬁé’sdhet latitudp Wéﬁ'ti% analtingy efenshimipbdost)obe earth can be
calcup@® frénh OB prE@AkAibn thids .5fsaerpgduﬁmpg)m@hls P65t lchdd hr dm% satelhtes in view. A

GPS ﬁ&ﬂgler%(és% co ;?&Lﬁonp 9a§e%qm C§i i eg 0} Jgtgrﬁeﬁ uge%ér t pS cliotragn o code

altitu 0| nt YAl
Crfigineiis Wi EgPETGIGR R oA RE I it Theppasnred rnges
are reﬁvm ¢ as@rrndvgnsh grﬁatess aftime differtnct, @adibet, bhawen P08t @e kdtdliBS and

the clbdR w‘iﬂu@ We GﬁS 1elRRer 1B By tﬂ%ﬁém&%ﬁ%m&PHH&L @ts}ngtgtﬁuzed with the
satelh?: oons Ilation c?o orr L ation 0%, i nt er pal la%lfﬁ?ener at ed i
sBOdor shdom c 8 Fsﬁlﬁfu?g UBFREES Biclhreot Bupbpag @ sellite’s

pseudorandonlcode sequences from each UPS satellite.
The neasured ranges are referred to as pseudoranges
as there is a tirne difference, or offset, between the
cl ocks on the satellites and the clock wthin the UPS
receiver. It is necessary to ensure that the
receiver's clock is synchronized with the 40satellite
constellation's clock in order to accurately neasure
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pseudor andom code sequence transm ssion and reception
of that pseudorandom code sequence by a UPS receiver.
A navigation nessage is also transnmitted from each
satellite, which includes tine information, satellite
orbital information, and satellite clock correction
terns. For three- dlnen5|ona? p03|t|on|ng a UPS

s four tell s to oIve

pse %E&' (\)/n? Eodg s? uenlncre ransm ssmn ang fecegnon (o?th gquo)ran%olglndco Sﬁ%uer(cta ?y a GPS

nowns
reg&/ﬁr A@:ﬁ\ﬁgﬂﬁand?eﬁsgﬁslp @Ffaqranmﬂeg))froxp geeh 9t N@leh alpltxqet traeinfognation,
safelliX @gbjtal aufigimdtibr, @@ s@tielclotit @r&tignahs Farieda@nidiidn@odi@ning a GPS
re&QL'r\{‘&]unt‘eQ Foud S.thlgt@ s#gﬂhm&’é’éﬂ@ fopthe ﬁ)grsdnl’u}owgﬂ oéé)sﬁghd(x y)) z)%ncgttme (1). For

ent.| code-b osit
*‘”"' WES‘ %’%‘2' d P%B*P’éﬂgz %“%43 GV eed th[iﬁ%“P'&é@Pf\Fé’Fe *""Wﬁ‘t‘iﬁ" sgfve for three
unl‘ﬂ@as#*t of pesitipn Ganey)apd dme ©OnA wonasationplivededasprh@Pd pobifiontselution is able to
prél@i @ GRS Reiva walbha Matitr@r faknige mdrieﬁﬁﬂs%a@aﬂﬁly th teldhine an absolute three-

diRBSbbi (2B AanAEGY Lely 10 to 20

lne é}é E%%k S dgnJEn%?%%gng%%ghggée doPs position
solution is an aut ononous sol ution, which can

Thijelfoeventiomd Cpddised GRS pas@ion edlttiyn is N Cutbniomr@s (sbWWib), wHidh e fetermine

po&ltich f RIEH! ‘Jmaltlmg Qﬁmcvtlﬂh&ﬁ] dfﬁ@r‘éxﬁx if JoQJRanQLﬁ rfﬁjglcr%ference recelvers It has
known as a "single

there?oreqjeq:pme %\g z}s 8 ns lpOi{lt %Oﬁl(f-)?n S°1t‘t}% mﬁ?z t'art Convent i onal
Code based Differential UPS (relative positioning)
CodGWitdnk Cade-1as:ll Birlcicalie dPRGastivapitici@y C ti mebase the

WlHPa’g‘ e%ﬁsﬁgdeJcéu@Iel aQJ?mJ t%negzmb )ﬁe %?;? @RLt«glat%]; wocgn ca Ibln %f ? {)leJcP ? a GPS

recejver wth an. absol ut ree-dl nensi
oot o TP REN BYGorAFIRE) o PRSP 10 7P et This i ue
to Yuemepgon dfi positiomingsjahalsgioneis nps értor ©mras|1)Singspdris ddlay GP) 1paspheric
delBR [3§)Eph@1{eﬁ§3§rmls @Il)l Ezﬁ&ﬁe cl((cll- Yirdr QQQ@@ b&&%‘? adigl ilégl)lpath Ionospheric
ener.i s error
deléyrl% el vI gmﬁ ddc‘kexﬁ 7P oY ¢ 15'% i WS DS P G Lusushhepds of ionized
par(igy mﬁl‘ill‘tﬂf’%@feh'fmﬂoaﬁ% ﬁﬂfé’r‘% te tisidelyy ckpsriangyd bx/elecipiurgnetiq vages when
paseley hiyuge XPBluie i &e dovlay atﬁbsﬁtﬁ:fer BIKBEHIE Ertof isWWEY @SeraMS8tween the actual
satfm@esl%aﬁw aﬁdm;eq:U%n 91%&15@! b9 atéélg{érﬁgﬁam %ﬁ%ce&grn% 5€ 1!3 51? ﬂ(!bl;g ggngrgted by

th|onosF) ere. Tropospheric
© BEalefeiRpiE et P Ffé&fffr“dﬂﬁ@ﬁmeélgwé%g capsd By I9slized ﬂ@mi reflections
i ¢lgsr prrghitntoiasEhFrreceiver. Tivendjcowedt datcrosphars arcbphiliyetoirgated over

relaﬁ%[y(lﬁorﬂ @xaﬁdase(l Q itdnt 6 @&Q&ersl? %iﬁ@l@ﬁs thﬁl%@@xﬁ&éﬂt Gﬁs'i;eﬁellvlexls LBhin this
i C

pro:l(ug%%:o Io?en er .wﬂ 8%5%\' \S/{g:, Isagng i eS t is td%lgfmﬁ: dnogg gt% H&mér{; éba spatially
conpied ger SPW@FH&P teghpigeekneyi 2 @l@ﬁfreneﬁl OPGciiort &irafesnee receiver placed at
a wiilknbvndechtdn bdmptithsen Sds@ﬁbabseﬂﬁllaﬁgy 1€ ekt Yg[lapi/C&kel:tZ @Ghen measures

the &&Mseuﬁtﬁin%ﬁg ﬁ&]ﬂ 91@ %Pé Qlteﬁi $§1§ &a%é h1£nasg|¥negl %seu%oransges ﬁ'og the received

receiver Rese error.s
Pse‘?[afattgﬁafowg@&ff?e@? e irton rcoppighie {re¥igy- Shfpfprence receiver then
sendd| thebea proreionts | 25 aligitilahig 10 fthekGHSORBIvaT W) an KR data IMRRMe tAPAtreceiver
substemﬂgl bdd @b Brreldom th BE sgeyc@raﬁ»gem Fnbbsfes (01 e 1%9 §a!te'iﬂtés Yo Vi to the

sane errors.

serve
refe{eﬁcg Feé ‘8& (E&%%‘\él u}Bﬁmé atp%sltﬁorhﬁ) ug%Elfq?éorgla%tP Bcrt!r errence receiver and the
GPigterver|amtepmplataly romoved by thie Brogsdriva fncarrdlaged lemérgerecck svchva maultipath and

receivEdnbife@én@iti tBd ps@ﬁﬁrﬁz@&tab&fbsequ&tlf &fek %&ﬁi@n zfc@lfia%j{ PEsition accuracxes n
the E’Jde@%? gve@attl e e achlev e wi O% et-llasoecri] d‘t;for% ial'i a fic? on m rl“?v l{lultlpath

pseudor ange for each satellite signa
nvifoRE®Spasur es the recei ved pseudoranges fron1the UPS
satellites and subtracts the assumed pseudoranges
fromthe received 30 pseudoranges, formng a
meetfeh$ntk range correction for_ each satellite in
MR CPRETPEPEYER e ST RN ®ends t hese
corrections as digital data to the UPS receiver via
an RF data |ink. The UPS receiver subsequently adds .
these corrections to the pseudoranges it neasures
(for the sane satellites in viewto the reference
receiver) before calculating a position solution.
Errors common to both reference receiver and the UPS
receiver are conpletely renoved by this procedure.
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The user receiver can neasure the fractional phase
plus an arbitrary nunber of whole cycles of the
carrier, 15 but cannot directly deterni ne the exact
nunber of whole cycles in the pseudorange. This
nunber, known as the "integzr cycl e anbi guity", nust
be determ ned by other mean& Traditional strategies

cfm%nu&ﬁﬁ%}é} @gm cn%&m hB Qéﬁaﬂspkﬁaﬁ{es ala’gf faua%ée b%éveénadhi reference

I|nt E‘ iroa cl ass§ search
TRPHBALS iR SRE P darerE PHBYR 0 BRI e meosrsd
thyeefrroy secd st wo the yieakedivirns CAgtSatfeoustedeivtrggetledaycbv@-known location,

cﬂﬂhﬂe@dﬁh\ﬂ%e&z@i@ﬁdﬂtphﬁﬂmea&r&&&h B UGkl AW wASnd then broadcasts carrier
phaygI aqg t(J tﬁé’]l!lsQQecwaqa bq{% data ll'ﬁ‘-oep %ecri ée%gveﬁ%lseorcgpcmes sunultaneous phase

non- 1 nst ant aneous i nteger cy
A BB G pieliiteadn Wg ri’ﬂ‘l‘ f‘ﬁbﬁﬂqﬂélg COIpRYtef P wleaéer ‘é‘ff‘tfw to determine the
redipydl @p ustrrevgive with @spedt tortiedbftrnodvadelvyt 1dcition. URS cdudier ptiag nleurements

ark b BEMSNSHIESInt bQed dﬁrﬂw Rph& %qu@nﬁ:ﬁ glﬂﬁﬁl&%t S ﬂ@éhm ﬁreﬂtlzeﬁcms from the

SPF AR, S G0 WRBVRE B v et 7 s papiAe g svene i
phes H%&;t&@msm epwhwmambﬂeéﬁm@ﬁ reedivest. Mate ergeifiesily; thp adyance in carrier phase
dBIGLD Rk iS B@:Bmilidd byl SiedGrind SR WAa: DEGRr FBE 6¥eV @t inRRE of Me epoch, hence

&gﬁkgﬁggﬁguﬁggqmg£§g$y anbi guity of the wi der "lanes"

fornmed by the bea requency signal. These, in turn,
greatly reduce the volune of integers that nust be
Thsear eived ctronquegchafec@bd pesd rits egabirayriimieriol Yholekdydeswaihacarrier,
bu@&&ﬁt dirédn Heﬁenfu@e[ AT RnFELR Qﬁiﬁ: Iéé‘ mftber ﬁéuhéfan%p &his number, known as

Lregr I at C
the in egg | eXmlEa%] 1yp %sgge d%tertmmeé by ren%elaﬁs 'I%d Bglﬁlk(sgfite%lfﬁ gor {i%oévlmg carrier
PhFSé &Ry éfrlblg‘%fefaw Etoothusmprepd cmsw el irpghofly filtegjpgt methoils kad geometrical
maofsS Utesd Matitichial fetheRtdoalot ghaltl dnsthpdhadue intadtraScle GAbIGIItN Gesolution. A

te&iﬁ&u@ ﬂn%eag G\Vldé’iﬁgngd eﬂ% @Q{l ﬁ&cl&:gc‘ls gtdv&g)mg%qlo = taEe%v?s mte%er cycle

reception erent | ata cause
abiguy PR a*ﬁdea‘?f’dr‘grﬁﬂ“tpllﬁﬁ é‘tdhﬁ“&‘%twg ELTig TperEisy tﬂ%‘h the GPS L1 and
HMM@@MR@@Q&@M@@MQ@@W@Yemmhﬁmﬂxa@ymamy*ﬁmmmghandmfe@mumgmﬂmn
thd W&v@leﬁﬁtﬂ;'ef thé 6 1rfdﬁrldl1é¥ E&e%n@oﬁeueﬁlgsﬂes‘b!uﬁﬁ oyﬁgﬁ{e rsa;gm be accomplished

by%rﬁeps%ldotranﬁe o%s rvtatlons f% d%egncl:ng l;ﬂe eger am}:clgi(rzp ﬁg e w1 e‘1 Japes gmietfi by the

convent rona
begh Gempsoignd dihseibimsBtatiesdbohe Yohme pigupses ﬁkﬂm sggfched to resolve
mqmﬁgﬂmmmm&x y, z) and tine (t). CDGPS uses a process
known as "doubl e differences", which elimnates the
recei ver. clock terns for both the reference receiver

The, AR eREYS dyr DR imptpds aredistiy e ripttegy and fofgaey pE @ RF data Jink, and,
secpidyethy &rk efdimedieteariniioneat Aeowr adeeivep Othi Wito banvvitith of €8 RECkta link

corlstehink hlﬁer&n@zfl @aﬁ;ﬁf;}@ﬁe r&@scﬁhsﬂﬁ EiatepthéJc} in@ Eﬂegra@hg po%ﬁﬁqgﬁlracy Poor reception

or QST Sy Ol bl PG el s s
Pﬂﬂfj\o’e ejeuesy khbrwll endgesultf in doval disle Gfleg end gy ppwtivp updatetye grerst She second
shovt@inthg RE ORGP @e HR oMaRY détb%ﬁﬁau&:p IQJ do@htiofd Smglé'] ¥t \Sbﬁlﬁn solution

d c stems. The.
solf&? HJEH:L?) L m%@?sﬁnﬂn g{, S ganodm ?thra tG&’Q uses Proces own as “double
*ffggngﬁc i*hich¢lminaiesthe tegspyy c&alf (§hos &y {:oﬂs%nle@we recgjver and the user receiver.
ThelRg@3 the bidet receibergaditeaineiacuARQbdtidh walpRipead ﬂhhdxselduct: aac@tedposmon,
but %otﬂﬁéﬁntﬂe Qithe d'ﬁizsefs %ﬁ@&r{a&qf 'th§ uLep & sldﬁ)%r gﬁd S ot s{@@ﬁﬁgsm@n

HmMB% ! a%l G gtens such as pseudol it es. tes
AT &Y FeBPlss PRE et B EoWUEHE PORKIPEBH (LY user applications
invebeirer domputeh acteaks Dnd felepamtupigdtion UPSensy Bie davs ofviithchdststmimatign is a major
proBlébehisfotiQualith CDGPOSor 4G4, 1 equi rements. They can be
used as additional ranging 5 signals, and also as RF
data links to send differential corrections to user
equi pnent Alternatively, pseudolites can be
synchroni zed to the UPS tinebase. A UPS receiver
determines UPS tinme froma conventi onal code-based
UPS sol ution using at |least four UPS satellites and
passes the determned tinme to a co-located pseudolite
transmtter. The accuracy of the UPS tinebase is
constrai ned by UPS error sources including
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Carrier-based Differential GPS using an "Omi - Mrker"
Pseudolite 15U. S. Patent Nunber 5,583,513 to Cohen,
titled "System and Method for Generating Precise
Code- based and Carrier Phase Position

Det er mi nati ons" descri bes a differential correction
nmet hod whereby a so called "omi-nmarker" pseudolite

PSEI eSS nBugnannel for relaying information to a
positioh receiver for making differential ranging

Aaog}err aé’ErPe}chﬁgd te e&lGaﬁ.ﬁosgxon Aiiqteﬁ]ég'm%lgs tlh?:)usgr Bf) grouqq,]téised augmentation systems
suolmsipsen@likse Pse:ptglgud:@)i hetiwopaniedigo dasaripnplatbdamd Garrier-based Differential

G@gyﬁm%dh&ﬁlanymd&lﬂdﬂﬁi;mﬂ/ﬂﬁﬁl&@xb%qw:%en%af&l' lczlntl:% u&ldgpﬁ*jdﬁmnai ranging
are "

%S andr a?s % dga lmk fegg' «? &%rentu%i ﬁorrectlons to uscr equipment Altematlve‘ley pseudolites

ecel

cafrhwnchtoﬁéfd (‘_ﬂ}{‘e <§| tﬁgbaefaﬁrqf’é F“ﬁﬁddePWeé Sa%tﬂw‘r?ﬁb?rf@me@ona' code-
bagdd @PaCGhludh wiheatheachn GRer ellites b ipadss theSde@daat ltiyhe Pph A S@located

ps&gm% ﬁﬂ;mni’& tTHe 50@&19:? QF thL erd nﬁébgse 152%%@1211%9 b9 Qilflgl ter?tfr Q@]Fo%ssmcludmg

32) .
‘°‘b°8"§‘f’rt"|"“bdr¥m?° ér?C\?a‘Fy §’§ %ﬁf*}é‘aemh saighite SOREPD ‘frT°§; F“’ﬁ“g""%ﬂ"F“c prgpqultipath.
Timpgeeirapissof prpaiximaoly Sty 180 grmdesndf sroavhitvilde HyREngsihg @S| tmptase method,
howB\dr 1Bk 5Dt e&;i,.oya& acdu@fibs@a% @tthe dlRSorRASbinicRRI TG 2&kGIYA Buch too

f.L.Qm r pseudolite, and subsequently
cocoerrpllj)gwé%ﬂ stoél?%%tlgal range neasurenents. 25 Cohen's

differenti aI met hod elimnates the need for a
Carrierchiadedl Difilentitl GPS @ing dat@miliiMukker dseudadiygli r ed by

U.S PR N&hﬁaﬁﬁém $048cARd iR F‘@st@rﬁ mﬁ%ﬁlgd i %&%tﬁé‘%&% Code-based and
posi tion .r

Carr}/er %ha%et ]i’ors lonV\SeéchI{}%mrBogﬁmw ng'g%(r t1111 ct)téegtmgr{&etho gereby a so called
Oﬁﬁmﬂﬁ’a Piewtolits pegvea ssa ehennelofpnygitsdngdnfefinfitfop teen pdsitpn geggiygfefor making
diffERBENRNR e&maiae;qedwﬁnmgm@mitmy KRS omBi1GHAR} [Scvadliite Bakidstribed as a
on(.adll lnglig{' @Jh&é%g IGng gzl?ellﬁe gl‘lgfgeétetﬁl II§ %ﬂset % the own omnj-marker

er smt dua

gener a I nal vi
PS%‘%IIHP&SF*O%\W&E PRIGOR BFAYEH Ehte: b T PEF Lol PR cach of
thevhieoy, manigeksigngls ts hecnahise pakerkre WiICBIPRE @xhe dommix@MBdpaes in the GPS
mggllsr(bﬁﬁﬁrl 6\/ lme§ ikl t§3%o§itn&1@%¥é‘ 9&1&&1 nﬁ e otfé@@lknﬂ aulqgﬁi }eyélwgltmnmg

e R T3 L P 08 R O T Sl B g e
psqualiisi ao‘ésuhsnamﬂep@puiﬁs dafer,eewwm memimdmendi-f f er ent i al  UPS
receiver, adding to the cost and conplexity.

N
o LS8 AN SR AR U0 g
code gndspapioifiated differprtipl EeemsNdtRE lan @wm@af#errmsnﬂﬂ AFreltes Py pidb receive
bothl 6B% salchies argl otlhifrfagkeesipnilado cenpite @ @ifferaftialmhocsumiedt clyyeivng omni-

mafkEt MREK a0t vﬁﬁ’ n&azhlla@q poSHic L&Gﬂpulaﬁ&”%ﬂ& tfe mm-ﬁE}E’er Rk Qe and

transcei dolites serve as channel s f
sl R T PRI GAPRBo T Tuh e B 7y e chyfmi-man
comfilef fad @pansigel Cgetlyr this vatlil oquigfup trseelvepadviduplgransin@eipng firm a single

-makier) @ﬁrth%rl ah (bnaﬁl)larkes%ﬁml 18deivir€RGRQSIhNE HeSRcRE channels of a
m%'entlonel(d@t I tgl G[%Orgcllf‘:ige% tah t?o Oé%d%{? na?] te e rb i gg gls ock

i ntroduced by the gr ound transcei ver hardware (Col umm
Differdntial Rki}e MelBrementOubing NG rdufd Trdikedver | Hs@i@disck t 0 23) .

U. SSPa‘i‘e\é{}mn@& 6%21@2§ Io%ﬁmﬂt,% led%&t@&g@(ﬂ&hﬁﬁmé&gﬁ? describes g differential

enbodi ment S I ncl ud I d USEer recelver ferenc ng

”jf“&ﬁ Pefhad hrebx 8 P‘%‘?ﬂ‘ & S& P ARy fengmir U BT UP LRI IYeE é’Fe“d"h‘eS
serg| ag) pfahnel Bo Iralaying Mmfenhitioe ® 3pbsitia r8Giyer &m the clifzienialdetern{inatign of vser
posﬁloﬁr'@ﬁﬁunﬁ ? %ﬁés\é?fo 3@} Eﬁe%bﬁp@dcﬁkg ﬂl@wetof &ﬁe@en{ﬁgctn%&mlg{o Qmme master

clocté blaf S &th 315)8 es7t9tr Iu 2 Ly tthrf %{]g %%éceegver hcxawaryaaoiumn

(i) a user receiver 5 di ff erenci ng ground
transcei ver signals, which incorporate signals that
have been differenced wth a satellite signal (Columm
7, lines 34 to 67, Colum 8, lines 1 to 34).

Sheynbl at's patent tenches an advance of differentia
nmet hodol ogi es but does not teach, show, or suggest a
hi ghly desirable systemthat woul d produce single
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OBJECT OF THE | NVENTION 20It is an object of the
present invention to provide a positioning system and
nmet hod for naking precise code and carrier phase

posi tion determ nations w thout the need for physica
i nterconnecti ons between Pogsitioning-Unit Devices.

It is yet a further object of the present invention

gges RE 9 é?daﬁd éd%sé éﬁugql th) 93(_)355}% S %GgreHEF lné?lg)dcrkgl{es %k&ng&lmenm

Spreci se code an 6$05|
inglude: L) APsRApoRiNT diGEeig %rf’““fl H@S‘ﬁg‘g s wiip g ﬁxioexdltrfirﬁ%mer signal (Columan
5, $hcaAtl@r3dsnd ¢i4im 2§ (i) @ usearefaimet dlﬁqrengm rewdipleofiasttripgoupt teg@miter signals

wﬁhnavﬁeﬂﬁldl Qi[ﬂschoer I@(Edm{dndﬁ likds @9@'6& | @ﬂirxmg’ Ay @Jﬁﬁ&dd fmtam@&l receiver
di dﬁreflc:?g ri:iroun dfﬁeévewlgtnﬁ Flg\} ooxpor%t%r ] EI‘ HQ[% g%%&f%rencecp with a satellite

need ror a
sigRg P b r*fﬂeséﬂ & P7: Caluy &4 '@’ﬁﬁ 1 e Sheynbig ppient feacheieap advance of
differrafian@sthoddijzebut Gdes dohveack) KRS O bughdits@hly a8irdbB sBef WaOeuld produce
sinf@ &sntt bR \GuohSth SV AN S TR RAC: FO 2 MBI RRLS G Ever00€

and cani er phase position det erm nations w t hout the

requi renent of differential correction techniques.
PrigiGyttsysferss il mot gliofu finterp@prviahjogitiqn derfrminhien pyitwgigepirigay Best $oopf: (@) a
physaamhmmal 8@ eBi behrymifidy rbedasﬂan{rb)z & et tin® RiatiGd N kdch transmitter; (o)
sy n%omgx?o% to oGpr §n¥6§ase o? ;dJa O ?%& bf Jltlgerents ay §on‘ crt?f)t I spe%stgat caggsrovrde

necessari ut e accur
extfepely ﬁ@flsedme-é@tmva pOle@m% F‘é@léﬂ‘t"ﬁ‘P‘H \?’é’fﬁflﬂﬁﬁ 09‘5% ﬁd’@%‘@’ desirable.
Thapreseft @w@hpechicveyaibaseratildgoabg bhrgpelogtatypdinab@hikiyg a system of transceivers

(et stk FeleRALEH o PRRBibio Qb BB of ad WGBSy, 6 I s yet a
further object of the present invention to provide a

roving position receiver with
chronol ogi cal | y-synchronous code phase pseudor anges,

OBECIOR haEtmeENgbe - poi nt code phase position solutions
can be determned without the aid of differentia
correction. It is yet a further object of the present

It i F\ABIGT: PP EerhinETd & ROYdE G PogioHRY Yo mid Pelhadi iRy aakipg mrggise code
andC ogradyn ¢ iposdtioh ydegyriratimo nGtbidit Glgr nde@ rforpjl@g@! interconnections between

roltREHOGEREGS, such that once integer cycle
anbiguities are resolved, a singie-point carrier

phase position solution can be determ ned w thout the
It igyegl 2 Grthd ohigeb picthet fregent pmiieade proyide 4 posijieping gysteyy afidmethpd for making
pre€ijc6is bind@frridr HRsePOMBE BdierrhiRAB buithlt thheAoPMbrkl St staftididi) g
position receiver with precise network time-transfer

i nformati on. SUMMARY OF THE | NVENTI ON

It is yet a further object of the present invention to provide a positioning systern and method for making

precise code and camrier phase position determinations without the need for a Global Navigation Satellite

System timebase.

It is yet another object of the present invention to provide a positioning system and method for making

precise code and carrier phase position determinations withou the requirement of differential correction

techniques.

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

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

It is yet a further object of the present invention to propagate a reference timebase through geographically

distributed Positioning-Unit Devices.



Enbodi nents of the the present invention are directed
at a positioning systemand nethod for allow ng-a
position receiver to determ ne position solutions
from positioning signals froma plurality of

aut ononous positioning net wbr ks, each of which is
synchroni zed to a different tlnebase Each of the

Ry ﬁe@!l fuItﬁér (;%Iect g%@;ﬁ&éﬁpﬂ%nﬁbﬁ Eo%ﬁ§a @Qﬁgﬂbénﬁ;ﬁ %ce@@ﬁmtﬁ Ehronologlca]]y

el v DSBS Fich I PR B DB PP GY s cn b
rdefemned wahquohd 4id Qfmfﬁqntylll eprredtign.-f r om a ref erence
transmitter, a position receiver, another

ﬁOSIe% Ifgrﬁl eétlcr)]i'l g pgeget\r/l mvenn%n ‘io%lolwde J: gvrmg%psﬁmp}égep/&%ﬁﬁ ch?(rn&loglca]ly-

stccim nlng syst

ﬁﬁé@ﬁ@eﬂs %Whéﬁe A W%W@&P%}ﬁ@t lgtegaffcy HEbig s Efpsolved, a singie-point
icavie pitase@osition dolutidnearchy devaminglenithdoitha@log diffdpinimgcorrection.
i nter-networking of two autononous. positioning
Nad yapy f’dxﬁler (ﬁe@ @ﬂ' t%seﬁkﬁﬂrehﬂ%ﬂ tol prviiB@roﬂﬁgt pofifon receiver with precise network
i.nter- p po ing positioning networks will be able to
B AR OR e escription and apply the system and
met hod of the present invention lo a plurality of
%ﬁﬁh* ﬁ@& ¢ W thout the need of ingenuity.

erefore, t exanple di scl osed in the sunmary of
the invention is not intended to t .or
516118)8 i o rht}ﬁ éhe pﬁ{;/egti,]]{n{elétwn %egtF%at a OS? onmg s¥slcem a{u} meﬂlﬁs fotr allowing a
psitipryecefypres datproiperppeitiansefyfionst frpgynesiy 0@%&*@% e pluist ¢ ggonomous
- b&Miolz QWb cadh POSHitH i© ByntiR@Ed/@ra diffbredetingba¥é. /Bach of the plurallty of

Qﬁ?c%oélt%mg geté&g%ﬁl@%és b AMPORLilidn hr[ﬂtqieﬁee%ﬁéhss Jsl;:.&mm@d wansceiver

ononous _posli t1.0n| networks. W th
&apﬂ’&s‘?ftr?%lﬁ‘% griserte wiersi H%Sm%“g et R BAGRBS P »
pesibd fe@ivernagothe pasitivking-grigigrichr dhi zed to a di fferent
ti nebase; b) each of said plurality of aut ononous
goaﬁ‘f: E)l:lrgoge%s ﬁ ]agﬁ;[ I‘ ec\sulllctrgeés g 051 c?c’nmg desttem gnﬁi mre[é-lgde Wéd#ng tosembodlments
ofittewperseaidnversian will hesumeeriraH esélfbﬂlgw&?r prtwoskifie @ 3P eptoRpRquypositioning
ﬂbﬁwoﬂ&tﬁolﬁbﬁﬂﬂ)ﬂtﬂem Fie bt 6INhiBGefilidng pdBipnigakehoRedin delable to expand on

O R rJPt?dnrégd épgﬁ gs&v fQifi mefhzd (ﬁ'tme p?e@&]? inffon Io a plurality of positioning

positronin |ce mnt %%$ ut ononous "
RSO Ht SRS LR s o GRS SHPHE F GHAIRS Of fiyenin
Aot neadsd tosamer lipds ghie sdopaal thg inyenitipn. devi ce from a second
autononDus positioni ng network and neasures the

%08?31{1% 1‘(55) ﬁi. H% fa%):ctrt e eprgs%ltaxmuﬁev%n 1311 ege 1? [e)r \91 eq aerln%o(ﬂgrrgﬂ&ﬁng a position
TRRSRY$T ] dStRINTR PPF@PW‘WH& fem Q‘Eﬁﬁg@tﬁtﬁ’é‘i‘ﬂslf‘?m é a]f“éltﬂ ‘gﬁ'é@o%ous positioning
. fetwdRDAGE aqabsﬂﬁlkng&ﬁeﬁﬁﬂﬁeteﬂna;) edch JutoS@riotk patitiohieB@twoMeynchronized to a
d%e%ew hofPUs G5 Légbh b gﬁw?aﬂfyveaf LuftinBnoa @poitidnink SdiwdAl tcgﬁbggzp U or more

pasi tioni ng network ‘i ncorporates s %I mebas
BORPBETGRTeND & TP GBS oI 6T %%@‘%Pfa 55 of sty o
oS wripeiioGrg netivpiky saitdvéiod popising britmgelut leasthoypogitioging-unit device

Mihinalf ft ﬁ%h&oﬁs'pﬁﬁﬂomﬁéﬂe@@ﬂm&é{&s R@ﬁbﬂ‘irﬁg @i@ia@ Gro) &11848 bk positioning-unit

Je o\nqea sa nnd autol g‘%u posmonlEo e!tvgolr oann& gsu?els gy {;}Jnéoase differe ce between said
I'hRcor por atin Cf gd 12 correctlion;

sgRPduyBEIOpS tiopisg attyat aeLf i?‘é’§t°’ﬂ?6’§?stpPs(‘}HPlP€g“e§"i°6‘ri’é‘l gibsequently
dalnG4dds POfiradbise) GloSkatottedibiTgiD a8e atCle®C kne qositicgigg-ing ieficeowith@mnspid first

e&gl?o!m%ﬁs%g1t[$9inéjﬁworkqg:\éllp9r§;es%& ErhéEaSt? abc‘lj cgﬁe&@{ infd G &ﬁ@mﬁg Signals for

PoOSI, t| oni n net V\Dr G, % ‘51?" Eg " 1 oNn rec% ve K ive and
RO ) SBERETTE YL Y GRETD op If‘ﬁa% £ 1 oL 01= 3] neéwor reee
reprsd poiintrieoaish eamirtingle ebese Hodprseion g sianion reciver eccives
p@ﬁﬁoﬁfﬁ@ﬁ@lﬂ&n&@ﬁﬂaﬁﬂg Q4N IELRELIR Edkrzctivh HomSii }ﬂsnﬂﬁtﬁg {iniit @é¥ice within said

N a@Pon}nggem%%gR %Jd PERas s%é pegéxeﬁﬁ%aq%%g [Helan hcgn said one or

poS| g s S receive sal d one
nDre posi tioning-unit device fromsaid second
aut ononous positioning network; and vii) said
position receiver calculates its own position using
said positioning signals fromsaid first autononous
posi tioning network and said positioning signals from



10 In yet another preferred enbodi nent of the

i nvention, the positioning-unit devices further.

i nclude network identification information in their
positioning signals.: | ncaanot her preferred

enbodi ment of the invention, each posi‘tioni ng-unit

wlery pasidioning ipiisdetiees frong idERANFEPRRBPIR PEBPRREETPTI gtsﬁ‘“ ppsition receiver
ipPlic® H@ tiin@Aset docRlcbrretdon @s sPo posttiodny figalsl mictived dpinced @ndr more

rr%&nglé Rlﬁt Jeﬁ&%o}ﬁesﬁﬁ se!cghd \éﬁt&%ouL Bos%@rﬂng%&@&rt&%d 1 26)) ‘?zfuﬁgo@l% receiver
he invention, SItIOﬂIn
e
faidrposmuile Jpds fromo FRidngeond putonghenyy positignpng wpteek: fspd iyat ppaftioning signals
@&Rwokﬁ ph&t@Mhd-dnit Q@ tcksFRmIsHE HHEARE bRy auﬁ&lnﬂus@ﬂﬂb]ﬂ@ networks that are

rync%lénm%/eg r?o%f{g;% %mebqs%pcg ﬁefusetd t18(]? £OSQX§$L{IOQ¥ er t h e p 0S I t I on

eorirgin o ence cl ock
data for each p03|t|on|ng unit device in view from
akrerdingd wetdid ispterdf hé preai iv@mion, e fsirmtitlad a positionihgisygtent for allowing a
BbD Gdei 65 %Etﬁ@ngneeﬁggﬁgd g&tﬁﬂmsofroﬁ tb@snﬁdﬂiﬁﬁ Ntk froM AL Prurality of

osi tionl ng-unit evi ce.deter m

MP??% H?SH m%l?efwo le&eéempeg%q atu on(h ous poss%tlfénﬁn netwgrk is synchronized to
adigforeit aimelehsanpdichpasitiohingody ster eonppg &g |ab APHER et W pregrogsrRgFioning
fdagoriddaet d&ﬁlbﬁmﬂgdﬁtﬂ&rl dr&@titiehihgluhit @vIFad wikfein: [yt B430dn8 @dsitioning-

Er{ltee{et%ger\%%au rTProt ol $osiﬁgk§u§l Lfat\év%ﬁtrlec%ﬂes J:%Iglgon g%fgﬂils%m at least

recel ern1ne SIti | oni ng eV|
P shopifigsifierigit SpHfraliran & weond saBteliwa%Sd PR ?W%ﬁ%‘ﬁ‘”’éfam{ fgasures the
20dhe | dififtirdace Br@tewD sakdSsefond Antdnbrenun edsiioniny. tetgherh tand Fagslafrst gifonomous

f)JS]lB&IE cglpand %Qsel]dgn @ztdcuﬁ@pet tfﬂr@ﬁasm&mt 11) Qid aE 188! one positioning-

|nven 0S
| onlng u@k% devi ces

Blagri:vtcfz Bﬁtm} Sélé E‘Ff\)‘l noglglﬁ pg&]{) rk RF() orate?]sal% tjmebase elock correction into

po®iitdnion signgls deri tansehéssidne ) prst PqS‘éWﬂlﬁgﬂlfS‘ie@?F& ghip gl firpt gutonomous

’&;lsﬂ&lﬁg G dHEGTivO BB rcﬂzﬁ s@ld peBiSidblnk sigfals hladtlboﬂﬁngcbatl €fébhsa €lbkk comection;
I C 0sitio S

%S%CI x rgc(::?wer strﬂ'\hapeg n%lﬂ tﬁe bqg'l\é&? Gt RAB ch tséuc? B’llmglgy %f Qﬂbﬁ!)n%)u@ﬁo@ltlomng

osi t] onl ng. net work m

ek ethis kaq epaien IFW""B%IH) WIVFWEW%% figplS inepeporpip sad i ePan clock
aetdiod®miespsitidnegusibbvie wilhersed fistRgsiompu mesiigringmietwork; i) receives

}Eagi}{énﬁg §ign§l@ FORQI dQ)ge%: c{f' abie ¥05|§1Mﬂ%h}ﬁlpc[é{nge$ frdnDsaR lsechiR aﬁ$noﬁd§1§ positioning
r er W Inater ere red. to
S T v B DS RS L P Ko o
Posi@ning-wiitglevice fpr prffh secand aplengpels ewlafﬂig afﬁw‘iﬁlﬁ ar@ﬁ‘é calculates its own position
@HReLH FPEifidning Fignhis M m lsOE RrstGo@molis Pepitibingt nbigorp EuelSseit positioning signals

%rom 8 13 échr& aut5 Qs g&fn@ﬁnﬁgrhgtwgrk SShc‘ﬂ %a@pogl&tlﬁé g&gﬂ?recelved from positioning-

transmitter roadcastin toa_ urali
PBSPRFTTTEE O 110 Pt audomt trolonie 8?}‘?’%% triﬁtof’é‘@l VieRrived to difforent
teb®aisvarbe ched ferpaditivh sdptiams. aut ononous si ngl e poi nt
position sol ution.
At least one positioning-unit device within a first autonomous positioning network receives positioning

signals from at least one positioning-unit device from a second adjacent autonomous positioning network
and measures the timebase difference between the second metwork and the first network and
subsequently calculates a timebase clock correction. The at least one positioning-unit device within the first
network incorporates the timebase-clock correction into ifs positioning signals for transmission. Other
positioning-unit devices within the first network receive and replay the positioning signals incorporating the
timebase clock correction. A position receiver situated near the boundary of two of the plurality of
networks receives positioning signals incorporating the timebase clock collections from any positioning-
unit device within the first network and also receives positioning signals from one or more positioning-unit
devices from the second network. The position receiver applies the timebase clock correction to the
positioning signals received from one or more positioning-unit devices from the second network. The
position receiver then calculates its own position using positioning signals from the first network and the

second network. Hence, although the
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FIG 2 is a graphical representation of another
enbodi nent of Tune-Lock according to the present

i nvention, incorporating a single reference
transmtter broadcasting to a single Positioning-Unit
Device. 10FIG 3 is a graphical representation of
anot her enbodi ment of Time-Lock according to.the

p@&%&ﬁmlgﬂaﬁ\ﬁ%ﬁlt ho gesmw&q&pqx@w ﬁ](gn fhe Sﬁf@gl,tenewkﬁ L& NGRhronized to
transmitter roa castin

PEETEPEHTh G BT BEYT 8, e“’#i%"&i'gi‘% L péﬁ“ﬁ'bﬁ’i“&%?is

" representation of another enbodi nent of Tinme-Lock

ceag,lnr nsm tter broadcasting through an _
ositioning-Unit Device. ISFIG 5is a

graphlcal representatlon of another enbodi ment of .

InlinptRer piefeded apbodingthirv the @vddive, o egdm treceivey Snstch@res a single timebase from

ohd W RE mﬁaﬁohmm@mmg %@Jﬂ&stmm #2f, agp s BERNGR ctlohAPBIELbRE SF subsequent
br oadeast I.tioni-ng-Unit Devi ce.

pﬁf"@'“g@e?”grksm%@?eéﬁﬂﬁ!agﬁq a%Psét’rS’? “3?{’{' ation of another
enbodi ment of Tine-Lock according to the present
1l YV R 6dhdr @ﬂaferreanil)&ﬁrﬁ&lp@ R fdveigor th¥\p @ Bordizemit AugerERihatinc@be network

d?éé*?&? bR inf o s%&%es [@nsm tter broadcasting to

our Posi L1 oni ng- Ices. The Positioning-Unit
Devi ces subsequently transmt their own uni que

trme

g E@&&h BigboliiRerdt BEHPMARRRA] thd JOMERN trdc@Vtr ddidnfiads RO6aE dofi@hn vetocity and

- InCAnotipn prefogpd cabddymestyat ¢la riopitizee ebclp psitibrirgrinin devise gananliss it§ owmenctwork

ldgﬁﬁéaﬁ(gi uﬁ&éﬁt{oh 0n bk ﬁ&s}ﬁ@l{mgsuhlt At chalphitBn receivers in view.
satellite-occluded environnent. 25HFHIG 7 is a

gr aphi cal representation of another enbodi nent of
InTtrppotiiepiréfererd erafrodimpr of thy ipvawsiop etsh pgitiorfingwaih foviers determines the origin of
releREQ CIPQIIAE foPGctBoink-tnGiAbvig it froldeitin@ @ork REMEF@ME @rformation.

transmtter broadcasting to three other

Positioning-Unit Devices. The Positioning-Unit
Inpgacfhep prefereed SERAd S PiOf e {1 eafiniPe POsian ool clingy e origin of refercnce
cl@h tanfod eag) pGRibdilye- @it dolte Bricw §0n o sitwaiOddntiira®n gfeakagort 0 a

rovi ng posi ti on receiver. 30HG 8 i s a gr aphi cal

g'&uro &nrpée ?ﬂgjdﬁ]%gto(}é & i entg)ﬁ_,?l 8 nposmchnéng ﬁnﬁ%{ ce ﬁéenflmes which

poamnw&mb@swm@srmdgs:lg@ﬂs aPo@%OGl%h\iﬂﬁgﬂﬂ@rﬂf the M%O@%Hema?rkd from the
neBvofkQuthiTdatipORiothaO6h. I €Cei ver situated at the boundary

of the two networks. The boundary Positioning-Unit

Devi ces subsequently transmts inter-network . L )
In ggptheerstlirish emtodiment OF g Pveiterphs Pasitignyeqelrergietaynes vigh pesitioging-unit
debi6: posilibigKsighhla greamms@htedPodth tekadd nofnge Winitbnikde vitvoogks from the network
ahasdware, according to the present invention. 9

OVERVI EW A Positioning-Unit Device is a specialized

transceiver, which is positioned at a known | ocation
In aetchnetiec enhw@isient of the invention, the positioning-unit devices and the position receiver can

determine which positioning-unit device positioning signals require clock corrections as a result of having
determined which positioning-unit device positioning signals are associated with each of the positioning

networks from the network identification information.

The methods described above wherein Positioning-Unit Devices chronologically synchronize to at least one

reference transmitter will hereinafier be referred to as “Time-Lock™.
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at |l east one reference positioning signal from at

| east one reference transmtter_ Preferably, the
reference 5 transmtter is another Positioning-Unit
Device, or a WAAS satellite. In response to the

recei ved reference positioning signals, the

Posi ti oni ng-Unit Device chronol ogi cally synchroni zes
Bﬁﬁpbg&gﬁpﬁgﬁ%Fgﬁggﬁgwﬁgmp05|tioning signal to the
reference transmtter tinmebase and transmts its

uni que positioning signal to all other position

FiGe € &i aeeaplgoal mprestreation: Jihvee rtodimennefr Bropull oclesreundingf to the prygnt invention,
mf:@;[ofﬁﬁ:tgl a@ihg@ﬁef@fﬂc@l%@rﬂ&bﬁ%ﬁcdsﬁg QI | QQ‘alﬁ’s&tM{ﬁ%mi’n@Uﬂl Devices, and a

least..two Positionin logically
rovm%pois_]itrmél rr]ec%\éea etermmm angut?ng?t%lﬁ Séugy pomt ﬁ)osmoix f()?u?l “A 1 ovi ng

10 position receiver in view of the all the
FIGE 208 8 githic® epsiegyitinh 6f anbtlichéntbodidiénSof Alit-ANGIFBUSing SithePrekent iB-ention,
inERRAR S siifle AGLRE FaRhild Rt 259 &QQﬁgi@ﬁb@ﬁon ? S BLEck €T

singl e point position solutions wthout the need for

differential correction. Furthernore, the reference
FiGr Bifs griphicas Fepigsusition eftapatherydadinRot of Aime dlodkhesoidink tiths mtesent invention,
inSokp@Ridg ia kil feracOfEinGiniftdr HBadGktRR G ES1iA 6 Pofibbing- Skt Yices.

prior art systens, thereby allow ng an i nexpensive

stal oscillator to be used as a reference tinebase

F IF ot s 1 FPhIEh PprPsERiatige Hfep T srbedipspiet Tips Lagkgeordigg to disprgsept dpyention,
infvebotiyg a &fcReS itbrisoinkrbepaddmtits thengh @antimaydiagdosigniagUsit Device.

met aphori cal "channel™ for distributing

onol ogi cal | chron
F 18 hSr pl(l)lga[ rt:?res Iﬁﬂtllg)l}e/ ({9161’ em%e‘%rag ck ta«%grﬁiflgv %ﬁ gresent mvcntlon
mv@smng & Piuriﬂ@cqf rojesqnec tosepéiters i]rioexlsaetms @tahmalebiém@ms -Unit Device,

carrier-based single point position determ nations,

FI 6t pzpéﬂlphugahx%p grsagior[)e anomgy e?nlb&:@leﬁt o? Ellglg %ck 9&§rd19§ &)\ﬁ@ %Qsent invention,

osi t1 ONl ng-
IqOpPRTALing taai‘itfia AT WEW@RB@SFM Wé*@éb éf’émn% riamwﬂfeh B{Eifdcas““g o four
Popigqyp-tnin gPedpeh.f @he Posi@hing Uit @ticed rnbsGMGTEM2AND MeT HOD unique
ch%&]’l_'(]gg’dlly lynﬁm% pobifonfn® Eléﬂa' Waéi&du@ Bosfti@z( re@:wEertdaEeH Ql?a'sﬁ&ite—occluded
m&ygégpithat generates precise position determ nations
using code and carrier-based single point position
calculations. A plurality of Positioning-Unit Devices
FIA.0 ks algrafhickOrdpredendifiiGn J¥@Sokbbd e@B@iBneator KiROVWSK hQ6raihd 1008 piddedt hvention,
mcli’)rg gg Pagsgilmﬂng I%t%e@ﬁgr%fexcé %i?ﬁl{l]ta*tb?oa(? gel!g] ﬂ'ﬁ'igzq)ther Positioning-Unit

tive receive at one re erenc
Deyjigrs: iTlhi’ '?ﬁ‘i“ﬁ‘&g g ﬁﬁi“’“l%‘?%i’“&%\%%‘i@*t “‘eH)?W’a't‘“‘Ci“"e%i’gi‘“’lEﬁ‘Féﬁy synchronized
posit@hiey dandeo b roginspusitidnatceitd.3, which is al so positioned
at a known | ocation mith respect to a reference

ordina e system_In onse to 30 the rec ed =

A e Bt O A e Bk G5 Lo o ipnton
incP)peritipgptvo 1@dohougndh@itksf Posigierangilinit Bemicen end upvéng pevitigneceiver situated
at 1OJulda® Bf P ingRaks THODnokarpdkBiding, UnMbeGlls aHRquently transmits inter-
e OBRL B0 SR ACRLORLZEd to the Tef erence

fransm t 10 rovi ng ‘position receiver 105,

si tuat ed Mﬁthln the network of devices 101-1, 101-2 &
FIA 0 3 2 blo@giagwie 81 RodfiheBED{ERs hddwaid) afgrdsj g pieschQavedtionm

the reference transmtter 103 and uni que positioning

signals 104-1 & 104-2 fromthe Positioning-Unit

Devi ces 101-1 & 101-2, and aut ononously cal cul at es

bot h code 35and carri er-based single point position

determ nations fromthe network of chronol ogically

synchroni zed positioning signals. Tine-Lock

Ti me- Locked Positioning-Unit Devices synchronize to a

common chronol ogi cal thnebase, which can be of

40arbitrary value and have arbitrary vari ance.

Therefore any sinple and inexpensive clock source,

such as a 10 crystal oscillator, wll suffice as the

reference clock in a reference transmtter. In the

preferred enbodi nent a tenperature conpensated

crystal oscillator (TCXO or better is used. A
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5 The tine-of-flight offset takes into consideration

the propagation tine delay experienced by the

reference positioning signal whilst traveling from

the reference transmtter to the Positioning-Unit

Device. In free space, electromagnetic waves travel
approxi mately one neter every three nanoseconds.

Next eyt he Positioning-Unit Device applies the
time-of-flight offset to an internally generated

posi tioning signal and aligns this positioning signa

A Bsitidag-URCoHicn g 2 setigenofcpos WiidthG bokiGhnad A fidbwn Ibdatith and receives

abfeasmg &garemqmg,&bhﬁg g@lal ﬁlom ;Qeag ShekALed u&gﬁlhérl ﬁ&mg the reference
| ca al i gémsnt

i W t
“F“S\g'é‘?’é%aé‘% T |P ‘ésﬁ??ﬁ‘gt ‘lé V& 8¢l ¥ %rareyfte i rFf’B"“E’cf% fhe pegeived reference
pepitiaiieey dghalpibn Pesitiognd-YhitoRevivg clapriotesifdly isgelgonizem ane intsprkilyygenerated

pg,enﬁﬁgatgﬁnimmﬁsaf&éneemawn&i 138 A@Ganduli® GLRRCHHoSORBT BAQ S all other
pxghi%lbvec% erg HQ/%W "ng H{IISH‘IIETI I%qu%gneﬁt%rl ﬂ]ie forzrgxl tl% ofsan gqulomouglggatmn network

ronol ogl cal coherence
ISt beggyy 'E"t“&‘i‘“‘"ﬁﬂﬁ‘é SRR chrsﬁoalcéfyéw’éwwﬁa §1‘etrff6ﬂ‘i°“rf§msm‘“e" A roving
psitign@teiversn view s thie bil thel trotismittal sigadld eithifnr thig) sremonyouf RRYork is capable of

d&@lﬁiﬁih@ht&&ﬂ)m &bat ﬁfd%rﬁ&%ﬁglk b $Bitlod Sivtions Watbouf &F ﬁ‘e@@ﬁp §ifferentiat

(?rreéllog IFl?ﬂrl]ll?rgle esd\}ﬁ%rggﬁn %at'rgnsmlﬁ%rlq)ugk trogéogs‘dliot ‘(-Seﬁén Hl u%j'ﬁcin{ stabx ity of atomic
tlqunéaéig as IW"&@ b prog arp&ygfmnttlgqby ghw@g{wmtal oscillator to be used
asSatf@dnkd tirelise feduglaadre Davingatvbren Sat el | i te Syst em ( GNSS)

satellites, Pseudolites, or any conbination of valid

sour ces. Referrlng nowto FIG 2, a Positioning-Unit
TS IS 101 GRS U DRAFE AR T8 PLATERPI gy el for disributing
chraplegicalfycyndhoaingimotiti@ing 2R 1sr te ebviesposition2geeivafl Sricdioes the roving

pdRRSI bde PR Itm;caatgeém coﬁ@%dtc{rﬁéﬂ-%ﬁldt n8d pbidt pbditfen a&a‘n@iﬁa%aﬁ Byithout the

nehetg %r p%ysu:al cgl{nec 191’% b%eel? Pgs%onemrgetﬂﬁ %3\8 cgess, Béthleogtm ngn lc time atan%ards or

Gﬁﬁfwﬁmtmd ‘ﬂﬁept é?qﬁrattgélf%'@m@ﬁmon The Posi t| om ng Uni t
Devi ce 201 incorporates a position receiver 204 and a
co | ocated transmtter 205. The position receiver 204
| s capabl e of receiving positioning signals from all

S‘FSéFF@rA@W%E BO%i tioning signal's in view 203, and al so

positioning signals fromits co-located transmtter
FI8 0155110“]5 Bneﬂ:&&@ﬂﬁﬁ@ fotr QPJsihﬁurfg %fs?eha\ﬂﬁggeﬁe@;te@ bedie gosmgrﬁietennmatmns using

coBC Sk RSy it By & e i i ror1 &
10p0 grefpesdienddtat keopp ﬁ@mm with |t tovgypfernct go-grdinats sy 4y¢) respectively
redelte atR@s i ohd ﬂf&i‘eﬂ:@ ﬂo!ﬂtjx(iunpﬁyﬂapﬂlz PRSdclsi BNt Q4 BhVi€Ererdd dansmitter 103,

W];[Jﬂ% a?sl gyglolgg §t| tl&lgm lngtl(ﬁll %speag g%?e C—g'ﬁnrmlteesréstem In I'CSBODSB to

meareﬁﬁ'fdde gfﬁ’gl%mg sigRd I%fgqo lfqglgqqxpnﬁgmg)gp\fcemql Selo1-2 'transmit one or
mpOWidue PRitiengg eigvady 102048 1Eee wMdSaradtndoghollyl spBoisd Yo the reference

mmi /s 4 n,emg wsﬁaﬁ%@erﬁ%glﬁjs@%ﬂﬂ a8 b0 ofalted 02N 10Es: 103,
02 and the sl.ave positionir

ference ansm t § zhé f ng.

e G084 DR 2l P T et Btk S AR b D npienl
104-4 &9 G e PositivaingtUTfif Ravisprdl-1 & Whanndaloguoasdtsewlculates both code
and) Gl WERELd tsABle PORGIMER de@iBh@RE BonP B8 ndth&R bN@rosdigRaly sABonized
W%g‘m%ﬁ%% Jf €ceived slave positioning signal 206. The

tran SSion time di fference, as used in the

preferred enbodi nent, is determ ned by: (a)

Tigeh@Rr i ng t he integrated carrier phase (ICP)

Tum%l&éﬁ %Iﬁi@&ﬁg Iﬂﬁt[%(nms @ﬁlgmtnfzg w téaﬁm&%h;ohﬁggcﬁaﬁlmomﬁtc% be of
the r ference p03|t|on|n and t he sl ave
arbbtlaxgl V{zli.l ?hzac a ﬁrﬁrglv '{bsre %t %;F;Heeang lng)g)Flﬂveéflock source, such as a
frequency difference. (b) Denodul ating and conpari ng

t he navi gati on data conponents fromthe reference
positioning signal 203 and the slave positioning
signal 206 to determ ne a coarse transm ssion tine
di fference. (c) Conparing the pseudorange

measur enents determ ned fromthe pseudo-random code
conponents of the reference positioning signal 203
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t he signal propagation del ay between the reference
transmtter antenna 207 and the Positioning-Unit
Device 10 position receiver antenna 208 nust be
accounted for. The known geonetrical distance in
meters 209 fromthe referenﬁp transmtter antenna 207
to the P03|t|on|ng Unit Device p03|t|on receiver

criystgl osc1ﬂa?0r vri?su&'a fbs e {eh Qerr]l:c_/e% Ekelflj a ;ep rence ?rang?ée]{ & in thh {Jreferred embodiment a

PSR &Lﬂpgﬁé‘écfw@ﬁl pspifppr (TPHY opé)gqert Is gitdng- ftgﬁp(tnmggglf Pavice first
2QWiks 2 REGIPOAahEs pasidhieesiaal,; dnl amsiatd 4 ©icaled OodkofAL0x offset from the

kémh becr(ﬁ[@das Q%e@éﬂ:r%é @AQthtﬁ-r zfnﬁ &d %Qﬁ }[0 J?Mna&b@f thetP051t10n1ng—Un1t Device.
rect] on

osi t
ik B ey hich R EF Y B ROBHIo] T B0 PR b reteence
pesiiening BnabyAist fraypling donylietreffengd eausngiRytopthe] PsitipninetUnis Deyigpeln free
spildef BlEdORGRD BlaWe Sifivdl NPprbs@hddilye BREmAA Sévtry Ofiked) PanbieGR@| Next, the
P(%%g’nm@riﬂ a 'i)hﬁcesakﬁ'l\ég th Ql’ﬁe! (tf Iﬂ%gtl Jf‘tget §)I Ee| qrﬁémaﬁ}pgenm&%mélo‘ﬁmﬁ signal and

measyr e Positionin Devi ce " recei ver
alﬁﬁdﬂ“éﬁ’?sg‘é‘tmgoiigﬂf]rfé ﬂFe‘F“@’i‘“é"’ﬂé °re|8‘6’sfi°f“i1°6ﬁ¥ Agrek ity Bfingtng the internally
generate-positiofiihg sipndl iridO@rondldzice alignineny witlt thxereferbray Eanpodr tSp@ificatig, Time-

L&tk @NalieveOfhch Qﬁ’@ﬂt@iﬁﬁ@[ﬁlﬂl [Q:glbé&’aihbeﬁé{l? %Q&r@t&i &@El&rﬁh@ sibhdli Bas frequency
erence tr nsm tlErE‘hbaS

co%?ren(c]s \?n eﬁFl énrc];%mm re eﬁnce Iposmomr\lFeS dgnai dc é"ﬁ'&l eglca?cnhetrenceo ngl tEe reference
W@%K@%ﬁm@f@s with the slave positioning signal 206
el imnates the Positioning-Unit Device position

A E‘e@egeﬁée\fngsrmogillgo édﬁﬁfaﬁ&nlt&ﬁlﬂg ?QXIO ﬁ‘éql:&w (Eﬂ chh(g from a reference transmitter.

Pos| ti oni ng- Devi ce |'ow the reference
The refrrenss P?Sé‘f’“‘%ofzg‘laﬁ Ff‘éki’ﬁsgé“%ef’ rfES’fEh a“éﬁﬁl'dci“ﬁf’c R ggich may include
PogitiorgenibDevickre Wido dada ARgetatiop Aystvy-(WARE) sBellitbsg Blobal Navigation Satellite
Syask kb3S gafeu&; Dsculidiiet, h>e &mﬁbmad&nfa‘famm&wg RRBEWE SV o WEG. 2, a

Pos:l}ommf7 %Jn1§ .Dev1ce 4}]? locg !JVE’I‘[I 8&3[‘ e doerri X?errezngeéltraasr%&]r I}% ree§eives a

celver group
rei%fscp premiviiee 28 @F@Eidr%rﬁ“‘cfgfm@s RO P2 St poglioning

sigh® 202 HaOa cangr ddipdneddeminie: phéadd-lagiop k&E ednfp@dntedib 8 ditir@nibgnent. The
PoE@o?‘zlntr Uﬁp bgfg:e %‘i Iﬂc&%}éﬁeg g?osﬁomcén%ckm! tagd 1 @J folafell Gmsmitter 205. The

ransmtters usi control states:
posjiipg reggiver 14 s gppable °fg€é%"é‘-'tg Posftjonipg 5} & algeforence P"S“R?fﬂﬁﬂgf‘f’és in view
20_52@-!‘1@1@ mes@ioning signdlh EonPisstotiqegvli trgpmither 205. Dexespowe @RLY 12ckived reference
pokifibindng agneﬁzo@ 1A RLifdAink-Ohit Bevict hANRNGSs mschﬂeg exme@gsufah@agnax 206

froxzngtg émeltctergﬁﬁ WE st %elce?\%cll Qyﬁtg (L:JEGSIEIODmRy ers%\%:g 8051t11r2rec]eﬁfer 204. The slave
pofipaing ighal H§-henp carRs praRenssl & | upiis rpsfudeiatdgm codz(rgmponent, and a data
cofighdit. ITRS Pitibrilz@ @ MeSicdSitidn redtivdd QoS tegpiad and QmuBddcbusly samples the

reft ﬁ%%igi{ﬂegl?% %&?%%&ﬁ fl reéxggce Rg'érlll[tér g(ﬁ aﬂcntge ﬁalv%sdl&m% mgnathOﬁ from

e 1I"Tromits navigation data conpaonent
theFfB§?°Ethoﬁnﬂ'§t_teUﬁP5t A[Eze:fnegm E{fir_ence is then calcalated between the received

reference positioning signal 203 and the received slave positioning signal 206. The transmission time

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

(a) Comparing the integrated cammier phase (ICP) measurements determined from the carrier
compenents of the reference positioning signal 203 and the slave positioning signal 206 to
determine a carrier frequency difference.

(b) Demodulating and comparing the navigation data components from the reference positioning signal

203 and the slave positioning signal 206 to determine a coarse transmission time difference.
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5State 3: Synchronize Slave The Positioni ng-Unit

Device CPU 211 waits to allow for coarse tine

alignment with the reference positioning signa

navi gati on data conponent. An internal clock

generator is then initiated by the CPU 211. State 4:
Initialize Slave 10The Positli oni ng- Unit Device CPU

211 determ nes an appropriate and ue PEN(f

s&YuEHRETF B PYHCE St é‘i‘i‘inﬁi""t%‘g}f“i'1Lrj iﬂ‘h@se‘tﬁﬁﬂ‘ “BeV ‘i""’ ggmponents

201 drid redggegresitiqnie sisRPRR3cotithe dovg pesrioeing 1entl[386 to determine a code
Posi&&@ﬁ%ggmﬂﬁhk Device transmtter 205. The current
8%0(?0%%1%% 9{18 lnstanganloﬁsr cat ih er phgsg ggst?rglg:e 98 %sz_otﬂnlnnge c%tlrlgn:gxllponents

0sS1 t1 onl ng- vice
osci ¢t |tl1§1re6qrenezelp251t1qn§g gg@@ﬂég@lﬂgﬁgﬁe ;toatuinﬁié signal 206 to determine a carrier
Posi drbsodiffagredni t Devi ce steered transmtter clock 210
by the Positioning Unit Device CPU 211. This serves
ze the Positioni

F(%I’ lprgﬁsg i‘ﬁmf iyléﬁkﬂ()?ﬁg()ﬂtﬂ(gﬂlg %ve gtaltlonﬁ'%ﬁig?akiﬁ{s fo the re erence tra.nsmll%ee 02 timebase

- the pignalgrpiieation delay detieep g éqﬁqg%;acedfans[nﬁgr qn@lpné F’@i’?@‘éthe Posmomng—l}llnt Device

pd9iaGH rbdeiRd d@na5108 Madt b2&kdountddier. BBS knbivd foi@ridandistandde in@@s 209 from
mQPié.-eEcL TaRhiRg o g.ﬁi 9y ih@ %ossif@ii uriﬁdicﬁﬁbiusq&m geenhaozo@ can be

free receil ver anne oSl t1 ani n% % ce
“PBETS HYee! Seeriight Db Tl PEELT T SEHARTER of G e Fostioning
Uninipdvicall Zrgetpanitds la stefred wasmittef rleny 3é&h eficlofah de bdjatedlin frequency by the
P&ﬁ&%@%@ﬁ@ﬁ@bﬁ@ g8f1. ﬂi&@sem%a ko sﬁaﬁre(t RRsnRes tibdkid iH eaeumihad by the

D? -%m‘i {)ggg H}’IS 5 q from 9\ ’tlme (%ﬁ'e?"erngﬁ e‘évﬁ%l ﬂge rcqef*r?]nce (aSIfs ioning 9 ignal 203 and

oS Ioni ng
thegaye qu@winﬁ @@@E 106 vinisly js @easgreb‘tysiwtfiowme aif Pevjee Feriver 2pfhand offset
byPBS ictetemn ipbigiohity {ignbletitieR fligheny. iThis btigh @8 shvd foanaig SighabR06 into
ch%ou‘jgil% _Iﬁh@a{&ati?,%hﬁ hOBLRG. 39Nk 28 RRevaset @t € 5 Acquire

| ave e Positioning-Unit Device position receiver

204 initiates a search for the slave positioning
Tig ipgread of 2B encRE hSreatied ferdnepaiesitiopinShigngle20T frigh the slave positioning signal
206 0Bhitat-O Mk mmHﬂﬂgtUn@@éingeepoﬂﬁlﬁir&&% clB(ﬁQ@i.nVlﬁJrebg Qibwing the Positioning-

Unatciﬂw%e ezﬁg tfohl re¥ereng:9r§r|\s¥n%ttgrr%ﬂ9%é gas? \Q’[ 0 2 O)@ cic%{(] g’xas%m{sed bﬁ the local

Paver 5 havi

Pogfinie- 8@%@%%9'“&“8 B3t Eprterrpore, F‘!@ﬁreicegihee/ea a9 ehapyele aﬁ}'@ﬁev position
redeD& ROSENRInAds Byl récBine GheDizk SHgRaF Rlae huedby theiositfph &8@vef dldGhics.

nmeasurenents for the reference positioning signal 203

and sl ave positioning signals 206 are initialized
CongreStatg 9t adntitiogire U8k BREEd by t he Positi oni ng- Unit
In Bevirdferep esbodimen, Petigiingdmit AB4ices TirnesLodi fof efeeme aunspgiey gising the
folicSidk E6Atisest Ne frequency and phase difference between

the reference positioning signal 203 and the sl ave

positioning signal 206. A control loop within the
StadsiReedni ng unit device 35 CPU 211, continuously
Reg0fIha@Gar€Or recti ons to the Positioning-Unit Device

steered transmitter clock 210 to nmaintain a zero |ICP

di fference between the reference positioning signa
St 3AcaiE Fefisn| ave positioning signal 206, thus
TheibdioanginirgPevice GG LY inltigeska search for a reference positioning signal 203 by the

Positioning-Unit Device position receiver 204.

State 2: Lock to Reference
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13 transmtter clock 210 to create a so called

"Frequency Tracking Systent (FT'S). The steered
transmtter clock 210 sinply enul ates the frequency

of fset of the incom ng reference positioning signal

203, thus maintaining Frequency Lock. This nethod

requi res the Positioning-Unit Device oscillator 212

to be conmon between position_ receiver 204 and
Ths ERHORPE Rt D“étﬁ‘%P‘)S‘%"’gF%t"%S 2t acqyips@rdtitiey ety Re ByalOT wd feference
r@proiter S2@psitiof ardeifre fsaipoapl8kddive iFnayguiendse chrgokeni by the Positioning-Unit
pacdiceyed. the tinme difference between the reference
positioning signal 203 and the slave positioning

signal 206 can be accurately neasured and any time

sSYBfRFRETed. Ref erence/ Sl ave Code- Lock is

Tigchvsidon@g- Unin @viten €PUPASE whid Nd RewURr tcoabe \tine aligive rvadl the reference
pdsHigHhg Fedal @ligalibh daalc&%neztl& St LGRS et :Béi%ﬁa%h byfthe CPU 211.
anount of time to bring the reference and slave
positioning signals into PRN code alignnment. The
Stetf 4rdeigflizd flavght val ue 209 is used to offset the
TiePasishieEUiD@ce 0P 2 8l @iehidel MBapptbiribte brRANGGuel KRNI RN @ence for this

f
pa}tblﬁar%gsttglgig lg{llt ISebSe £(ﬁ BI?C{ & %%?%h% IPEJQ %ere QCEQGH%Q@&[!% pcglltlg‘ﬁ%q_%lt Device

C erence |
g &6 Ah (BT fwefces "Fiee i G REIORPE S A3 drelaiv o the
Positig@e-gdit Pevio osmllate?12k alekas@h@ to ThdodtlogiodkUioPaviee fté¢emih transmitter

cldof Zﬁ@?'tﬁvfggndﬁiﬁ -Eh @g‘h&,g’:l’tﬂﬁl e %%@&%13&1@% PiSitiohs JUBH Device
a ng an ad ona req

tra(lsrrrrtfs %05 ?o a ?’ﬁgﬁ)eg g'ytgaé F eaEPnE rnéalt,]e fméeras i c uerﬁyibte tl1!;I n¥fercnce positioning

siggtl e tThe FﬁSﬁ@erlgthéi’ep'éq— Y21 lﬂifp @Sm*fdflﬂﬂt 'ile@ﬁmledfl’ﬁél cfa‘l?f’ﬂ?‘ym a free

re@fvérsRdmedinl Lﬂﬂl&szﬁhﬁg&]nﬁ‘ﬂ@w@@ﬁsﬁtﬁh QdIRE208] JRAdeceRBGhinBe! is initialized

w1§z| tﬁéNsa!m@ fl:ehl.m U(Efsét am!l E)sepcﬁgiﬁ)(ﬂﬁscog agfgsecﬁmg @ ﬁlh ﬁ%l&oﬂm& {]St Device

reference transmtt time
raRgmitRS 30% “b?S‘i’FbT"é‘tdé‘fﬁ“F’I‘f@‘ L B 1P Positigss siswa! 198 béﬁ@‘é@‘&ﬁ]mg ~Unit Device
posifion avcrigdr 2V [T, PSitickénstling lDevieenthdoenititeh ia avegalisiign «f |ti@\wlamgpositioning
sighd180sPOSi tioning-Unit Device transmtter 205 PRN code
generator the requisite anount of code phase (chips)
whi | st mai ntai ni ng Frequency Lock. 20 Code-Lock is
St bWuEFIaPRN code accuracy, which is inherently
ThePdsifiyhing{URt DBvee péstibrtetcel 20mbiifés A daich i td dla0d y@Eiponing signal 206.
Positioning-Unit Devices filter PRN code noise to a
sub_carrjer cycle level. State 9: Reference/ Sl ave
Stagsion Lk footR® 250nce State 7 Reference/ Sl ave Frequency
Th BeidcrdngdnBilgties 1BsiRafreren e ShovethCoate pdstiotingasigeal 206 and a coarse
sta®Gite R\IGEbduth ¥ ok laﬁavggtﬁo%asa Shbdalne.r €mai n that nust be
corrected: (1) a 180 degree phase anbiguity and; (2)
a time-of-flight phase offset. (1) Correcting a 180
Stafpd g Referenstidlave Femishgjiipdky: Data is denodul ated from a
ThEIRNIGRES ifx@fiel bt FigseSIPNRtasuBéhentti ot A€ refreRdd P6sitBhiheZ Blal 203 and

slaf 2) J'Lgiﬁéﬁal 3 Ql’e ued 5& and dlffgrgl%ed%r Ehe ggfsit%nmgq?nsttl)%vme position

st as oop tec que 1 nh
reCFIYFE: p 3 Pis diflerenced) ypfye de@%feété thﬁ ﬁaqg@ch% wbaaq (E:?‘erenmtween the reference
posditaengizes] 03cadithadgelpasicioniug digial 06.KA pagd lobpwikhinghepoGHivaihSunit device
CPWZhh ccﬁﬂxﬁ@tlxsfy a E.J, &n@cﬁtﬁs %&I yosmmtg%n@ @L\fwe %ééfédqransmmer clock 216 to

resents an_approxi nate osecond

mai“‘a‘ﬁé g‘iS‘f #Céé‘fﬁe‘%i“’c e g “’f“"Fﬁ Pﬁb‘&f“ﬁ%s‘%’_’ﬂ&g’ %ﬁ’E’F g PSpiignig signal
Wgbusmamtyinipe Breyynoy &bdr ence t o a predet er mi ned sequence

of data bits, generally referred to as a preanble,
Alt%maﬁve% % trgcrglgedwre%eaegcesgstﬁlhpﬁ?‘n\éIc%n%llo%qtheg at/\ngs O%nen%ﬁ?&(ed by the

Posgtiguised it Rspige RERPTiGTelvr 308 cprelod dirsctly dh tha Pesitioring Ypitpexiggsteered

phase difference becones evi dent between the position

recei ver phase registers of the Frequency-Locked

ref erence and sl ave positioning signals. This

arbitrary phase offset is due to the arbitrary phase

of the slave positioning signal and is adjusted in

the follow ng step (2) bel ow
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14 (2) Correcting Tinme-of-Flight Phase Ofset: A
fractional -cycle tine-of-flight phase offset is
present due to the reference positioning signa
propagati on del ay between the reference transmtter
antenna 207 and the Positioning-Unit Device antenna
208. The geonetrical distandt 209 between the

reference transmtter and the Positionin n Vi ce
AN S OTRT BEEHT EE 331 JrRHS SPKEE SHITEI W%aﬁ?’ F“éefegemsm‘“e" clock
ZM;@SBmulgte% tthﬁ:‘eqlpen@@g‘@r of thy n‘p@q‘q@wtymr@q@sm@ingl sjgnal 203, thus maintaining
rleh@ed; ILodathiCadiol aﬁulﬁyﬁb Bos{tiblA®-Unlt @G it QB AIatoE DINROREBIhon between

%ﬂéﬂmwngaﬁiggmﬁgng bght phase offset is the

ractiona e anpunt 214 conmputed fromthe known
geonetri cal dlstance bet ween the reference
State &nBefirdntgilavafddenmh 207 and t he Positi oni ng- Unit

O%Vgteﬁe,e 7 %@fe:%ﬂl:@/@la&oﬁequéﬁgﬁ LhcR e QReved W%ﬁ‘ereggesbcf@en the reference

pos%(n}n}go Igna t2 a glg giave pgsltﬁmgg?sg{?eé S%as /bffs ellccav %chnoigfeurela an(}( any time bias

cligeise rf@ﬁtemz/f&verfaweb@k Is qelgevedyphef jthg é’ovt@mb@Ulefoqu"@%:ft@Gd jrppsmitter
clbdrer 15k AkwedShe rdfdisiieiding BiCieDb Bing tHed@enkORK sisde bsitioniAd Wiknals into
PR %(;de BT@RQ&%@ nﬂ@-oﬁﬁ&ﬁ Qﬁ&e%9 stuséf’h {5 %ﬁ{ei fat nﬁﬂ@r@cﬁ refercncc~slave time

adj ust ment Frequency Tracki ng System

d‘gﬁaﬁb‘% E?ma‘ﬁc‘}letﬁﬁ"ét POE TR Uﬂa%a‘“ﬁé’?}f‘yc@ g 1@ e diference i
thtrr @pighistd drck clmekn R Rogtiduingrbinis Pevise slected gansitjericiik 210. The clock

c&&ﬁ&t ks Qﬁ@évé&%ﬁéneagﬁwqu(lénﬁﬁf%dkﬂé ssa%rnr @0 dua ms&,aﬁgr Rhdditional
rary pha .
fr%quemg ofget t0 Blaefé rety gansxxattetr c 08( E'i'f()r}er Brﬁ%ef%mhr[%d gmlg gfncl)g addmonal

frepegey. oEfgﬁt:Rl Eb@psl:{vq‘gc&)ﬂoqug stgheé H)Grtreslté'ﬂg g@%@txislgiﬁ:\é)mes time coherent with
thP@&tehde OrﬁrismgthGiZ timédas] e BAIMiheeYlew id DonPltes e SbnBMGoop is re-engaged.
Aﬂegéﬁvtell_',f %hJ]IQ)clg'éaE Bﬂchlgvgc@by%ﬂ@ﬁgﬁlé ﬂgmgnﬁ:@ mnﬁ Bgllce transmitter 205 PRN code

Positioning-Unit Devicé anténna 208 i S now
SPHTE 6 FaYT ﬁ?ﬂ“&}‘ °§‘§?ﬁf‘cﬁ‘?'f‘58 fepp yhilii et Feensy Efte
transm tter 202 carrier phase positioning signa
CREBRRLI B@edl SOPRN BRI N8huREL El:ﬁﬁh Eﬁﬁi&&ﬁﬂyt ,togy Ianﬁeegmarea%bodmm

f th
Stﬂg%ﬂ%{}/gosjtio l{l%%ni %CVICCS %{ter i’l@Nc de nmse 8 a Sltlf) C&!'I'IC LF Eie]l- 0 the

ave been achi eve decl ares
Ti me- Lock and the Positioning-Unit 20 Device 201
SdeY RefSedcd/BiNS MiSFloan of its now fully synchroni zed
oD EGH S REASAEALI #?&ue%!:,gxﬂ)@ll mﬁ%@ce xﬂk?mﬁ&%b@é O3k D&x Wlalhieved, two

Devi ce_uni que positioning s 15
ey 81“6‘@?%?‘?‘: VSR EPTHT 2o8 %O&eﬁfﬁé’h‘is‘éf"&‘géﬁ‘/c@d (2) a time-of-flight
phispefivgm tter 202 timebase with an accuracy of

picoseconds a capability that is substantially

DB RO SRR iR Bl Pl AR s s
Pos ivtihecrfiesiglidom PhraseEeogh- ’e@Pat“fe&h@ﬁT‘ fngheprtiani (fepetas Loop™ The Costas Loop
POS itdchrdfté ErebilyJiikdlporatédd 180 degRESHES bubibigiity, AndGiRfefokefein acquire and track

COMpORGHLy SI%alPéﬁx%% %”19 %;@%ﬂ TS RFRR1 %H&%l r:%@ﬁres@nts an approximate

navi gat1 on carrier c

sin l% 1c6§f:onfl g’ﬂ‘f ﬁfsg ﬁt@d&@ﬁ C’%)e ‘%}%ﬁéﬁ’g}"@(ﬁ?‘gﬁe resolved by reference toa
tramsmmhm&dsawmmhameAGhEghﬁmmbammhibhﬁugmmmhe1nnmm@duame

of Lhg.Rhese m,l;mdoﬂe it GifkkAhd Mcampfleiuﬁa@bmmt@e Costas Loop
ot her frequenc seudorandom

(PRAPEHEE O RORL < S B BF oh S B PR B oo
c onpowien phascarsgisterd s the Froquatcy-hoqlier gigrnce otfeslaye qergiades signals. This
Wi G Phakofifs Stdnd1@ e SIHREry FRBNG He sPlcPBNitioRBLIEA Al il QiGsted in
codg sequenc ?Zgransn1tted by other devices on the

sanb  CArT T 1 & quéncy. This technique is known as

Code Division Multiple Access (CDMA), and is

wel | -known in the art. The navigation data conponent

is proprietary information nodul ated upon the

pseudor andom code conponent, and provides a

communi cations link to transfer navigation 35
information to Positioning-Unit Devices and roving
position receivers. Navigation information may

i ncl ude network tinme, Positioning-Unit Device
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I.A single reference transmtter broadcasting to a

single Positioning-Unit Device. 2. A single reference
transmtter broadcasting to a plurality of
Positioning-Unit Devices. 3. One or nore reference
transm tters broadcasting through internmediary
Positioning-Unit Devices 4.YA plurali ty of reference
transmtters broadcasting to one or

Pd¥i trstinh GreRtiipeimddsst f’sffacpwlﬁifdeﬁ%ﬁ fligh phagepgsct is prosent due
Sy nclaniemifaatd psitioling signgll pepacefoe deayberwten i siftrehe@iansmitter antenna 207

br oagg %:%%é&gmﬁghﬁt &bl&%]@nnﬁ’%l iﬂe%@dnl%glcalﬂﬁik&nc%y 'bé?»@een :ﬁe reference
singl e referehn?, mtter can be u bro

ar elfagsrmétteé gd ’5 5t %m(:%i{;ﬁ mt Devnce cgrf be, red)reéente n%rr?ber of w e camer cycies
Posi e dizercrompongne) 285 it Sacigng capies gy Ghegfinciona component) 214, The
POS| finheQifHARphidd difsdDR e GrectidlAllcy 8¢ dmbaidt @0k carhpuidd KdaOMeknown geometrical -
| oc a&ﬁtag& be@v@&’l tﬂe J’eglferﬁzg %ﬁ&lﬁlﬁé’r thgtrnﬁ Q&?Trgnv![ {hg Ii’osmglngatlﬂ%%evme antenna

situated at a known | ocati on Positionin
Devi P& Bpiptegepompray Z?WéoTeé‘F‘é‘f‘é*ﬁé@wﬁ&%fFrf‘IC’Efﬁ?"ﬁ °d§ |1@‘i‘féi?““°l state
203 descabed above. d0k foytiondd eonpperferti2éhieveter, Srignfint tode c@@Qedgmthe State 8

t he @fs?e&i&/Sﬂ&O&b&die-@BUk Rite, Sh R hOrettt 3RS HEdld: 8 darkdY plaltCadjustment.
POSI '{!lle Qeg yu?ractkmé f Vslte(r:ne ansm LLES Zth Posntlorlmgg%gq{lﬁlcc steered

dcerve ren p S| ?lgom ng si
Pos [ ‘taFSB\*ﬁeh d?‘tlﬂrﬁl? £ 8%"%2@*2 repE iy ﬁﬁcm@ oy Bft dfh g currently
POS i daiet Afitrsy ghiasd valpe @p&gaﬁ inCstep @19 ktsvye) 20Ohe @I detafpipdd tias-of-flight

?E " gﬁ%.@ Qﬂ{elc'g% qm‘ier L%Eksﬂgbr % agiﬁg) i€ hlgpxlé-eﬁ‘g?grefi g[?& ii(%ﬂ(éntg@ Uglrf.] eDev;ce carrier
uni dil NP‘EB‘&‘é“gééﬁ‘E ol 8’1’1‘?‘“““‘5 ﬁfam 8’5? %F“‘B‘B?%p‘gﬁé’ﬁ’f“’e&?mﬁ“‘t 75“8 15 now
i nt @hrnallldgyaﬂg eyeirgtind will iy efposi trangrtien g02gamgyerahas G@itipning signal
t he efdatide@ion @RMMI HansREN H@@e2000MPONent , and dat a
Mﬁ@‘?e%; a"ﬁApﬁHE eference transm tter positioning
h 0

sitioning-Unit Device subsequently
0't°f' € e plovesstaten Paye Eﬁ%ﬁg‘F‘l“'ﬁ‘ 8ﬁ|CﬁH 28} dplages Thmed ockgadl @ﬁP‘IS’é‘On“‘g'U““
Dahe QMo b@iis Gadshigsigy Biciy o 28 strehrblied neifper @ric@ing signal 215. The

Poglflcﬁﬂié ﬂﬂnﬁ b&Kce %Q&e %&sﬂ@:@%%@nal ZIQMWQ%AJOL)@JH El{gchﬁjh%% tRe reference
not suEﬂfslment todéﬁermnea tion, s

sﬁ“‘ﬁf POV OB 1 BHFRE “i?é"l“"“%vﬁ@%?’@l“y tat is ts‘ﬁ’ém“*‘auyq’ey‘md the
capagifyef amp@r ot ansmitter is a WAAS satellite the
Ti me- Locked Positioning-Unit Device signal will be
n th GPS time to picosecond |evel, and
U'i“ﬁ’ ﬁosfm"meguss%]\r/}\qsbe used by a position receiver as an
In ghg dreferethambofiment ek Pesifiqpiperenitsienyics Banppfls agmigamReaining gigpal. which
coBd ef hasktcdmpPet O ptud@ihdon? &l Ednipelest, 4ne b @IV@ARE data component. The
caﬁ'lgr%wn&lt £la sﬁnﬂ&%% ﬁé&&n@y%a@e S)nje% krgnymlgefd in the 2.4GHz ISM band,

Posi t1oni ng-Unit Devjces. ngl e reference
thapgta g Pt rOf dhn PEOBERIP o feﬁ‘faﬁ APREP R (ot frequency bands. The
psdrgandaromeimbey (RBN) todDeanporest ivvhahnla@d ylow the Famiey cogiponent, and consists of a
umﬁ&s;bae' s%&n@wﬂrﬁ' cﬁn M{u‘%ﬁ&e& :§noh£§t &ile??s@udyxhﬁ% &fde §3Hl.@nces transmitted
%er {r:\r?cgsﬁ (I;enn ersanes ML t Velql%:e’:xéc LI Ilstt?j:g%x%lavﬁc[l glo(l\;ﬁ%le ngélf glultlgle Access
(C%ml and & VB:@-im%:ﬂ irath@maﬂ@ Oavizeton dsheompenens i prepictagyrinf@@gtion modulated
upédl GO p&idotaidoROeodd campkid\Mnd| PPGakd ®RomnltaRations link to transfer navigation

mean OI'( ko%glgoqmg %It DQ%}Q & i%vﬁ?fé) élbs:%%rgfeéggts %Ia{l%ﬁogll %@Tﬂ!ﬁtgﬁ may include

erence I oni_ n
“dW@F@P%HP%WPW&H?ﬁPPW€%m§G?=m?ﬁ“?@§6ﬁﬁ?@*ﬁ3diﬂﬁﬁw information, and
otheralesgedrehorkdfiter ence posi ti oni ng signal 303 each

Positioning-Unit Device 301-1 & 301-2 determines its
ective signal propagation delay 304-1 & 304-2
'nT?%ﬁ¥ 'BYaP% ence transnitter 302 and applies an
Tingerysekopay baimplementad dymany iferqn) cafieupinny. dbest eppftigurgtions include:
chronol ogi cal ly synchroni ze the carrier conponent,
uni que PEN 35 code conponent, and data conponent of
their internally generated positioning signals to the
carrier conponent, PEN code conponent, and data
conmponent of the reference transmtter positioning
signal 303. Each Positioning-Unit Devices
subsequently transnits unique positioning signals
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400ne or nore reference transmtters broadcasting
through internmediary Positioning-Unit Devices. 16
One or nore tine-synchroni zed reference transmtters
can be used to forma network of Positioning-Unit
Devi ces, without all Positioning-Unit Devices being
in clear view of a referenc? transmtter. In this
configuration the timng nal i s cascaded via

i nt er nedingF P “eisaﬁirﬁ@aw e (RAPRIE B HORfge it Qpyvice:

i it er madingle yfeRog tkasoinbrpgpaddniite tDehirdiey ofiRosifigumg$nit Devices.

Tigre- LQﬁgor mMPSEGUEREsmBeS b&dd&ﬁln@ okl ikterf RN AR StioBiBEWnit Devices

'tjis{lgl :, hIAS uléalr,lll e%re e%%cg E%lsng%rsﬁ)ma clg)sgrlwr}?ongréx!l ritegre[ﬁ)smol%m%\ﬁmt Devices.

ré?ereﬁ@ePFWQHQﬂivwéwm@HT Situated at a known

" location, and a first P03|t|on|ng Unit Device 402

A@tnglg re?elrén%qpa%gmﬂar b%ah&&iiw to agﬁéﬁ i’tgﬁ]ioml-ﬂ]@mlf ]je[ﬂght
P05|t|on|n%?Uni recei ves

ASPE IR0 VP AHEHIVE BB ER T 8P B o PRRCAF (P wonin:
UAi9 !peva FI¢.eshorsePasigoningd/nit Sevdde 2ol sipafdeat e fyecen location, and a reference

tl'al@lﬁlh& ilﬁzﬂlﬁ Qinile® A knddIocatiR. thb Gosftioﬁiﬁ?gtUIBOﬁinEei 0N kebred R feference
.ce et e [.
p(% 2-11u}g 5i %%e 1En driyﬁ%he r%}‘getée gﬂ.ﬂg’llﬂep E%p%g pp‘iiﬁi!mﬁﬁ(g signal 206

refere ransmtter
I Iha PTG D G 2% FPORTY %’ieacai crenes postioning
SigINXOB) Kb Mbsii®nibdiEniCRvics 2N deompeenkierentn peliienid2Rignat odmgation delay

20001 ARRA an z@ﬁgprgéttﬂnsﬁﬁ’&pa&@ Q&reg‘fon 't(t §hr6nefi)§£ari}aLyjnbﬁronim the carrier
cOg%)nerated ionin

?Pﬁ'&ﬁ'@ﬁi’e e caagon%n& ﬁ%igcﬁté ﬁ?mponen d)? asaifitemall ngrﬁtgd stlav%?osnmnmg
sigrialett¢ efilercarie compornis PN tody coprygént. prsirviat gomporghfpf thegfgrency faggsmitter
pdsitibrSds s@QSiOB 138 b&@ndﬂl’gil,tmt D_@Mde Q&seﬁﬁbﬂtb&ﬂﬂ&ﬁﬂﬂﬁﬂ;ﬁé Ppsitioning signal 215,
wﬁlﬁh‘E}P&m gl% \ %ﬂcﬂ’%@m@tﬁﬁf Eek‘e%g @raml’?ﬁtt%aég ti %Qa‘?e 15which is

ronol ca y synchroni zed to & reterence

transmtter 401 tinebase. A Second Positioning-Unit
Tepsiiening Qnasl 4 ual edficiht @ dimomna patiad sodition i wtrovingtposition receiver.

HWSW iPhe Jgialt%n& hLELBAGE: WARL Lk AOTSE-ORRdIPodhibBn U De@ee signal
Stru

nal on cause
IR SRYNE P PEL BT Boer VP A et i e
anfalditippal Procise rapging sageeldn ia tonPBatjdud ecdgHPed (g selgisbonse to the
received positioning signal 405 the 20 second

I
A r':s)m qe rel‘ere?l::eg%ns én ter b%%c?s i % 1% g %luﬁaﬂyfoE ?3;{&?% é Ilj]ngt D%ingzg a

oslI tionl ng-Unit
A Bé&}‘i CIgE) PangRiEr iSF pseto g’ﬁ“ ‘a'ii?B‘i"B‘pﬂf Posttigningr (¢t fevices when a plurality of
P@i0éning Chnit DEVickQis i@ lale® Niek aifiecddrdnie toysmitlar. oni ze the carrier
conponent, uni que PRN code conponent, and data

conponent. of its |nternaII gener at ed sitioni
FIG; gt 1 Buelie °%%°F‘P?“é‘ﬁ"”8‘6i?ﬁé‘i‘iseﬁ‘i‘a‘°dﬁh B s ati%%%ﬁ%ﬂ g‘n%","z’ ind a
refarente dramita Gih drvevittatcd fat 4 kpewif fogation. PpHotifiaying-Hejt Rivices 301-1 & 301-2
redefY | lh@ ?cfe&ﬁ&'p%dit%ﬂh@ Henall | 390 Rdnsnfhed by hD RFEBE& Ak mitter 302. In response to the
recF::g% re e:%xrll(!egpg%tt%rr}{n% 51De aY élg’; eaéLOl@os yn%%gﬁg v1cey 30t1 a&‘%fﬂ { ﬁcte%nmes its

ue posi ncor por at In
re@eﬂﬁrei vl gerpprsandelzy PRI ézo’c?érl disipBn eﬁ?feﬂcem%'t g‘n and applics an
appropram Medhitter CRLIS cotBiGLE cip@Slodidalindyhirosizhadarrid0BmpcBent, unique PRN

COSE!; g %{I]Me&g!m(&%a co &8@ P me%%gentaﬁy tgg}xgratt:& 5(%¥txon1ng 51gna1|s to the carrier

I oni Vi ce base, which is . a
coRRPEHh SRY gi)%gpwn% ARSI Aympart b the Fi"é“"i“@f%’i%‘i’i%‘é"’”‘“’“mg signal 30,
Edplr Bosigoming {Usit D&Gcts fubvaqbrels Gansufits phigreabsitoyingfignple30sA dniPe-2, which are
chioh @Ryl rSlrenid2l QAL CRddnteHensh Rer B tindbasfOI €
Positioning-Unit Devices. 30 Aplurality of
time-synchroni zed reference transmtters can be used
Oneyr mprs acferense rpnsfiitcrs hraadqaging thrqyah intyraddigrdiositieninedinig Deyices.
nore Positioning-Unit Devices. In this configuration
any reference signal error sources, such as nultipath
and tropospheric delay, can be averaged between
reference transmtters to i nprove tnnebase accuracy.
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35FIG 5 shows a Positioning-Unit Device 501 situated
at a known location, and a plurality of reference
transmtters 502-1 & 502-2 with common tinmebase, al so
situated at known | ocations. The Positioning-Unit
Devi ce 501 receives the reference positioning signal
503-1, 503-2 transnmitted by!ét he reference
transmtters 502-1 & 502-2. In response to the
OpseE @t diepyerispipt elepsers gy 8 YAl Bo.ngtvokghLogitioning-Unit
Dtvfives, Ristsiut #10 PRdsitigridgdrlintt [Beivds beind O lclge view nif rosfertie tgisginal In this

cc??é&&é&%'u&ﬂlg g Ay élsé(Q:é v1g-mfg‘méﬂé}y %s&l&n@@&ﬁ-@)glc@se ﬁv%n%m Ql@l‘rnedlary
P r.ans

G 1onru15 rUrmt éf\’éce g‘foc%ref(l“ 1818? goS?bS%ﬁemt osxtgﬁfﬁ% Hm Dewces CH use this intermediary
Pag yﬂ@ﬁﬁ@ﬁ Povése pyieircegrinpepesitoningpéndnt , 17 um que PRN
code conponent, and data corrponent of its internally

F I%efpﬁlg‘gst aelgfeIQrR§ Erg.n 19' Qé 1361 s%ha%ﬁgll lzngwn Igc%lo(ﬁazﬁlﬁ b st Positioning-Unit Device

onent e Conﬁl?nents and_dat a conponent s
G ot et %%WH%“F fishRopfiing UipBevics MG reRys S goriipune signal
408 OBnsrhittd] bs B8 reRerencelvensRis 401. burespagseldnthe re@iryd referes@rositioning signal 403
th @RS ﬁQUﬁﬁHgJ{Mlt t[feﬂ@esmﬁtﬁtelﬂamw{hg Li€nald Q‘Sﬂaﬁeittﬁn hdg 49k @Bxﬂ lthe reference

chronol og ynchroni ze
tI"’tm“tteb\fg{g‘eang fapq%'ﬁ r &Pefenc ea‘f ?%rﬁ%)r{ﬁ ? cmono‘%“f)cguy Vg ?glﬁ B carrier
compquesit, piqye BN topds omropaat. 116 it campaey ofj it g liv generatethagitipning signal
toith8 carlies @mP@PAHRE code contiatht M Had dgpohn & thredfmirddransmitter positioning
sidoht B 3RS W PBJ%lQ»h&Eg-bﬂ?DQﬁQE@ Eﬂb'seﬁn?ehtlﬂaﬁstrrﬁtg G Gnide BsRIbANCSnal 405,

oni n ation bet ween
W*F“Z‘i“éf"&’f%"é“’ F&ﬁ%ﬁﬁ%@? @E"&%‘a“"%@f“t‘?&éﬁ%{ AGEEHTi t Devi ce
bei ng known. For this enbodi nent of Tine-Lock, at

A |S%§i Poglﬁdﬁ[ng Tia fBreli@C408 Gines b tal 1Bk Geakib, but kidt ENWCE She reference

pos onmo 51e alls Q ee 1\;@’ sgrﬂi‘ ekﬁt?u?:ts(;ntczliugeg Ibngullyxﬁé $G9 ng ﬁgﬂl{ teceives positioning
surveys its

s'&nﬁ %‘iefmm t'?féﬁ% Pﬁwarvmgp% iDEYI 02| respaneed? W Terrdyehposiiqhige eignal 405 the

se(@ad MvbitihgiUhit DEvice W delarminaCly §ip0d] fop@ativinelay 407 from the first Positioning-

Urﬁ%ﬂ:é Qﬁiagtg' stan %ﬁf&pﬁﬁe Qzﬁlcsr{‘eﬂﬁn rtc?%nglgglcaﬁ)' @ﬁéﬁmmze the carrier
Vi ce ron r

of fset. The Positioni ver
compoggnk uifup SRY cofls sopegteny %‘ %‘ﬂo@‘i‘“&?&%‘,‘t et F"I%’ t%"??{eawg postioning sigaal
to (he edrger copporent, PRYE cdde eariponeusand ilaticompapent pigthe Brstdioktjoning-Unit Device
polib B sidnNQ0P K sbdoBoRiGmiah Uhic h0Mé «ﬂﬁ s&ke@ﬁéﬁtlyttfaﬁﬁlﬁm unlgd positioning

5 8EnfR, ASRULALECHAPLL, LLBRRASn o by 1 i
potitiopiae sgngli 448 iseehigpplosfcally apchranized t9) th ﬁrﬁ&’%ﬁ@n%@éﬁr Iﬂ%‘fﬁ%m mebase,
whith & dk@dh@ndd@ictsinclirbii®@d b the tehen@itena@aandinetye| , a
capability that is substantially beyond the capacity
of %I or art systens. WAAS Reference In the pr ef erred
A pprs ey phFefprencs tp asmifesy hreadpastinn (g gr porg Rositionifecjnit Reices.
A Purgitpenf tipd-iyaihroSyesitrafimnta i B)tterSean &¢ dspd te brof2Gustig@ ce positioning signals
to Sxﬁtoglnlnje E’&ﬁmﬁﬁ BERSLA! h @{E%Migﬁﬁ r@lﬁ%dc@ﬁg’nal error sources, such as
mu?néartg é%:lt tlrogosghe{lc d@sgar{; %g S‘I.[Q\r/atéed%) di f er%x{ce gr%nisx?i ttters'é toailmgrgve timebase
acqupgiasm t a uni que positioning si gnal on the (TIPS LI
carrier frequency of 1575.42MHz. Thi s uni que
FI%’ %S%élisoanﬁo@xgonﬁgg‘ﬁﬂlDehg‘e Y %%t% ﬁlaykn %ﬁ%ﬁ%&[‘ Iaxﬁieadd)h!lrglty of reference

orrections provi
tranpitters PPl S%W"%‘ﬁ?”etfﬂ}ewee alﬁ’&ﬁ‘f@?d Arkrpearetigng T Rapnifiquing-Unit
Detrirecfi0s rebdivieeths reftlth@Ipoditonisg/stpodl 1ISERAI0 683-2 tGndnied Wothé ghference transmiiters

5051 RIRE Gn flgIRDBSBe RbcivhdlEheree positioning signal 503-1, 503-2 the Positioning-Unit
Device 501 determines the signal propagation delays 504-1 & 504-2 from each reference transmitter 502-1 &

QJm

| 5022 and applies an appropriate clock correction to chronologically synchronize the carrier component,



10

15

20

25

30

35

In the preferred enbodi nent a Positioning-Unit Device
position receiver incorporates neans for receiving
positioning signals from other Positioning-Unit
Devices in the 2AGH#z | SM band, and al so positioning
signal s from WAAS and GN\SS satellites in the L band
frequenci es. A Positioning-Unit Device may use a WAAS
satellite as a reference transmtter and Tine-Lock
mllctug PRN %me% éndpjétg FAPRYYSE A E’lts éﬁte@[ﬁ%\{ octleéatet:l H%‘Slﬂg]’(\jng swnal to the carrier
calripatintsd 2Rz odAAASP oS trid Giah ngrisiegmal the Trqreleleor Kralpeitpeppitioning
mgzlaig‘ hanat ﬁ)BQafhE P@sﬁtno&ﬁgﬁ%ﬁ@a@&e%l ﬂu&eéu@dtl& tratsigel akﬁ}sﬁque positioning signal

Ogbwl?ucg 1S chror%ioglfﬁxn¥ %yn Q}Xigerdtto tpeQHntellg']ase of {}]1 Flremg ﬁm g 502-

vice carriers "haseband
frequency in the Positioning-Unit DeV| ce p03| tion
PéiR ERitise TimeMoe- LOCK is then perfornmed with the
A@Es‘itﬁﬁggstjrﬁrﬁ%beqy hoYcaflBis sfsgqtzﬁgmzu@qbs heédc fimebase wihout the geometrica

down- conver si Qn requires | ocal gSCI | at ors dp . Unit
dl%g& (Ffe{f?ﬁe ﬁ‘ﬁmﬂjhlfgtﬁ PR t1 'Ia)f) b%\ﬁee? relerepss g?nmfuger%aél 0sl 1onmg- ni
Detice by ¥opwmFar @bmnbwimfcwfl Tirpee loxck. af fpast e Jimsflegked Bositioning-Unit
DERRQALBRANiel NBe 3&&@19:[@:@1[1 DR8&] thduah Ot «GaARMAWASE sat DS its three-

dws:gnalgpaogﬂlnog r}])?( cagpulaf’ﬁlg a sﬁélng%n ?o@&lt?n thlichainf g)glla&eg tﬁpf’olgigonh{? IU‘iut Device

I on recelv transmt
POSOY TRiYPE Flopk o%s'eroglgé’gqxtﬁynqﬁﬂlttDequ pﬁ%noB Ire.&gggciﬁ:h affsgtra&ljlately provides

nech@tkatjincataativeaioethe ilandl podiom Siceter albtanwhidhehe Boitipuieilng Device slave

tecadb iRl coht g‘quedﬂ%u&temem&@qmasiug HOprtBGed LR AL e posmonmg.um
receive P03| tioni.ng- Unit

Devigs PSPt S“%Fé’a‘ﬂteﬁgie %’E’B‘Fnl o) e“%%n%acc te ReOT e 10 the pfgeconﬁeVEI ?
capRpifiey theq iy bstanriglly epyafl @e cagacitPr grior roitemy- Unit  Devi ces
601-1, 601-2, 601-3 & 601-4 are placed in known
Wi t h clear view of the sky, and preferably
wf\%ggf er?/ngt ed positions such as on top of hills 602-1 &
In o preferped SRROYiIEt £ Ot Wig3AR Rregrsion Syptpm (WAAS) Satellite
WASTjtsichietlyre goghitivegt donmaicatiogceatliies, alntharnmit@Pa differei@@lgorRctions to

GI@Q&%&I&!’MQé saﬁ:llﬁ@)ﬁscﬁ:la%ﬂ Q Gni Jiu@ g&ft@xﬁﬁ %ﬁ%ﬁi ot¥hd dPs8A Chirier frequency of
Devi ce 60 601- 601-3 & 601-4

I ont ng- Uni t

Ml AR B ORGP R EOTILE PPy ARALS Sol i poeion
pr@QIE fort S Gherefdre 8 & Add dfﬂtft“m)lnﬁm g ifed mﬁ%@w&raémﬁ% fvBifl ig gynchronous
1o MEHvorRGhnd 8 SRkdc af ufoor t he met hod) . Depl oyi ng

di recti onal antennas on Positioning-Unit Devices

hel ps to mtigate rrultlUpath and_i nprove_ received
In & grsfamredtepmbeinedicn Pogifionipg-Ugkt Devife PoAKATTST HHEAPOPORIST BFNg e receiving
poditiphing mmals diveSotiee Paitietkgdini iDrelra $ethagGHAtM baadihd also positioning
si; ﬁssﬁ'o'inl @I\U\@ gndléﬂis% sm\iﬂ:scﬁ?t}xgg %ana vﬁe(ﬁ%xe; A Iﬁgtlonég U&t 6%e f'nay use a

Locs ? Illtg g%ﬁlﬁ | to h
Wﬁ‘?%?f‘f& 1Wg a* pi eéGB?esW‘tfﬁﬁ'@ {fﬁﬁ HEBAF 2284 A &0 ?"f?“ “mtg [fignal to the
15Thi4eHe $o@ moduing cignel. Ainpdolt bebrgen difpamie cuiiey dequ@BiPs kydhidpted by
coltl)ént@ m&ﬁr&ﬂnér\:hﬁ%rﬂu% ‘WIAIAQ aﬁ@dositlﬁﬁhgd@maD@Mb leghiddgto a common

bas[e‘?;imd %eﬁuepfg%e gﬁgitoran nft %ev1%e§0ﬁ%on 1669e§ve1g (L ckpu;e let p%l%trrged with the

meﬁe@meéaeusly#@%nw -dreheigt wtconmmncréqug‘?sglwdwgl fe%]éms in gg (Fositioning-
Uni ,De@ideOpostion&e@ilad-td bé Bdien frbie a Rashdnl Bdillang-HtHetprdRevd engi®diment the
corgagoll o}mlla@p%ect}&atgqg&k ﬁfomﬁti&q{k aﬂ c&ﬂﬂn&ﬁ@ Q§£ f‘cﬁitu&m%nﬁut Device, including

to therr close, rOX|n1t

thegeltiop Y SRR aprpntsa procssing, prd i’ b pisptng PR > delay are aken ino
cofSiggition whvn rgputiictinBdviuesy posilodkohi mgheslisgmat seefve prthsafl the WAAS
and IQHﬁonBQ-SJhﬁ bERE BgiebiMqhend 8 Hid: BS10wdibh&Rioal | OWs preci se

single point position 15 determnation in satellite

occluded regions. In addition, once the position

recei ver 607 has cal cul ated a position solution, UTC

can be determ ned accurately. The present invention

therefore al so provides precision UTC tinme transfer

in satellite occluded regions. Mreover, when the

Position receiver 607 exits the building 609, signals

fromany Positioning-Unit Devices 601-1, 601-2, 601-3

& 601-4, WAAS satellites 605, or ONSS satellites in

view can be used to forman overdetermn ned position
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35 signal 705. A fourth Positioning-Unit Device 706,

which is situated at a known | ocation but out of

range of the first Positioning-Unit Device 701,

Ti me- Locks to the second Positioning-Unit Device

uni que positioning signal 707. Therefore the system
~allows accurate cascaded ti Pre transfer thr ough

i nternmedi ary Positjonin Devi ces. _Posi
Refrae el 7085 Feviryest gﬂfé’e %dh?"dﬁoﬂ“§‘3p%s6ﬁ”t‘1 i PRge ™ known
locgfiogrraithsled @Bw bsharly. trdgre&rrbly inetbvitad peslitionsPers as on o g s B it & 602~
2 AR M BS1dinks 6d3-€W 6684, 1f rdf0ided, 2 b :tiondl 14 B0e Afdcha SAMISAGLS0A-S ¥ 604-4

ma'% also EJ %Eo?p%rﬁé ed xtp gacﬁ PF glo{llgf Ipng%egncep ﬁ]l qogﬁq l ugﬂl % 601-4, and directed

OSI I ONn recel ver
o slontss VS G “6615 é%‘r“li'y‘h‘?i/ﬁ’éﬁi”tﬁ‘r?aﬁ'%‘”\/ﬁmt ity dput pppessential
forntefrethe deplclingclicecd @2l agtnntshve Posgbsnedid-Ras hdps @miitipgte Wnkipath and
Q&)é rgcavez%na: Lh%.saramstfrfa{ewus"@gn\@tvm& i@fumt m@,mtf@fr&&&&c@nebm

U jce 7
‘””r“‘"‘y ga"‘& g‘ﬁ%“éra“&g&““ D"‘“fe ‘{Dg usg?"{]g’ ‘%E‘i c"‘é"ﬁc dFSr‘m‘é% “)A?‘ﬁ satellite
sigpab 696 themcreddieer ripaisien (LD R synichronized nefyerk W\ﬁl Biprsggondjapfuracy. A position
recéiber GTRBMNGY aedelirizn 60f iDfxadtedtinsidRbRg ding % @R WAELS swelfie FgRn®s cannot

pen%&a?eqﬁs bZ@%if%mé il Jas SIg,srp%&%gvev P bl oaxg R D ignats 610-1, 610-

S&ér §‘| YA gm U E’ 03'6@‘\}%&@“ REY g éﬁ‘cb 6§{ %eﬁ“bﬁ gy penetrate the
buitdinpredyaiseto khieir tipre pexivitt. Tigfpogrion\idEres 67 ¢ caableofgécgjvimg Posidpning-Unit
Deh@'p@ﬂwﬁﬂ@nénﬁbﬂr&l 21FHE PRbERBRA be&tl&s anal a@lbtasl pr%nisd?ﬁ?lﬁﬁc?nt position

ecess e ne refera a
e BpHBE RCREUE coflech Mol hhn, e bE pBUEL LAY e
posiign RlupEETG sappslesminchacapady. Thapstsetevepion tiries algp Pmﬂdes precision
UTPGiSik frdntfer ik @eBite\vedludedrsiing. Mot @, &thenahddaGoiun rdcd@adol7 eits tht Building
609C QEEBH tﬁ%m%n)t k’modu(g)-Un%%c%us %6]1 H %hpﬂ i |&6@§ ti Qﬂﬁs gt\é‘l'cfl%s 605, or

l'ite,” Time accuracies in order of
GNﬁ%\??E?E‘E’&’&ﬁ ¥ capbg ussd ity é‘b‘r"%““tﬁ%‘?“ﬁ@d PeoR syt i‘ﬂ“'a% psition integrity to
the Relbsariansedoulatedgosiec ur acy bet ween Posi ti oni ng- Uni t
Devi ces, whi ch are Tine-Locked to the reference

0S n|t Device, will remain at the
tneig Eédas %ng% ever. Inter-Network Position Solutions

P°ﬂ£ﬁ*ﬂ@ﬂp‘l’ﬁfrf%?rﬂf=qs ylagred i glps pist 08 the WbsThiateliisraay vy bhed i@sdgfermediary
refdkeiceGlp@bitieanathdd kot )Poﬁfﬁonﬁgmmﬂmmmhmeat UMM G rece Bl WAAS satellite

s1grQH E%MH&&S% %Ek%on@%mh&lﬁlg AR DL Beil bnllRRSE soM@:' Fildrefore,

ener at ed reference transmtter. Posit]
Ut é‘&ig‘fe\fié?f@“t‘idtmugﬁ‘i“bﬂ‘%‘?%ﬁ‘t“é‘amwﬂ{ ¥ et Gvises being i lear view of
the gefeteora WO\ sateltie-wor k can determ ne position, velocity,
and time (PVT) using a single poi nt positi on

Posh k!l.ﬂ) chlg ons(:étlon receiver's tirne will be
5’8?%‘? S§H YAt Ve to the network tinebase (i.e. the
In theeefany of p VA AS saigildgerof being a‘@il@t@kl) is prgfgrable thet atylepst gnefgsitioning-Unit Device

_ provideb Fid- @bl s @e@w&u ON P&Riblitg @R, DRResPRSthrtiheORow to FIG. 7, a first

Pos[tlgn(in% I){lﬁ r&vxgehﬂ?tl sg.[a atoac @%\gﬁj 10@;!:101; Hedeg%\aghd& rt% rgtgrelgcx\@wlsmltter and

nonous net recelvin osi t |on|n%
creakss ¢ iyElrg “‘I“‘?béﬁ‘hﬁ%étf ‘P?e’éiﬂ}yﬁﬁ‘e‘t‘}ﬁﬁ‘ fimbé\’ﬁ Eessubspqyppt Prgfipping-Unit Devices
703 m’tmmkzsq at Riwe'h IdcatiostTinghHItK th g ifishPdsigdnng @it Dééze tefugence positioning

mrf’émypﬁﬁ%ﬁgﬁmb@efvgg 6 ctﬁﬁc@ rl.{gitmteﬁgt atmmnrbm le.t Ioara,f range of
in

B R R T A
signpl 10% tThes¢fors the aysinrpfdve apdursie [sassadedatine it (hrowghoigtkrmediary Positioning-
Uni€I04vic@ CllokidSreckiQer 70 & RE:RRE- s;tnbu}aiaaﬁﬁsubﬁii@f@a@ QOBEH RsmRted by
all P%f‘l‘%qg% UR Pl?evxcseno \‘?i | “F +09 ”m§ 943?1& I796‘Egd sul?se%uen Ft‘cuﬂ&sea}c sgagllé So%t position

oSl

solufien istpse: ‘f‘?fé‘??t"?‘f"i“%f‘é‘taf féﬁp%'&@trm’vkr 708 pythybe Ffﬁ?ﬂa’nﬂﬁﬁ%br prhioppus with

their network data. Network |I.D. maps the

reference-tinme interconnectivity of Positioning-Unit

Devi ces, such that Positioning-Unit Devices and

position receivers can determne the origin and

nmet aphori cal "lineage" of reference clock data for

each Positioning-Unit Device in view. This allows a
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30 Positioning-Unit Device or position receiver

| ocated at the boundary of two aut ononbus networks to
det erm ne which Positioning-Unit Devices are

associ ated with each network, and therefore which
Positioning-Unit Devices require clock correction
wWithin the roving position receiver position

R o
refgt tlodnT0 gritn| the Peiipningd/nit evijeeT! Fapidnoj neegispHsiee user is only
coﬁk@ﬂﬂ@[r Vo BsicdR etdrhBARBAIIL Be dskrSviDinNRlMRENK with Dglobal timebase, then the

retlererge clor]c;E tzdzo rllthitn 91e referencetPquromg oéﬁxl,t[&egnel ';dgneg@ Ito fe §t§eQ‘§¥o' s

Foving position recelvers in view. erring now
to FIG 8, there is depicted two autonormus net wor ks
PosifionR@dinitiDeviceRgfetdnietsteDaliydaNss §Bdhag& 802.

In RA@ %\}eﬁtloppmgs Widuikre %M h&%&n@ﬁ&raﬂle a&Qi'ign%ent ANBIBA limebas isdhecessary

for tFe Xeltweg ftl Iﬁé}eéb?SI ; ﬁ:%fergng%]’é)m?omrgg%& %ev%cetbg stged(%h:% %tr@ %y a GNSS
tinfoppas. mC@Wp‘ fimetegireavicte § pasisen rgpDeriposifel 2a kngplogign. 13 coprute a time
solution 46N 48 WasD bne GBS 3@Ikd) Fimeabdrati S THE bid@ tof 50 IBnd& s are achievable

us@%%@ gec}}{ﬁqﬁe % §tiv¥: 'tqu] éc@tgac§ b&%@ﬁ §osﬁ814hGJUmt %Qv4ceg ’whi@lpge Time-Locked to

Posi t %6[% Unit Devi CT S|tuat ed near
g REAy Vot Df"l‘fé“i‘ HEE ROPREHYINY r ecei ves

Positioning-Unit Device positioning signals 804-3
Imfemm@nyggmo@g,ﬁ,monpet vvor k Positi oni ng Unit Device
grahty o%-:lf'e measugng ers e usccp Escirea abgl%al%gf ﬁ.ltoggmo% g&\borks An

THE adjace n n &t Wo
au@@mf)‘tsswtmﬁﬁ hfﬁetf vwr lr@lqsmﬂebqs?r@flbla’sﬁ EemREA IR EFTERS 'FF@S“BF?F frosition
recE¥edrd 6 aBQilrai?d tritietin 5 BhdlSaunh@®ks eovorkasd fegnsnd ritidnjr@locity, and time

(P@lgjuﬁl%%rﬁnﬁﬂ 85&(@54&10{1 !50111?19113 }I‘ﬁé ;Qﬁélo‘ﬂ gec&r'mr 2! tll’l(-lp\Vlh G@&teﬁmea ;lelatzve fo the

In1ts network ch
ne SO o0 THETES BRI B A & R g ok psion sl
Pof@s irdeéi ey g ars logatrai|as thé peorram vk (voapfenomeljs acterks, mdtregeiyife positioning
mgﬁ’aﬁ%sﬂ.rotni IQH@xJﬁﬂg-Uﬂiit bevkdVikdarothdrwarks) @Rd Sirst (Qstlb@isﬁ v/ Bl Yietwork

tlmcbascs forg] écg:gnwutgetkeﬂDgs\{éoﬁ 1 é lga]ﬁ bg déé@'l%gh ag %rﬂ]f’r%gwak g(%&ixpsro{ﬁtion and

conection va
reqHiEss USRS BRSIEON PaTRer Mo fiTE kAt 2 STEly rt*tnFFéfeﬁBfif 4gply gippkorgsffigns to the second
timklR Sel bbfo1@ Bonkp@tinga kihglY@int @eitidGdatdn.need neasure an

adj acent network, as its transnitted netvvork cl ock

corrections which are sent in the networ b its _
In te) pigigEsdemBoimegs Besiiae- g Poyces gqinglige apis “’zﬂ»ﬁ' capy 0§§}‘8 gk 1D
infér@atioh ImetheiR@iotki datal Negradni.R. nBps/thceirepgetimp mtcicprpedyify of Positioning-

Unfl Hle WK, Ksu@Ohat Ifogﬁonﬁ%'-b&e 3 TTERNS at{dr;ﬁﬁﬁ(ﬂﬂ B&ivaH cﬁqgteﬂnu& the origin and
me{aglgrﬁcglmhfl?aé \Q(t: ge?e 8ts :lotgfﬁ ga\r)a or eagh oes{tus)mn QF {t Dgwce in vhw This allows a
Pogifienipiiikit Bevica opposithe rg s ﬂqcmﬁ %gherrl%darDé’@ ¥ agguegs networks to
detfRGk LA ll‘bgitléiliuﬁmﬁlt 18013es 3are laSodiaB@d ewithe eheld WetBorR O Sid t th@dtore which
Posrét%guelg—e?ﬁtrDe%Qg nqg@e clécﬁ chr%c\:{ilopgaﬂHr?&%%Hg &@1‘1%&1%&%nguofg‘calculatmns

position receilver I 1es

Bagh SEBiopiBGURERYSY IE<BPTRA Eok Y G is i gt Fosioning Unit Deices i

vieR084 inirthRgeddaict anDeansicie its dbn B3 [n indbrisatityste gflieint Pogitioning-Unit

et Gl kRIS PosRobRBL:SinPRENt pOSi tion solution using all
Positioning-Unit Device positioning signals in view
803-1, 803-2, 803-3, and adjacent network o

Refeying rtowmlﬁg& i {5 dDisteil e aperoinpys oetiverty of Pagiiening @i Davices 801 & 802.

Pos\ﬁ'oﬁlh]g @ntsdleﬂgljs ﬁ]lﬂoil(ﬂ-tz @@Sﬂllhiaﬂ:ﬂn ﬁ&l' bftohOdothen hid bt @idatd 43 @ach other

via OSh\llt{()lllg%%J gnais "Bh:pftj 86& dvﬁig a%g% %lﬁ t \%vlcl% %ﬁ? -1 ttiﬂfnf and 802—3 are in

tTirebase r0VI

view |9 ong| aa@iper é‘é‘rﬁ"@@t‘q“@ﬁé" e‘fvﬂu Ptfl?ﬁéffarm?"ém% ﬂgmﬁéf‘h &2 i 8043, A

networ k Positioning-Unit Device 802-3 can al so

recei ve positioning signals 803-3 fromthe first

Positioning- 20 Unit Device 801-3 and neasure the

t hnebase difference of the first network 801 with

respect to its own network 802 tinebase. The

adj acent - network Positioning-Unit Device 802-3 then

transmts clock corrections for the its
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Mul tiple Frequency Tine-Lock In the preferred

enbodi nent a plurality of positioning signals are
transmtted on a plurality of frequencies from each
Positioning-Unit Device. Position receivers
subsequently interpret the Blurality of positioning
signals to generate a so call ed wi de-1ane for integer

PO%%JHE\:OD STIE%I& v?cléglﬂxgtf; %egrgt lé)u{dgrﬁg)lf ¢ In?onne\gw?% '8?1% ngce:wes [!'OSlthlnll'lG Unit
Deviey wmyhme sigals B4t feom aaﬁhﬁcm@éﬂror}féi%@n@%ﬂmb?ﬁ%ssezﬁ ﬁ%ﬁwﬁsms the
tin@Base GHQR, Sllcaybias, SRR &R ndyorG @iRedARI With TRV to its own network 801

tm{tl,ga OSﬁlg %gt?o’nmgrﬁer & Q;&gso‘? ri]: ngﬂg e&%y 3%@10@@& e@é adjacent-network

nper at ur e ore, ura carrie
P"f‘?"élﬂ& BptPEses§ink f4ted @%%%‘%“"&V&%‘Bgr Bk |‘SI*'P"86P‘6?thd?1'<5‘* positioning
sighal &33P dsti@dhg bibrab digh othee séiavent-tabemisksitionpaUnit Pgvick 802-3 needs to be
re@%ﬁ%'ﬁﬁﬁ fee §dlfiewh@€koﬂf%% Q%@Mﬂ&%ﬂ%ﬁé la£41i clocks in an

UeDC Y S fih SLERGe (et @O HLGE: HRE YL e

autt(mo us &et]wa Sre tcx:néeucoe Oﬂnblslintbermoreé P%_ (l)Jne osnﬁm ngg
an dizgpps mtwﬂe ps @lﬁe@ﬂlrﬂewee@rk Clqﬁlr Qortpciions gdich g Saf“r in e petvere dpta of its
pofi@Sing JiPEIIS03, i Gia@les ardiddyedatd 6thdd BbsitipkiSienitdBli@s @Miitin itsNonN network

Sl}p Pua&gsewn%n%,smﬂ Q&SI It& Q(B ZQ(groﬁﬂgQ)laﬁtlioﬁ re\(:\énlels 865n duce ran ge

errors into_the wde-lane a resaol y

Thp FEEBLY corcsgsr e SRR URi e e T RELRY e 50t
positoniagCidnd 881, ispdveised bp s pistierreckive ﬁﬂfathat Efreving hieteeen networks 301 & 802.
Thi FodBS PositidnSbce R a{nﬂh@d’\:ﬁdﬂe@etvbd’i@m@rkwldd}( &Jn’e&lyns %m Positioning-Unit Device

SOIg azg:lu s Céllﬂ% c?lcu%a% Paossnlk, Id]g)o?rllo p%htmn qgll?tlo§ usm iF posﬁ‘mn Og-Umthevnce

res Ive I nc
m%lt@ﬂle& dgelein wms‘@% bty 88y pnd pdacenh nevpsk %E PsEPRitRg In{yleyice positioning
sighd® $04CeWHINC DR @biat jeSticd sqddtil Glchihoyd 164 rodifdSiogddm edeiver 805 clock will be
tlmte E&%ﬁﬁ il nc%o&%? nm&ﬁ@ﬁg p?cvﬂgd e SRk qullgchgns.Fﬂ'uHﬁe%!ler e adjacent

ositionin nal s, which are tran
netérT‘k Ecrslﬁlfatgﬂgl I{ng g\flce é 1?, 2R Flsqfr?cglawﬁgcinglg mgnf% g&S 3 from therl'ust Posttioning-
UnP@svitei S0h# arg-nidasute tBefinickree ditiaintd dinberfot eftyak 83Irgdlkespichie ifs own

netRbrld B2 b BhseOThe bl ReHd BMEc 1N @IS Emk DERE emehep @Fkhits@REGrrections
forfsth Qrg Q‘Aéacént-neavorkalLomgont [ g\rcjigt( Bevgcgse%(ﬁ ll LH’O‘?& I & ¥m% 1{3 its nejﬂ'?rk data within its

verse s oni ng
poqm@gqlg s,ngﬁ,s,q:ga rsreby Pleving é)vqrg A itipy peRedvers éﬁto choose between timebases, if
reqhife@quency- di verse reference positioning signal to its
respective frequency-diverse slave positioning
nal, such that each slave positioning signal is 5
“h¥W%636W8ﬁYEQFPV*synChron|zed with the reference
In fhe prefervl enlexdime h @luRbig iof positining sighvistareDaysingted prheplurality of frequencies

frot lefHR Wltﬁoﬁmﬁ Ulﬁt BALE. Aokifioh r&@wd‘rd' ﬁﬁﬂd@ﬁﬁly 'uﬂér[\(‘& rtﬁeteplurahty of positioning
eren

S Itionin
5B, kit Age FIGhRY o oy G i PR SABIFL Py 1k B o
sngrraé a@.ﬂpnepwa@ew filaradhilppekedng Hoevsh ranaHiten Y pseiTer fhestpnice dnqv as “group
delég(/f‘ WoupadeR Schil lv@ﬁ B CRhdeHndE edepindihd) &5 frijuehey hidin@nbient temperature,
Th Jﬂ&e‘? 9 1J rtﬂ}é%gv %9 éeuéréteqrﬁo&AQm:&Jn%ml éﬁﬁd transmitted through the

oSi't onl%‘ﬂ Ice in View e reference
sere gy Pt Wl cgpstlys veRapal e ieleys e the g Tpgueneyffaences. and further
expeden@rvaryinbitoh deBysc@mabby anpagst chahg o trypsmlitpe klewttonickQThis causes
ETHIEIQI%M': ﬂogﬁdnﬂg mst ﬂlapg?é'ngteﬁlase -Eaﬁfeﬁtf Qﬁnepﬂaﬂﬁoﬁéﬂepoﬁﬁnmg signals will

i nduced ran

IS
indysg EpgeieTRT g g’@ﬁ”fdf"laﬁfew}b@%‘tyﬁ%s% o) ?Ag{ﬂ ﬁré’cess'l'h e position
A Rogiding-8ipit Peyice oy dliminaty Fic goncokrrrpnphess etolilon dng e referensy traggmitter by

nmam&ag spmremy 6t iRGKn D iR &sePOioShd HinME WBEh kb BdiRENOY tihdlodkBBro their

resp ct1v9 mao mo r@ © OSI sstlfgﬁ sﬁ algl'ﬂ %s ngt eg @ﬁtﬂ@i&é(mcorporaﬁs a plurality of

erequi si
steof o R 6 c@&aecaesﬂepﬁ%ee%@. Wﬂ&ﬁ.oﬁgosumutg SR, e e trnsmictd on 3

positions with respect to a
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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 UPS and WAAS. In the preferred enbodi nent,

Posi tioni ng-Unit Devices sellf- survey from GNSS,

and/ or WAAS, and/or other Positioni ng Uni t DevLsc%s fo. .
Pl Phflsr Srvmees Tho FOPatinald Dob® pelps e Bifs e plumlity o
frﬁpe@q/ulg,msg/refcmnqe hresitpnied egnpiechné aloo ticketht plurality of frequency-diverse slave
p(HQ&llin% |siglﬁls N m'itit)mx@akﬂltmﬁcet flxﬁ@ﬁ(ﬂﬂcst eadhrfreﬁdaﬁy-ﬂimrde G@Jﬂﬁl&Cbos itioning

I,.f Medi
SI%‘Q&%%—IBZSP%VG %%c&u%@%ji_]&érslg §R>ie oscti nin, il%lili\@ suck:?ﬂhrme evealeé &%m& ngnal is

cheppolpzisallytsynshipaingd witnthe refexeree E@th‘é‘tfv@l* R%*“W“tgﬂlﬁ'ﬁ tD‘“"“e the“ “‘”’5“‘“5 its
plﬁrﬂwfﬁe@ﬁyty—m@mtpbﬁioiﬁﬁg sightitg] which e titne-bahéren vy Bngeuptdelay from the

reﬁ-HﬁoE %@mlﬁ%ﬂ%ﬂﬂ&tt (Wl th§é¥ §&1§ﬂ§<¢d ?o'ém&klﬁﬁmfi%ew Sin v;gh € position receiver
band

whi.ch.
dcggrﬂneﬁ gtde— mt‘e%:f ar{ﬁ) Fyelgsglgjao (ﬁ%igﬁmh aacll; gctmélgnmgf i Dev:ce in view. The
relssepe bvereites prpwpaldadperetedmn ARosist fron Whigh istogmal @Oﬂ%trﬂwtﬂ*f@‘*mcked
PoiG &N Dvick D INRreford thd RIS AR Qdudsll Ehededn@ id dVide 6 eattyRikidoning-Unit

De%% %H&%T\lg S@% (#)L Is%@lcr(%@rg@%%&i&ﬁﬂn%ﬂt ??lzan F():rcrer(%r ésrarreecglver clock bias
ang PRI Ao Il PRI RPSHIR WP Pevi ce i ncorporates a
position receiver, a transmitter, a central

NaR IR €5 Sl Gke PRk (CPU) and a conmon oscillator. The
It .
A Elﬁ(gﬁlﬁgei tg 'g g%:?{ tl(x)e,lr I(Qlc fa tgceam?onﬁlé %1? {)ff-wcx B?SIEIOI{SeWCItE respeect tOa

rec | V|
refrorsp forc@cmawgra@? @natald copzditgte érern@m@r: My autcratﬁﬂr frdfrred embodiment the
ERORERE Nirh Fix3bEarPBRNoapderar ipaae Riichandsoahedab@inate frame used by

G%%G?%%gt In J@%efgrreg @rﬁ@d&n&ﬁrpoéa{bﬂ%ﬁi? [ ﬁtt,vgg’s s@ﬁ“—sut-@yaﬁttm @Fr@s and/or
Cc

arrier rator, | east One
WHAT adier per P"é’l‘iﬁi‘"‘&t"“lt Bavéffs o frteraipe FEEF @r"&%ﬁ‘e The CPU
conprises nmeans for interpreting positioning signals
T,g,gg,gglg,{@q y,,c he position receiver, r esponsi ve nmeans
o PR St PR B ok e 95 AR Rl i
Mﬁrﬁé\ﬂsmgﬁn@f ééﬁfé? ae8GHEchie 24 GHe Babeod %‘P“’Séllel develgppsat e Resgioning-
Ui DetiftneRoms §iktion irdg@atdd kdnst2BY bu@iBvithou? MtefR@Ened t ictigntM@Wgatiad systems

such a%GPg’ThE EQ&I@Z ]!Sﬁl b%?cpzlis%taﬁ(gvs%ii Elgfﬁk Béﬂ%hﬁg gzvhuﬂlcgn lg%yédcfﬁ' increased

I ncor porating position recelver

chippingyaipy 9f dEget grgpgnce SPTeR AR PO SR> ey sq pnyfiplycrgiers for

widehutk istegeOotiDamb@gsigirtsblatioar 905. The position receiver

902 incorporates a plurality of receive channels 906,

and the transmtter 903 incorporates one or nore of

carrier generator 907, one or nore of code generator
DISORIPTIQNPFRREI TEININGLRITOPEYEREARWARBCK 909. The 5CPU

904 i ncludes neans for position receiver

In %’8 %H‘edc en‘{tbmpuneng i%bsﬁlomggném ]9E.EerCt b %p?o%g ta%]!’)smon recewer a fr mitter a

mmeans 10r transmtter st eerel atity of
ce@amesqu@%{ qnéﬁ cgppn oscillator. The position receiver incorporates a plurality o

receive channels capable of receiving a plurality of positioning signals, each comprising a carrier component,
a PRN code component, and a data component. The transmitter incorporates at least one RI carrier generator,
at least one PRN code generator, and at least one steered clock. The CPU comprises means for interpreting
positioning signals received by the position receiver, responsive means to confrol the transmitter steered
clock and means to generate navigation data. The common oscillator provides a coherent local timebase for

all components of the Positioning-Unit Device.
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Positioning-Unit Device position receiver A

Posi tioning-Unit Device position receiver conprises

at | east one receive channel capable of receiving and

10 denodul ating at | east one reference positioning

signal froma reference transmtter, and at |east one

recei ve channel capabl e of f%eceiving and denodul ating

at least one co-located transmtter sl|lave positioning
Rgfi:r@%ow tcPlf“.Igf e}hgrsl v:ieplgcdlg&)gfnfoima%}}wbDeuﬁf ?OI%W?S%IHG a position receiver
SPos irinpootter PEe e Lol Hreesgapidiy] (EPHf04, @nded spivmgn epcifitan P8 iTheyposition
re@diver b QPR Les RPRukalidy QRIcRY e Sﬁa&féﬁb&s bl thd tﬂaﬁsﬁrﬁﬁﬁﬁﬁ incorporates one or
mg‘rgg cgrrau(a:r%enae‘rgtg)r ‘Jﬁgto%cgbrr Im% of c-(l)- eegengr% or J(}Fon ri‘l ar ore ofs ere%Cioeck 909. The

receiver prererabl dal's e capa 7

glf 9q4é?féid?fl nﬁegns [5?5 Jp4itiog Irﬁc‘ﬁ@r Wﬁfagonf %Ie,rﬁleeﬂs Hes fransmitter comrunication
9R0sd i¢agy Torngesioivkit stebeldogiasmmibieation@sm tting in the

2.4GHz | SM band, and positioning signals from WAAS
1,an.d .G\{?t sat el Itltes transmtting in the mcrowave L

B TR AR "8 ¥ si ti oni ng-Unit Devi ce position
A PesitieinggPnittQeyiedassitiog eastitutompiisss, at spstiong preadie pireprtekeapable of receiving and
depodulatiigQin icPonS refpiadeSodittohihd Adn#l Groin e fa@BEraRGRIIHRO EhalaOigHstERe receive
chyrﬁngq:aﬂaﬂe 9&9&‘4@1}?& én.g 'Zléh'.odﬁ:’ g gt?e%& Io}(ee&) quge?ﬂl tﬁ&ﬁuﬂ? sﬁve posm(ﬁung signal,

recerver processing and. design_are_ wel nown I n
Pnéfi:rfblyaﬁd)og ogng] H{ut Qe\ré::ﬁ B’Png’P rca@gc&llﬁ ﬁ%aale f?é lreéewmg a plurality of reference
poﬂ@cﬁimgisignabrﬁongcr@mdt acewy @@ itieesitys Mhet Rositionfig-Unit Device position receiver

pr&&‘ﬁil)t dh8UM EIQ)' ﬂémaﬁabl@%y l‘e@é?wrtgr]ﬁﬁl%ﬁlng & als% 4N YOsxhomng—Umt Devices
transmn&m al lht &EGQ'H IQM?%nI posn 1(!n91g sa%ﬂals fr?m ‘&gﬁg t Jéﬁsg satellites I?xansmlmng

] Or an cr
in fhne Wtetlérﬂndcfre@eek@es | ﬁqpﬁls'ﬁ‘él“ﬁﬂ’@f‘ BeYice gossb e verdT ks dppgedulates, and

intBipree pediodifitn®ill futieify @d amk mbiodgiegiaradddedntole GHS gdivt desigu.
GI%%E&LJP prU&Lstg an@'dgs%ﬂ: Lre Q!el Lx@d in. 1§¥ g‘t Jﬂ@ §f€ r?bt :( % descnbed here.

t echni ques. "DDS techno gy produces a digitally

generated oscillator, which can be frequency
Pogievinzdloktddvitegrangnlitarhert z 25 accuraci es, thus
A @Jlskti@ﬂgigttg'nttﬂbelcg GRS il:tseﬁan)c Lxﬁﬁ‘dﬁtﬁscﬂo b%onpgnﬁ&liﬂs(ﬁ’lsxaseudohte with one

major amy crctil i unprovemenp Caog]eerrc]:g %er c cI% ISItl%nprefen emb irent the steered
af ansi tt eFParEd i *n et or | ' eastPone (K]

rapsiigUdask gma)ed Bt igdtpl dgréﬁevsa*s @Fr?ct Rigtpl §Inﬂ1efe6a(§¥>5)dw@“ques Dhs
tecﬁlﬁ)ﬁgﬂ Proala o TiEILIP @éneaERME g e @hige Bar @t ffuency entffed to millihertz
ac&ﬁglgsl tﬁl[s aﬂ@ﬂ%%tﬂ%mﬁ&‘%g%ﬁ Be &Qﬁel&%{a&éd’et() a&ﬁ&ﬁBiﬁE fRlence signal. The

which i's a Sinusoidal radio frequency wave,

“”ﬁFlé‘Ffe Plsflo forRoFaieh il et e mafior Fieauopeys D cpref %&ﬁ‘?ﬁ?" Wt least one
psduiren@R\woba €PR)D rredeadesratop rihel HE egridr Rencoodmodsaspe rarnkr component,
whith lls%f&mﬁéamfr&d&% RndHHabil ﬁeﬁ&qﬁuﬁﬁﬁ&é@ REQe 3 dt: Iﬁa lﬂanb €nd the PRN

d?é enesotln UIS c@c }90 tOthc rclﬁéneséj or?nd%nc? uence that can be
o citie AL raliS i B of i PG o o
disipepibhgd a#lqngsy Ofberr pesyipegdopamdelyequepsrraragsiidd emthasapé eprsl fr‘tqyency A
phedity fof @Qas@RCHc@EnefaRd BT OFIMERY) T 18 rereRt fo @Fbduckh Eheralled AGIds lanc™, which
1111134\,41I ?illblera% esT%y\,%yc%aHblggg {onl; ergs%{vedc ¥1CA ?Qv%g?gsg%ﬁ trt,¥ 1‘;69 Ip Ghe preferred

rovin tion rec
"mb‘?dé‘fe@rPP%‘dP“’éﬁHHHPW@ﬁ Fa“F’t‘.:‘g‘?f% Topisay R ariiee 'B@%}?ﬂd\éﬂlﬁple Access (TDMA)
schbm@ Mt BghSpoaereCMK. s@iioding sipnal$ denoDjawi veshleNCINUA tpbspiloging signals
traré{ﬁﬁt@c?&l tﬂe@%‘t\?{q} 'ﬁiﬂ%ﬁbﬂ&[ﬁ@&n ;E‘hQQn ﬁ%@a@%bi&m and is also
sitioning Si gnal s do not | am weaker
wegg‘?“’f‘fn d¥ifg signals 35transmitted on the same carri er
frequency. This phenonenon is known as the "near/far

Pomoaia,l; @[ﬁtD&ﬁh@lCElﬁraﬁi'rS&ssﬁQbhﬁ known in the art.

S Nty Device Central Processing Unit The
mg%m{“fmgn%lmﬁgévﬁnF BeVi"Ce cPU conprises: 40a)Means to

3 det Mep Wé‘ef?rﬁé‘e e PrTer posiiiersTt thie Besitiging i Device.
Positioning-Unit Device. 23 Position determ nation
can be achi eved through either self-survey or through
manual initialization. Self-survey requires the
Positioning-Unit Device to be in view of at | east
four other reference Positioning-Unit Devices to
determ ne a three-di nensional single point position
solution, or alternatively, a Positioning-Unit Device
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Manual initialization is achieved by placing the
Positioning-Unit Device at a predeterm ned | ocation
10 and nmanual ly entering the geographi cal coordinate
val ues into Positioning-Unit Device nenory. In the
preferred enbodiment a first Positioning-Unit Device
is manually initialized usi%g preci sely known

SR LRI T T U A
Po F¢,| Selfonven ge.aqujgl_the @m;é;g;-g() l;):;@a ﬁ)sbetlf.\qeﬁwf ptalpz.gt fgur other reference
I T efoiiidn®e-Shif iced @l a Lthte:-diRdidnkIOdngleCfo@it B&ition solution, or
15A allt h\ar‘erl]yn z? !’o%mom W?DR% b 6J b% rl}l. ‘);egi%ﬂlt Ye%lg i N%esgtelktgs plus at least

searc or any_rererence tronin INn_VIew., )
C) ,\}@gﬁ:gerefl@ Pa%t&)alingrgmtali)ev‘oee gsttus S’H@ :%wce Positioning-Unit Device
poOSi sippbiesi oty ®degn@llca:a¢rcﬂliﬁ=)ﬂlttaac¢rrenmsv®1r Kl OGNS sageflighs in view to the

net vv%lfonstgbﬁt f)évf&mﬁ@ﬁ‘osﬁﬁ%lg%ﬁ DO @R SuchIRBNAR@Rkte p&likion refative
Means_to i gnal propagation delay from

the P8 E Fercﬁ%g"sf“f"émﬁs mt? eF to the Positioning-Unit

DeviMawual pipiftisp i adisved baplasing the Besitiping Unit Spvies gormerdpippiaed location
ar e dhd i&allp Xinae the ghodriphital tddMinkte bbieSiRG @ospidSihg-RMievigh memory. In
Si 9 rhff‘el r&'é)éh %ﬂhl%@ﬂt qqﬂs@l’osﬁ‘i@rﬁng%mm&dis g‘ngnugit}eim ing precisely

Posi ti on| ng-Unit Device |l ocation. The coﬁﬂg
geortBtf €Y “*’Eﬁ‘ S s RReR S 'é‘f'b‘?eé’fﬁ% &l ?¥§‘ﬁ1f‘f"t‘ PSS satellites
and aRbbs firkt GevitirgredimitDe@evi ce i s converted into a

oyt | Mavedsd hii@dU rei@bdcS Gl s@ich Aﬂaﬁab%mﬁog réca\iels ialize the
E:’]Ia\cl] 4 eB ! an% E ]geogi (ﬁl%?%%ﬁ%geeﬁ tr saé%r for any refel%lri]ce a«P IOnl § mgr?ﬁ S view.

©) appr%earrsutmcemﬁét st goe queneeceaﬁaﬁ%@ Wka"éi a%ﬁact PESW‘I"h gme and network
t r aristiirbh BE pavigdlibicdataicgnpbiieansm tt ed as t he navi gati on

d) dat %&&qp&@me tfleﬂlglﬁﬁ Sroéﬁ%ﬁi\‘r?de@l? %IL lthg péfép&cesﬁa%ﬁlﬁler to the Positioring-
Nawrlrglat ion Data i s nodul ated upon the

t r af®iPPE%r - gener at ed PRN code, which is subsequent!ly
Mo d Wetitcad werpoiertphidfion pamignats aefist generddtoadhRplogur pésgipning signal
glav |n9@§aildﬁrﬁag%§1ﬂ chifyakell @ceglle tchd¥R - paimmg.tgnii DEGE NEhton. rTl’hc computed

ositio ni t vi,ce | ocat.i .0t net.wor

dat § P uclﬁal tanl oiéegsie?n 6?] ereanrc]e dtr T elrJ %ﬂdé’f\sqlgbmo%lﬁ € Device is converted into a
Positigp-ehflighyefrli t Devi ces and GNSS satel | ites. Means

et 0 applsyo ihikaizamd st raisedet codbgemdfatof Vithgh ippopiiae@biqaMEIN code.

t) I ni tl‘vlle"é)rL tczg%nmgan(? La@s ﬁpr&ﬂhﬁ@ m&g e shPncARAY 2% ltorfﬁzt tFansitter, which is

I me and frequency %‘ Means to initiate the
posu“f’fls’aﬁedraéﬂ’é’i“’\‘/’é?“o’f ‘E?‘%%‘%"PEW i1 BF S ARG S EHGsi t i oni ng

Si gmatigation Data is modulated upon the transmitter-generated PRN code, which is subsequently
modulated upon the transmitter-generated R¥ carrier. Navigation data includes time-of-week
information, Positioning-Unit Device location, and other network data such as location and status of

other Positioning-Unit Devices and GNSS satellites,

£2) Means to apply the calculated time-of-flight offset and initialize the slave transmitter to approximate
network time and frequency.

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

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

coherence between the reference and slave positioning signals.

The CPU measures the instantaneous integrated carier phase (ICP) difference of the reference and
slave positioning signals and applies a control loop, known as a “Time-Lock-Loop (TLL)”. The
output of the TLL, applies correction values to the steered transmitter clock, in order to zero the ICP

difference.
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i) Means to acquire the slave positioning signal and
apply a control |oop to obtain frequency 35coherence
bet ween the reference and sl ave positioning signals.
The CPU neasures the instantaneous integrated carder
phase (I CP) difference of the reference and sl ave
positioning signals and appties a control |oop, known
as a "Ti me-Lock-Loop éTLL)" The output of the TLL

1 appIMeats e o1 dE BT ges 15 et flae rettiopiph HETH papigtion data
cI O@hmponeht 0d GkFmihOthE hOditfh@cd e the reffremne gositiondng siyhd st slave

%&h&@&&lhhe transmtted slave time fromthe slave

OSI 1 onin nal navigatio ta conponent a
0ot ST AEITHET PRE- T FrEP LB Tat SRB PRE Perapafusdme

posibttivesmitigefatngn adsitignad sdnah\aed ghoslatd eesiliangs siggphalch that the slave
K) MpaitBnideQigldl BEnrdbRMtally \@igtel SR Rdtettrb ERiniidefimeC| 0CK
thehggg%i b RN O Zero the time difference

5betmeen t e reference posi tioning signal and the

sl ave positioning signal, such that the sl ave
Copoein Dicilafong signal is- chronologically aligned with
Ths aglm&e&aﬁa% frvidet ARt 1&T tinfebaFEror aii MA@.@@.&S dithe HQRbAIAUnit Device,
H:El ﬂ.lipe OSCIflalfIOI‘ Ose%qygw%u@gos%mq I’eCGIV T, lgl érbrgkang rﬁmpered tll'aTlS‘nlltte!'

BEETT" provi a coher oca ase
cloeke ﬁwdﬁ@ﬁt@al @ﬁleb@i?eﬂcr?@ sppilgn frepyenphiekipey fre eeeived erreﬂce positioning
sigfsf sfirigCulkb @dlled FriRerSR MRCKDS Gysitelma(ii:m) Wih EiSatk fe@ivell fefé@nck pasitioning

mg&?ﬁéqtléngpoﬂg %%glinéég{{ed bgz Blg P%P it I_;eh @git%ﬁ Qe%gver is fed (‘{II\IZCﬂy to the

mtte erent oca t1 nebase al

PO Voo BB TR B Fin o TP g mph Saes e
frequedee piBeIcEugd S inconpgrefersicgpraitionig isiag, thusdingatng ¢d common oscillator

tertt &ﬁ%ﬁl&%g Iéfaf&iﬁé/ﬂgfe W%&mécﬁmtweew& beef%ml:el'imi e positioning signals.
nal equency

ni n
FTg %se e“‘?”ﬁeasuréﬁp% m%ﬁgl d%l fb%%ﬁl {M|t Devi ce

p03|t|on receiver, is fed directly to the 15
Posi tioni ng-Unit Device steered transmtter clock.

DE(Bépﬁbﬁ%g%g?ybgﬁﬁﬂgg}ﬁm clock sinply enul ates the

requency o et value of the incomng reference
positioning signal, thus elimnating the comon
A rogigipbditat mpeivieanmra:iydommisma alurzlim gf iRefverhemclehBlagg@able of receiving

andFﬁtgﬂ'&ﬁQ QAémlx@'%lgwpﬁsfﬁlbﬁi%sﬁtﬂﬁg OB BHRRCEANE pﬁerﬁM@ transmlttmg in the
S Sl.gha u
24 I?znigMa and, e rov %{Enhrccewfr i 8 So rtl;}er%hlpy ca?aglg ok 7ol rece1vu1g ang B%rprehng

nen
posDE@(gRigimm e CRESSTHE Wzs SLEUISS(@FEM*MG nckF Inbﬂni!) pencign The roving

posfieCREcWe is REEIBT ARblY oCRAPIlaGR Savdeafdn dht@ Intdippratde nE@6R idMEfrom all
posﬁi%m%ha% uE Q&I i §Io&@t@%glin§ﬁogfof ﬁoglﬁ&kn\é-ltﬂig Device network time, GNSS time,
Positioning-Unit Device focations, satellite locations, and other network and GNSS data. In the preferred
embodiment network time is derived from GNSS time via WAAS satellites, thereby making network time
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 camier phase
measurements for each positioning signal in view, and means to solve for position, velocity, and time (PVT)
using single point position detenmination. Single point position determination can be accomplished by using
a conventional GPS position solution, which is generally a form of least squares regression that is well

known in the art.

The roving position receiver preferably incorporates means to determine integer cycle ambiguity, In the
preferred embodiment integer cycle ambiguity is resolved using wide-lane techniques. Once nteger cycle

ambiguity is resolved, a precise carrier phase pseudorange is determined from the roving position receiver to
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15

and interpreting positioning signals from

Posi tioning-Unit Devices, which are preferably

transmtting in the 25 2.40Hz | SM band. The roving

position receiver is also preferably capabl e of

recei ving and interpretingzgositioning signals from

GNSS and WAAS satellites trdnsmtting i'n the L band

{ E’ gnem%b mt \é{(bea erecgr}'ollér r}‘)gﬁé O%%ﬁt clgf?lpr ﬁgsecgntel\ég' rn{l I boeih of apariner cycles (the
iﬂiewemwra}mhﬁ g fiprBenplopriter @ateamﬁmdfrﬁoa‘lmhl Cﬂmlgveﬂ'i 9ppiafgomponent), and is
teSded) B PheSidoraigeVdu@ W, thd RdkBoval foQis relel@ reRitkn@dsi Oifie-0dcked Positioning-Unit

D£g§sl egﬂlbqnﬂm@ gohyghc} to %V&s@og{wﬁm Kyt ahmg agﬂ%ﬁ%om J¥Btion solution to be

Posi t1 oni ng- vice |ocations,
forms et ?Bﬁ‘gecls%tﬁﬁ‘erﬁf%@%‘anﬁétvk}\%?‘ﬂheé‘ﬁﬂ m@@e“ﬂaéf"ge“t‘?‘h t he

preferred 30 enbodi nent network tinme is derived from
A GV febelVBr M@ d%ﬁ@até an& lnleﬂeﬁqmsutohxsgr seéaas d¥RKekeR By DRIMN & Time-
Locke%osatmnmg}lslt evnccs un m:r%F Cgabn%rn% odolo 1es usecf g:mpven%onai Q}BS receiver

incor es “neans
degigpeleb ey P'ﬁ%eé‘?l’i‘é elrdalﬁﬂgéa aﬁﬁfﬂéﬁﬁ ME es’mfblﬁi‘“yé‘é%}‘i‘“‘m are We“-kmwn in
thqe@Snd dreQridt sitgecs H@gaiddd kel vi ew, nmeans to make carrier
phase measurenents for each positioning signal in
ew, and ans to._saolve for position, velogcity, an .
I Wﬁ”ﬁéwcﬂﬁw) e g i e B RDIRPPBRTLY SR U Psmfﬁaf’ia%ﬁ? of this
m@qqgkaé sygoivd pthiy owdifiatins hd tvaiandnnkeretoon would belppparent to persons skilled in
theR G Hadnics REM Willin U8 bri@ sdpPan€ b Nhik @Radon bSeRDS tr@ N
solution, which is generally a formof |east squares
regression that is well known in the art The
roving position receiver preferably incorporates
means to determ ne integer cycle anbiguity. In the
preferred enbodi nent integer cycle anbiguity is
resol ved usi ng w de-lane techni ques. Once integer
cycl e 40anmbiguity is resolved, a precise carrier
phase pseudorange is determ ned fromthe roving
position receiver to 25 the Positioning-Unit Device.
The carrier pseudorange conprises an integer nunber
of carrier cycles (the integer conmponent) plus a
fractional carrier cycle anount (fractional conponent
or phase conponent), and is ternmed a pseudorange due
to the unknown position receiver clock bias.
Ti me- Locked Positioning-Unit Devices exhibit tine
coherency to tens of picoseconds, thereby allow ng a
single point position solution to be 5forned fromthe
preci se carrier pseudoranges w thout the need for
differential correction. A position receiver tracks,
denodul ates, and interprets positioning signals
generated by a network of Tinme- Locked
Positioning-Unit Devices utilizing the sane
nmet hodol ogi es used i n conventional GPS receiver
desi gn. GPS receiver processing and design, as well
as Wde-Lane Anbiguity Resolution, are well-known in
10t he art and are not subjects described here. It
will of course be realized that whilst the above has
been given by way of an illustrative exanple of this
invention, all such and other nodifications and
vari ations hereto, as would be apparent to persons
skilled in the art, are deened to fall within the
broad scope and anmbit of this invention as is herein
set forth. 15
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26 CLAIMS 1. A nethod for allowing a position receiver
to determ ne position solutions from positioning
signals froma plurality of autononbus positioning
networks within a positioning system wherein: a)-
each aut ononmous positioning network i s synchroni zed
to a different tinebase; b) each of said plurality of
aut ononous positioni ng networks conpri ses one or nore
positioning-unit device; c) a position receiver is
situated near the boundary of two of said plurality
of autononous positioning networks; said nethod
coopms sing the steps of: 0 at |east one
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vi) said position receiver applies said timebase clock correction to said positioning
signals received from said one or more positioning-unit device from said second
aufonomous positioning network; and
vii) said position receiver calculates its own position using said positioning signals
" from said first autoromous positioning network and said positioning signals from
said second autonomous positioning network;
such that positioning signals received from positioning-unit devices from said first and second
autonomous positioning networks that are synchronized to different timebases can be used for

position solutions.

2 "A method accordmg to claim 1, Wherem safd position receiver determines its own position,

velocity and time (PVT) using a single point solution.



such that positioning signals received from
positioning-unit devices fromsaid first and second
aut ononous positioni ng networks that are synchronized
to different tinebases can be used for position
solutions. 2. A nethod according to claiml, wherein
said position receiver determnes its own position,
velocity and tinme (PVT) using a single point

solution. 27 3. A nethod aegording to claim1l or 2,
wherein said position receiver first chooses a single
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unit devices, wherein:
i) at least one positioning-unit device within a first autonomous positioning network

receives positioning signals from at least one positioning-unit device from a second

autonomous positioning network and measures the timebase difference



unit devices, wherein: i) at |east one
positiening-unit device within a first autononous
positioning network receives positioning signals from
at | east one positioning-unit device froma second
aut ononous positioning network and neasures the

ti mnebase difference 28 between said second

aut ononous positioning network and said first.

aut ononous posi tioning netwggk and subsequently
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}éo s fiperitiopirgsyitapeaceording t(vrllsélwlli wherein each of said one or more positioning-unit

devices transmits its own network identification information to all other positioning-unit devices and position
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29 16. A positioning systemaccording to claim15,.
wherein said one.or nore positioning-unit devices
deternmine the origin of reference clock data for each
positioning-unit device in view fromsaid network
identification information. 17. A positioning system
according to claim15 or 16, wherein said position.
receiver determnes the origin of reference clock
data for each positioning-upit device in view from
said network identification information. 18. A
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20. A positioning system according to claim 19, wherein said position repeiver can determine which
positioning-unit device positioning signals require clock corrections as a result of having determined which

positioning-unit device positioning signals are associated with each autonomous positioning network.



