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

NETWORKS FI ELD OF THE | NVENTI ON 5 The present

invention relates generally to systenms and met hods for
generating precise position. determnations for a
nmobil e apparatus. |In particylar, the present invention
apphyﬁé gﬁ?gre0|se time-of-arrival osi tion

det RAF Y ORI ORRRAHON GF MERTIRIF ERGAFONNEFWORKS
constrained by prior art requirenents such as

physi cal connections between transmtter beacons, such

aéghysgneed for atomc tine standards connected to 10

Hﬂ%ﬁ%?FHPF or the need for differentia
correction techni ques. BACKGROUND OF THE | NVENTI ON It

. I'EJeV\ﬁ&stt uMlﬂfoﬁtrQQQ geﬁbratllir1 Qo Adiends h@a& rpéhg& RF generatin 5 [?]remse position

a ion determnation_is epen
u‘*‘a%ﬁ““‘% Pl (e B ‘”a“‘s IR Pt O BHEN TP *EE RE s B ofarrival
]??Sliil(fl get%glftmp EVGF‘W’EHIC gfespmflmetmon s mpteenstrainadh byrgript agtrrequirements such as
rbEdren@dais bineaeehndite KSR, uGa tht 0RS fo@ﬁgnngm%ﬁgcomaed to

abac@n@ﬁ@fﬂﬁercdr ac }fee&/ﬂoﬁxfkgﬁtgﬁoﬂmgt%g Eel G al len gt h cables w |
suffice as the basis or a A5t arrival

positioning system However thls rudi ment ary
FOSKEROVIND GF SHERYENTIONhi ghl y i npractical to
manuf acture and install due to the requirenent for
| es .distribut i gh frequency
i I%Qﬁg&g%{'sé%g Sgeo e\llrg {gat Bre(f‘tse time g}' rg/va* %?? Uﬁ“‘é‘f“ﬁ‘f?& digdependant upon the
BEtro@ eHhyyBawisclocks e Amigtniog afdimentayy ’éml Girep frangrbigarbeacoh potioned at
R@ws loganioka glisconnedivd @he i@ 16EW Wa thiedNd& fidal ibn aatbﬁa§w1ll @ﬁﬁce R€the basis

ifcfr‘§tn§é &f@%vﬁ%osﬁm s§s¥cﬂn§we£’e; fls YIBEI}%C rﬁng(%{t]iorimg%ystgm 1s hi q‘tly impractical

nce recel ver
For&"g%f‘%lﬁe "’éﬁ opsta! gﬂ‘ﬁé‘b e Fpatingmegt {op praqisel dimed gaplestslistributing high frequency

fipisy ol qver popuBilt lagnidisgnessi [gatisbaa@ae iAUkehtifelyD Pledidi atomic time
Etinﬂe[ﬂ(fsm}ﬁ&l ine b@ﬁ@@ﬂ}ﬁt, rat&) 1 | e ﬁé&'ilgtﬁ%al:h% r%eé%d L&ﬁ&ﬁ-d using a

I recel ver. via Ink to ea
s Bl P Fineh STl o ahLrpecsi iy s mese. in epone
@:ﬁlﬂ‘?ﬂﬁ’ﬁéﬁ{‘als %U@Iﬁ"mstm ‘edndnjittep beaevms, Elodniongtidne e @l 0gk @8 reference
Buth @sanESaamak OYeadhitedon GF MB-GUR, reﬁ%‘sﬁﬁsﬁbxﬂo Q&P kﬁ@nﬁ’@ dModern

Jaﬂf;!{e %b#{a}gﬁé l@&mﬁémi&@nﬁ?b%pm ('; Sthl%:g %rtn}qgﬁ éeénrﬁfﬁ?m and rubldmm time
ds 21t el e OBY saislte, vith the GB8; Gepandefotrol Segment epntinually monitoring

idﬁwaNMEﬂgm@bm$hgd@kaeamm@n&mhamﬂaﬁhmﬁﬂ&ﬁ$%mm&m£Mﬁk¥mmamm
dArd B rébrda@iddt vid Qhbh %atell-ﬁqﬁﬁa%g&@r[ &S L QSes u%{ %%u npmerrll, 50 that p({smonmg

eb oad as ¥ each satellite" S naviga
Lf SEr™ ‘E"u %ﬁ@ﬂteqm%mtcﬁ‘h‘f“%sf?rt gt Slgck estory Stith tahh‘ﬁt four GPS
sgipliitesi im vietie @PSlinesenalgysifioe iewtonphshedsio GBI Nder q@ipment using a standard
taRliqb kidwa aS'aQ:GrkfelﬂBIﬁloJode-Mea %P@tpoéltﬁﬁ@&lut{ofp Uthis Gamiard techmque is also

L W.... a,.t S|onal position Is
acc@hrh ﬁéﬂﬂ infg iof S edﬂﬁ ft*tusi ng a standard 30
technlque knomn as a conventlonal code- based GPS

(Qooghtion ) CodecHaktt GBS posifibli sSluﬁJnmrpﬁnI Rafa que is al so
hg&%ﬁt@lull yodE GEEMS t@e 1%@9 Ilo% 189& %gel gf %%Qp b%ggg %w carth can be

e art nven

c%c&&‘eil Fl'talh gHPRﬁ‘%ﬁ“EjH“‘F%‘?f H@ |p@1twgrﬁgn%fgqnt 4t t5ps) fopr GPS satellites in view. A
GEDrecemrt habes adngrodmitaliasieskd GPBs cotrbl@ioh attihtérilLgendrdda@ichidétifdom code

seg\d!.leﬁcleJ Mﬂ@ec&ie? %@M{nﬁgblﬁl %od&!e&hgrtﬁ:fsgﬂr%m:e%}ﬁ G?@!agehtecﬂnn mpagurcd ranges
s B8 S o Rblonas 8 e 5 it S ol bveea s st o il me
the plock withip thaGPIE@iverdtie hegestaryrtedosies that thg ecaperylitiak kyaehsonized with the
salplig:ednsbdllatiolte cREN mebrdf itd Boohiel) MR othd }élafganﬁfl@i)&vdeen a satellite’s

pseudor andom code (PRN) sequences with received

pseudor andom code sequences from each GPS satellite.

The neasured ranges are referred to as pseudoranges

as there is a tinme difference, or offset, between the

cl ocks on the satellites and the clock within the GPS

receiver. It is necessary to ensure that the

receiver's clock is synchronized with the 40 satellite

constellation's clock in order to accurately neasure
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2 pseudorandom code sequence transm ssion and

reception of that pseudorandom code sequence by a GPS
receiver. A navigation nessage is also transnitted
fromeach satellite, which includes tinme informtion,
satellite orbital informatiom and satellite clock
correction terns. For three-dinensional positioning a
QRdordge tudesequede trinsBissich @l re@Rioe bl tht BseStbrgliah Sodk @eqﬁéalzevo@ a GPS

f @deivirh g nﬁ\@dﬁon %&5}:’9%0 Qlfansfagéd Fr& chc}( g&telh% whxgh 1%'111%5 tlmte lrg'ormatton,

2- positionin
Sag"'%‘“‘ °8é"ﬂ '“f"““w%"h F“gga@é{‘f %?‘1“. %@"‘@P fFus) Tor Qre@dlﬁl@tﬁma} pagitipnggg a GPS
s‘éﬂe\Y% reagjres foprrsatellite signkintovplee fof thepfow utknoms ¢dpogitiod Gy ¥, zpand time (1). For
t twordimgrdsipnal (A udMi&m | 2GRl is ﬁ@d&n%@&ﬁelﬁé’ﬁgm ab Iehtﬁl@d to solve for three

Sﬂ‘d«ﬂvﬁs% pdstﬁona& l )B Qnd t&r 3?{ A convent{op] ?code—&ge&ﬂ%& g;;lt}f)lbsolutlon is able to

east four satellites | e ca
cPé‘i"E‘F it Rse’eﬁw‘”aw&l&f {i%fowﬁﬁt@@cs igy rlﬁmﬁ'mcemlality e 3etynine an absolute three-
ploasntidng (3-Mippditiommithas exanrae Y apfroxBRRIy0%io DBh&@dy 10 to 20
meters. 10 This Conventional Code-based GPS position

ion. i nDus sol ution, which can
gﬂis Lttohv%lﬂlonals C&adn b % 81% R?él 1061 CﬁOPVm I%lﬂ’daufoflwus( :ig\l}t-r‘)n 1flhﬁlﬂtdetennme
@Psf"t"% r"é‘ﬁ%“V a"=|nd é’@? ﬁPé/é'? Wisrputcidiffesenfial oomestief dateefiae refego@i rv@ivas. It has

ltiterefoeedecomdiaserf04 BinfleMi oL WitiekSn @ arS1 NGl € poi nt "
p03| tion solution in the art. Conventional Code- based

l'g ferential GPS (relative positioning) 15 Wth an
Sapsifiord e bR pRla LTS reletiyeppsitionieR) t he GPS
Moth st edtablishdd opruibts atomik yimetppatyl @Sobnspams il iodlg capableRB providing 2 GPS

FeORE Wifhlan WsdhiRe e tﬁl@eigcjmlalltp@mtion El&:ﬁ'acg b%ﬁm:&@@l Iﬁ)_P In{e*eg gl'hls is due

r I OXI A net ers.
e dn B e BRRISE e it Pilic erml) e Sy ) Fopoper
HeéﬁyO@) ghepgs eg@uﬁ‘*bsetslhte Clegk eirom 5% BPfewedetverdeibeand, (@) 2pltipath. lonospheric
tierle? pflifpzlﬁﬁg tile dd@kﬁ)yr,len(egﬁy Mbﬁﬂ@l@tle&aﬁg Wifdh pas&ré}hrough bands 8f ionized
C T 10 T < € 1me dela e)(f}ll'lgﬂre ol Sce e1IC waves wihel
§aﬁ Rk kn %&h@:@ Z‘EE g%hdﬂa )éfh e JF’(%B enced P/ﬁl&tr{)rpzﬁgt $8)s when

O no
%aéﬁ“‘é %‘S‘% BPIFUH OBe BYer aimegphere rFaltjwerts eeor\m% diffoyprsy between the actual
prelisilevegion ind G ghitibamdistedby saeliiie 2@tk &0, RRSitet foise§ tieMoibePenerated by

hONRSG§) BISdirBnics Iif aQﬁ’@ %th\%f harpel iflthe §1§1altdggm}1dsmy g)gilh% 51 al reflections

ig ‘B%Lﬂr%‘i’lceqo Pg rec?)]vef ﬁ.ga%net ! C %%%g%h gqugses ﬁ)ﬁétﬁ"g)f F(grelatcd over

ré‘Ftr"éli’ Slwg dlS‘PF@eSdi of Frsrof kilsmettyet Vidsomeatshiet wvo tifiErent GPaeediveistwthin this

ﬂm):;:itygf tneandhet BB JBREE ftHeQElnepJn%Q' l@ﬁs%reb&‘c ﬁﬁstllﬁé Jo'uhﬁ-g[we éhebspatlally
noi se..i erate

c‘alrrﬁ t<=.|tdnt Oé'gtﬁl:ac% usuﬁeaqt&i;n\é ; lglé)wrb g:ftsésjgg%gse tIIO\I/l Fge WCT ﬁeﬁgflw aced at

Eppgm aélﬁthqom]a@r; gvs%lamgﬁdowge| feyeash pasellitp sighayin detects. It then measures

W@@*W@W@d@&nges fromCheGEPS sqpalidos il stibgracisGhe AsshaRd p{c&ﬁﬁhgéﬁﬁ-om B t8eeived

pwﬂ&dhgeg }forﬁlfng L Hﬁﬁé&mﬁ %%r corrdatith qg%zﬁ:ﬁl Ea?ell%%%le\@ 'ljhé/ retierence receiver then

over at| vel

il e éh"%f""i%"""i“’ahést ‘&%‘? caloriithe' (RS, rGeIoh e 2 W5 i inr B CRSprpeiver
- sphsqaminieadds thgse %Fwﬂqnhtoshe peudixangss ftynedsares(foe the Kudie Radllitasiil Liew to the

r€f6&ed ¢RivirfIRfofAMBARY GoStion ls(tlutio§ Eprji}?goﬁltngﬂ o bR ?E%e'réﬂcl:e%cgl%r and the
error sources usin

dngech e?arg po%pét@lggemoved %y ‘51%1%% r %rﬁ tl_ﬁ qnelﬁ%jl’epgr PSS, su such % multlpath and
r?o‘éfeé F“ésﬁ f%‘a‘i‘ Bde PV@“’“&“&'@@@“&WBHH& dagaiel positivn saaurhop Patition Acouracies in
thyordeuefesvemimassuTRbieyalle wilD d g d [affereRRACHPS@k@tibd # 8ow multipath
evirGiRhis 1 t detects. It then nmeasures the received
pseudoranges fromthe GPS satellites and subtracts the
assuned pseudoranges fromthe received 30
pseudoranges, formng a differential range correction
Chiventid @t Oarsigit kel DirRrehdihl EPSWeIatl DfositiGig] €NCE recei ver

then sends these corrections as digital data to the

GPS receiver via an RF data Iink. The GPS receiver
subsequent|ly adds these corrections to the

pseudoranges it neasures (for the sanme satellites in
viewto the reference receiver) before calculating a
position solution. Errors comobn to both reference
receiver and the GPS receiver are conpletely renoved

by this procedure. Uncorrel ated error sources such as
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(relative positioning) 3 Conventional carrier-based
differential GPS (CDGPS) cal cul ates the difference

bet ween the reference |ocation and the user |ocation
using the differences betweem the carrier phases of

the satellites neasured at the reference receiver and

t Feavaten ogoeked differfuti@DERSODEPH I @lAlt:s HRCEIf@Ee, between the reference
| B@aﬁt@l e Alr IR0 Lilngm%mrehcgsct@MeeQ%e carfié? lfhyel Q'Et%ssatellites measured at

{h fe aneous @t};rl er % ase_neasurenents

BT B P Dt R (1R D BEHE ST Ealed p wgnow lcaion
pW&B‘@eSdmuhanfoes tafvier photemepsergiints dor all isgellizas itRevd abdathdni ndedcasts carrier
Tht@se UBLT0 theQER rdé@Ver dih SORIC @dtaCltak, aﬁtﬁﬁseﬁbo@iuérta@@ ERMRe AT Brcous phase
”Eé&%@rl&eﬁnt ﬁl sfaégﬁlte?ln vw%agn% subst ERtly, Qmptes &

subseauent) conput es 5 eeque(l:'itlyf c];omPutes a é)hafs% glg r{;nce to. detennme the
t B “"“36@? Wi e VP F“-' e petveT Ry Bhepsetier phags epements
r ®¢ enging eyclegosi hagxd oh the BbfpbNirequEh® skifh prederd lon (Al &Bi@r frequencies from the

' n@mbtﬂﬁmtﬂﬁepoﬁ l&is ﬁnnr QWBQQUHP(M’E Lffe %M 218 Qﬁ&l@ gpog'ppl&s R advance in

R e O RN —
r‘llfﬁ‘ﬂl hepodycdcisrmingd bt intearavies tredemier Hoprirp sk vy the inteoalo! peroth, hence
pthe.t@md Heprated CafiG @hasd ICP)) phase during the present epoch)
is avail able fromthe receiver. Mire specifically, the
vance in carrier phase during an epoch is
BFFRET By 8 ﬁéﬁ“?%bvhtsrl pluscag prjrary nwﬁrqu Fpolgyfyplesef the carrier,
Oviepnnptifecilyieemingthe ofact nagbeeqfobile cyberiChe pstilderaraa MBis number, known as
|tﬁkt“@§§ea$yagan@%ﬁﬂ” Ghustd @e‘éeﬁmﬁeld g?ather . ‘Hadtlondi ﬁ&@ﬁlé@%{r re‘s\'d”Nﬂlg carrier

g[;?%%ﬁa er am 1}1%53‘%%1 to {tlﬁeg bi ogc? %}SS@? searcligetlbt%{r t ! aa%/thods and gcometrlcal

- hiefoedst T'Vsecfeélewm pghotihido Botishd intemrepus Giteepiholcle apyiglim gesplntion. A

ttdakniqde Gubeld LATVGE:-lanidt, hasbBedkmRYelopdd ROWBrcchse the \Rn-inktHeBEBY integer cycle
%%ﬁﬁlktﬁt{ protien n?WlJe—Yanm%%ﬁ;;he%) d g]?ers?w ITc:]a.l:lr']ieer ebu¥ncxes Erajltlorr‘nrzﬁlg r]ae GPS L1 and

strat resol
% hiEyRreatfiTga Pt Pl i ep RS M A e gty onger han
ﬂeata‘@hnglte pthigdwq indivitialesirierg Coméghals resotiich of € MBskdrd @mbe accomplished
ﬁ?hﬁi@g§udoﬂh€%€seﬁdtﬁg|t$ hRRathe tHEEiBttthda%l féﬂ NPhhe Wm%l Ghnes” %rmed by the

%antaneo I Nt eger c cle nb ui ty resol ution.

tec Huencelr srgna ese n gw éedvcg eoﬁlatggeﬁél@hmﬁéhféfa&'g@do resolve
the non-i nst ant aneous i nteger cycle 20

arrbl guity problem Wde-laning nultiplies and filters

- AR LE OURNGLES: &L FAG A4 RAR o TG e e il ik ane

frequenC|es
presadlyheclerlief dipe weitrmingsion ?‘Hh? gsersrrzfgwtrf ﬂeaint? Ibyldtv@ﬁg?é ithe tRFadata link
tdnewainediféleatiaitata 8pdak ratek) @aubiiigdiate REhey brid depkadia@pdsiti@ sBeuracy. Poor reception

m%%?ﬂﬁal Mused @%ﬂ!f&r&l‘ (Bgru&fon Lnla%uitlgel:ﬂ? %ﬁ!egc‘ v, &g%%on which degrades

i N tﬂ) ;| % Lsh? ﬁt%eu or an servat |
B e Hhe f 3 f igifigre 31 ol Bl The second
fheli‘qq'eldg PACTRGRE is Be iiitck 'ﬁfrtetq \determipatdi. gn ednventidng Siagle ipvinttpasitivop solution
Slvetod tie 0@ Ghhl@Bwrls REpoiBInURE), Qfand tg,tqu afrsork hak . %&gs lQl@wn as “double

e Qlyve, .25
&ng?%&goﬂlg%hregﬂn nz? recel g? S&?{g%@ theéfegebcft%rr§f %{ey m{dﬁ user recejver.
Tl'ﬁ{e@ﬁjr thg yper a55eiver gpéﬁwm@) fiecyrgyepopiionciith gesiieft ik the pgferdnce receiver position,

- Becomd kgtermibd) 6md. bk iOfniddone o eﬁeaﬁmad’lﬁﬁnﬂalﬂ Mind@bnkf, NRertb®& lin position.

ﬁ(ﬁﬁ?e\' \{)ﬁ:&se ﬂmw?eaﬁrﬁn Q&E&?f%&g{eg tquba}e t}s e:ge?i&a t(L ln% user applications

col strains dif entia ates,

BRVRE CHPRAT AT S reaEm ey ?St% ﬁhedt‘:t‘f ¥ a'ei/ Geteppyggiion is 2 mjor
Ireblemygsspcisped 8ith GIGPSipfidrent omitmsal dat a caused by physi cal
obstruction andnul ti path causes data corruption, which
degrades position accuracy at best, and results in

total link failure and no position update at worst.

The second shortcom ng of CDGPS is the lack of tine
determ nation. A conventional single point position
solution solves for the four unknowns of position (x,

'y, z) and time (t). CDGPS uses a process known as

"double differences", which elimnates the receiver
cl ock terms for. both the reference recelver and t he
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However, precise know edge of an accurate system

ti mnebase is very beneficial to many user applications
i nvol vi ng conput er networks and tel econmuni cati on
systens. The lack of tinme determ nation is a major
probl em associated with CDGPSt prior art systens. 4
Pseudol i t e Augnent ati on Anot her approach used to aid
GPSudotite Abgnemeagiet er m nation i s the use of ground-based

a ldﬁiﬁﬁ%ﬁ%dci@&lecﬁy §1El @%pomﬁ&ﬁmeﬂ&aﬂaﬁ' fud Ql!;e otégrﬁund Eégil'!aquehtgtﬁr? systems

su@has Seucgﬁt p |bnt o Convent | onal
g €S, ;rters é?ne ﬁfﬁc%[fomteésgg %)9V§Ift1§1|1ﬁ15 C%‘e lalriioqi{rler%vd Differential
aaaei iYF‘%iIﬁa’f“h‘i'“hPfWa@é%‘m infipstrugne perivirenven Ty G byusglgan abiional ranging
usigels, agl aRekd RF dad1aks 6 angimgniil Sirgibad & usel&ﬂﬂpr@htsﬂteﬁ\&w%': pseudolites
d@dt'l ge Jyﬁc%lﬁzeﬁ Q) tfbedpé tlglklja{ e& %[9§ re(%aler%g%nrn%gstdfg%?nﬁkgm a conventlonal code-

pnent . ternative
@’ﬁ"é HFo rﬁ’%ﬂ ugipg 3t H@“@s i ﬁ"éﬂyé‘é @nd pessapilie degmingglime to a co-located
destudelitsl traesmit@P Shet dcpmency pfolm GPSODRMENE cdRAneCIHOERS doarssedces including

Eosheic hﬂdltl@;%sﬂﬂ&lc @QayaJﬂtelll iR &5k o lé:[tellﬁziﬁsrﬁcﬂteﬁ&r s ncﬁs@ qnd multlpath

RS SRt R ORI e M e a® e PR g BF FLS rchcnton,
ST hif ‘i‘?éﬂﬂf"é_\}f’ REFitiZn @geprgsics nbyin the ardgr nEtbng df mggers. This accuracy is much too
| ®ngSp hedise Gavantidn bysapospheri ¢ del ay, satellite clock

error, satellite position error, receiver noise, and

W%ﬁ Sath 10 Tine accuraci es of approxi mately 50 to
P aret RgRa! ChSasingt “QratVuke) Prudolity t he GPS
t{-Pr@ient unbert 15833 13 toevmtizled “tShtes abd Ml & Ssnetating PRSisctCodrbased and

ATafridl &ﬁée%sﬁlﬂll)éteh'{inah(n@ RELRE aqgﬁe&ﬁﬁﬁcoggctigpﬁlaﬁcﬁ thIJéUySa so called
2 00 eci.se navi_gat
a‘%l%rH Carker %ud(r)‘[lléc servgs as a ke aﬁneﬁ Fegﬁx{;% ﬁf TIALicR tp glpﬂsgg Hecewer for making

S rrier-pase
dé?ﬁ?“aﬁ\?ﬁ\gﬁé?‘m%’é (feplympr f.dinet 43 4@ Thexgnémerkeipseisiglite can be described as a
51}85.&3{1‘5]].{31!’1‘5]‘0“’%0]?8 Iatelh{e&@nalfs%ési-eﬁmeaﬂﬂ-pﬂ@é i%hdthé ﬁfown omni-marker

g%ﬂﬂif@usﬁgn tE {hgﬁdsﬁgn &Q% 'Ikﬁ Stﬁgoug%)gxg cag%lr- :g | ?e ¥ &N ? comPonents of each of

Itlon termnalons escr
F*‘é‘%?t'?%‘ﬁf RS B2t @pagnsphezenigtith gespert éﬁﬂlw iBefting FYFR RSO in the GPS
ps@ud@lqmné, 1per23 653208 pesitiohaeivedsinkied in edvaryflyihg aircraft receives positioning

Isigha® R title @PS taf1fes BASHsS feQfled ‘GREEIY %PSfPQJm éxﬁﬁgls from thz cémm -marker

differen n ection 1 ne
'?am%g “”mmgtgﬁﬁgﬁégéﬁﬁéﬁ%ﬁpg? “Eﬁﬁ be desgrlged as

a netaphorlcal mrror, whereby GPS satellite signals
&olen’s difsfrdnet @b elidlintdd &S feed o RadiftBal Kﬁﬁa\[\ﬁhtaqm las r%[réﬁ%f{ coan-ntmnal
Qéi@ %QL&&%&P&H&&% s§s@m§ Elg ors’autoI olnmali'kee:g gos&/lont recelwf-r must sHl receive

%thGou -g0|ng carrier an nen
pib GRSl PrEAKE Flengls gqfamﬂeu aisepil TRRge plRgEment Recelving omni.
oele rsgnds alint vilk @8 piet a b@itiboh@mputdtioiC Akb,Ndie GiHaREr ARG Bnerate and
trkhsthiDBdildRE casibO@ bRy G&Ql}ﬂéﬂpfopeacﬂ Gﬁ%te!gé 1& gewg’ %)akmgAthe mnl -marker

E) lexann receiver situated in an over-t |ng alrcra

& VESBEP T h™ L Pl bl Gapnusrs g « s

' a‘ﬁ'ﬂ'malikgoﬁrﬂé@eﬁwemm-ﬁraéﬂ positienciteceBRSreguires tigublai they regdivg nehingels of a

Edn@ifiohnd) @iffErETh]-GFB Feliler, addinErd 60 bdstlafs coﬁﬂgu@ ubsequent |y
conmput es differential range neasurenents. 25 Cohen's

differential nmethod elimnates the need for a

Pittersntiaf Rinag Mepsuypreafs uglag "Grovung Rranyejver tRyeridolites by

U riaen Nuolred, 121,823deStaymbllatCiled INetwork 3@ 6lingl Tibnksediveist degttibes a differential
ﬁ%thoa'p%ﬁe‘ﬂ)ez[ netwidlk O%mﬁll'e&‘r%l:omrtmgﬁﬁlert‘ jcmqn%' & FAn¥eEiler pseudolites

must eive ot sate ) o
SRR E‘*@Pﬂse . ?f’ﬁ??a‘f‘@ml%“d‘b PrpAtien repeiysr figr dheediiferegtial Acigpipation of user
preiHen Fdymarfi lineFH e BA)| Sheynidatteaches tha ndeef differgialcareation wevartob master
Ak bigsl (CMS, I3kd BNand BFBIdRhkRfbed b@lt&%rouﬁcnﬁnscewer hardware (Column
omni - mar ker nust generate and 30 transmt i ndividua
carrier and PRN conponents for each GPS satellite in

view, nmaking the omi-marker conplex and expensive.
Currently, this would require up to twelve individua
transm ssions froma single omi-marker. Further, an
omi - mar ker position'receiver requires double the

recei ve channels of .a conventional differential GPS
receiver, adding to the cost and conplexity.
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35 Differential Range Measurenents using "G ound
Transcei ver" Pseudolites U S. Patent Nunber 6,121, 928
to Sheynblat, titled "Network of G ound Transceivers"
describes a differential correction nmethod whereby a
network of so called "ground $ransmtter” and "ground
transcei ver" pseudolites serve as channels for

1 &l tmssi 3 de ¢7reind Cotarti G linds 4 t@2).0Bkyinblaw differeib\@thododgiest dhd embodiments

d Inﬂlﬁcﬁ'r (84 Béeﬁ{ecegﬁtd%rgﬂcmﬁgrblﬁﬁl tridfceids %ﬁnals Q&:%A érbrﬁ@n&&@&epgﬂﬁal {Column

eacnes use of
d5 fll ees:‘}gﬁ)ﬁ% 3 (gﬁ(l)l?lrgé él{) au {ecewgrvdéf%e&eg% "WE‘E‘P glfastcjr érmi.?fi 8’gﬁmxtter signals

bVithsa %r@@ﬁ Gappreiser (tpqllﬁr@§ Qrgs #0to 36 ) Columgl 7] Finee! toi33)s end (iii) a user receiver
1 diffra@ciupcpanduandedier Ginas) WhlicH rﬁoarﬁi&ﬁlehghﬁlﬁ thﬁtaﬁ\g V&h iffératdd Witka satellite

mélal (bbl&hﬁ'ﬁ? ?ﬁﬁests‘q t(g5 Z’I Qﬂﬂmrpgl llﬂﬁgnl % 34 Sne Ia It}a%ntztgaghes an_advance of
§§§¥ (ﬁl differenti al hi’s
‘i‘,?aaém‘? Joeks BE s Trbeeh ey SamGea e o Rt would roduce

-t fingle peirtipesition solutipnaih g roving Hesition granenitbnt aramvek bt ghopiid toisgphvark.

(Colum 5, lines 31 to 36, and claim?2), (ii) a user
r nci n naslt er round
}gfaxeilrt\rérﬁ[emglwﬁl n& Eow tunegf-anil\ia%lt1:.0£J thP grhterliram;%tl?réﬁlg)g% re\dlgrlmg (ltdﬁ]ft a?ﬁ?f (a)a

a’hYﬁEP‘nfé@'%s“ Pesvesy tfanewrea RPREoPS: b mestonic ting 8BYfard airrekh(apsjter; (c)
asynsbrerizatiop 0ed GRS tinebaeld; bif @) SRCIoMPof YIHRIRE] dofr @i CA kydeHh that can provide
SRRl Precidéine B RGOSR es i

Iy%ret:l 1- lq{oat eﬂ% ﬁ%nglk %ﬁdu’?’ n%%?%&)an\ﬁgra@tg q{]h %]h g desirable.

g‘i‘f {,rgsg,g glge%g%lvymes g"s irmhleoq By groagiopi icallyysyshipizing o &sipym pligpsceivers
t(aezereesfomd tead o BasiieningfUnit Biévicss peduteiiat bemt hodol ogi es but

does not teach, show, or suggest a highly desirable
system that woul d produce single point position

solutions in a roving position receiver froma network
SR TS E e vers. 10 Prior art systems will not
allow tine-of-arrival position determ nati on w t hout

rlﬁgéﬁl Uleecrt] Or tﬁetprés&?lﬁw;entgg f pg}fvrde &% u?ung Eﬁ%rﬁ Iagﬁ'reth%é) f&ﬂ%&%ﬂg Ocise code

J Lrans m tter beacons
ﬁ"&%{’r Pt Peslion FEPTgary r”élr)“t t‘i&)ﬂﬂeds%cphrstsﬂu ‘Etaff"?“&eﬁ“"flb between
im@PQMHWmﬁbage or (d) sone formof differentia
correction. A systenrthat can provide extrenely

’ﬂﬂ?&e't ? E‘(tf‘fr glgecp cg‘ rtll'ga[pg'elgle\{ltﬁ' vetpt%f? Igot IIH?O lagosalg Fg? sg%crnband tm?rﬁcél for making
sree% E74¢ and FrpeR PHAsS ﬁosa'etrﬁeemnqnhw@ouéms needpflalomiy Gme stdpgards.
chronol ogi cal Iy synchroni zing a system of transceivers

% Wyl Unj
2 DERRRL Upk I 3k Bk oD o Bl el g gy e
BEFLP £od° §“"a‘ﬁ"‘8‘rﬂ B8 P°Si5‘f'“ ?eﬁe‘“ﬁrcee Wittous thR Aspk i Glets! Npvisetion Sarellit
Sysigmgintbhsoni ng system and net hod for maki ng precise
code and carrier phase position determ nations
ﬁﬂs g for physical interconnections

}(/f\:eanother 0 ect 01[e P]I'eSﬁEé 1gn tbgvylg %poslfl?nu‘gssys&;@t a.n%‘method for making
PrEfise Seste was’o‘]ae'elt phese ppsitien gatesmipatipns jwitheh the omquitewenp pidiffakstiah correction
pasigick.oni ng system and net hod for making 25 precise
code and carrier phase position determ nations w thout
the need of atomc tine standards. It is yet a further
Bisp a8 furtesr objsrteo! e Rresenh nvapniipp dnyphioppipeicgly Pneygnire Positioning-Unit Devices to a
poan timebase, g systyrs tieebnsa g nao@datile Beidg@F abkthkd ad@racypr €Ci se code
and carrier phase position determ nations w thout the
f['rlsg fm[heo t{)ta Navi atlon Satellite System

g Ater St PG eesepl A7R3 AHREPPagSHS; g eferenst mm‘fee fryoughegspzraphically
¢%@@Wﬂ%eﬁmme09¢%vwde a positioning systemand method
for making precise code and carrier phase position
determ nations wthout the requirenent of differentia
correction techniques. 35 It is yet a further object
of the present invention to chronologically
synchroni ze Positioning-Unit Devices to a system

“tinmebase, the systemtinebase not necessarily being of

absol ute accuracy.
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It is yet a further object of the present invention to
propagate a reference tinebase through geographically
di stributed Positioning-Unit Devices. 40 6 It is yet a
further object of the present invention to provide a
roving position receiver wthgchronol ogically-
synchronous code phase pseudoranges, such that

s itiglee: fpdikrvbjedt oftie: ppkasieveftds tolpr®ide 516411&,1_21[;0&[1}8 reGaver Wit chronologically-
d %@ﬁdﬂ&u@ die\’}ﬂhgsp %k&ldol;an&s aslug ﬁ{gt sg'llg cﬁr[t ec@&e Iﬁl Cp%EI{m%C}oiu%Hs can be

t her_ obj ec t he present i nvent
t geteﬁ?'%% w\éléo"téhera'(g\?ﬁ’f&rcﬁt&éﬁ"fCB‘ﬁ‘ recei ver wth

chronol ogi cal | y- synchronous carrier phase
p B &ydQrtahgebject &‘lﬂﬁfﬁtreﬁehﬁﬁveﬂlaﬁ? %) pl'oﬂlti&-g@vfmg(b}fs‘&loﬁ redial \giﬁ'lI cﬁﬂox%ﬁ)glcally-

ﬁchFoﬁ&xQéa}{gﬂ)haséﬂps e% 58(91 Ct]haE onfehu%eﬁfr C¥CE? aBlL}Fudnes %e reso vedo a single-point

solution ca nine

dfAEERhERARasign selygion @&?ﬁ dgigrmineq withgut {hegid of differentiplsprregiispect of

the present invention to provide a roving position

r E%@bt\éeﬁrtht\ﬂﬂogjat Q‘ TR GleSft AR {oliarovr;lt@a bt dﬂgepo}xtgoﬁ RRGRE wit precise network
for 8mmm) RY OF THE | NVENTI 15 The present

|nvém? 6% 'S directed at a posi tioning system and

method for allow ng a position receiver to determ ne

posi tion solutions frompositioning signals froma

[&Uﬁﬁ&ﬂ@d@fﬁaﬁﬁﬁ PRGEOUS positioning networks, each of

which I's synchronized to a different ti mebase. Each of

the plurality of autononous networks conprises one or

e ermmsilimslitigrms digpctadhatta pdmwinmg systed r@lhmeth§d for Sip@ i alpbatal receiver to

tdé@['ﬂ'ﬁﬁ Sbs MBI soﬁf?(ﬁ@@(lnﬁpo@i{mnﬁn@ Gi a)é |ﬁ919 a ?hﬂlghqr/ lél?lgtrg{o&%&tploﬂgmng networks,

terg%lﬁogf'ﬁ]vrﬂi% 1sps91§: mza@ ? gﬁtj ?rg élglFWr acl‘él ﬂfo?‘ﬁ glprall% Gf autonomous networks
[FOBRTGS P 9 gwfe n@#ﬂmﬂwme devige, which is a Fnsriahtzelderalpmvgos@sle off receiving and
dhta'ﬁrbttny réfetehceS P& Ribrgt H88I5 , fronN® rdd@sbel hAGHIREG S YShitRAN Bitkr, another

%ﬁﬁg§¢gngmgﬁesent invention will be sunmarized by
escr I'ng I nter-networking of two aut ononous

positioning networks. A person skilled in the art of
i Fiat ther purpest s elicityrigd quesnicthése Ihe P@itineiz\WR ek Sndrhekhlod rehepRrbeft ifvention will

& Qﬁﬂﬁrlz@d%ytdgs@nbgl@ itk heg;olrlﬁ'@ om aﬂc‘ﬁ%&ﬁs ]EolgiF g‘é F&\Voﬁlzse;?bésg[gskllled in

t resent I nven ra
R 3 ol vl B PR oA o s e o g g sl i
Trsnend methodtoﬁ the esesentpinentidh $ch olemlily phpotitivming nerwerksywitibut tile@ieed of
liget@int THeRfoteSthd ¥Rdmple A @RERRINE AmBRY ofMe idvinibilis dobfRtenSEO BEor limit the

g&)agﬁeha%%gtlon At | east one positioning-unit device
Phin“a tirst autononmous positioning network receives

positioning 30 signals fromat |east one
PO &hst br@Hoskipaibgiunit dehaoéi vaBinfar N aBtorDMES PekitRilhARBIVkk receives positioning

@ih'rta@ ﬁ'@tﬂg%ﬁst Qfg%&shbﬁ@ uHQdeOﬁé M ec@rﬂl‘% §1HJn§1§ou£ ﬁo@ntlongg n%twork and

t | nebase rence. between the se net wor
Prege eP'WB?SR digprEpes B%%f@ﬁﬁf@rfmﬂ ﬂeeva’rkcﬂm fhe diest getppriy@psabsequently
edleglas ¢ tingbase chodsrporctive. Hte o Bass bne ositiopiagsunit | devide rvgthin et first network

ehedspotales e tﬁnhabz@e Jldﬂﬁc;o?rléogléﬁi inth 8 pOBoking dléﬂgg%ﬂgﬁsg%gﬁl bh& posmonmg -unit
| | 1 U1 |
?évﬁgqptﬁig th% Jir; F netwog( rﬁiﬁ 9 regl ax l%\? %)HFOHBE Eﬁﬁa]f mc %.E%tg tlme ase clock

transm ssi on.
P At ppgitiqn; rpogiver figtatggh F“F@f fhe beunday ofrivie plethd plyralith ef networks receives
proisibritig Oigalt Gre@bating the linktbRE Bk adnedlighs 08 alyl pEBIVAR L 86 within the

fhrot & Qbek ﬁﬁtafscg'gcelvé% p%ﬁi%lhﬁé %lesr ﬁ%ﬁi%he A £1?r§ hJsMQng%P%%es H:rong the second

bound two 0 rece

FEer ?‘BHPSH‘@“ Brel FraPRYes thcistepres ek ‘iﬁ‘@“"f"f’ﬂé" 15 ppaitioping sighals é%ewed from
1o P 1eare ogirming-pririedgesy/fiquodd setondviervgrkUTHE bosiien/ie@ierVihieh Brldnlates its own
posiflon dsing $dsitie@leV\Gpn s ﬂ&dﬂl@lfﬁs@’ ndRFELMEAR QR hdnPdid. Nfince, although the
signals fromone or nore positioning-unit devices from
the second network. The position receiver applies the

ti mebase clock correction to the positioning signals
received from one or nore positioning-unit devices
fromthe second network. The position receiver then
calculates its own
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40 position using positioning signals fromthe first
network and the second network. Hence, although the 7
positioning signals fromthe positioning-unit devices
fromthe different networks are synchronized to

di fferent tinebases, the posi$ion receiver is able to

use these signals for position solutions. In a

p peftietinzestinanhag itH&’ﬂfdiltloﬁiflg Hinit Q1eviddy @6t it mlffetehtene%ﬂcis tade Qnchronized to

I' @ﬁf@rEnYﬁﬁebggttﬁer pglltﬂ)g %Bcél\;e§lf AN u@ elsetsg?arl]s’ for gsmor so‘iquo and 5

time (PVT) using a single porn n anot her
preferred enbodi nent of the invention, the position

r &cagirefaaed dmbedimencd do saystion, e prgtier réckinge basBinds!i Bwn @EionOfelocity and
t e @ut)QaRRBHG: RASLIti@N Ng networks and then applies

clock corrections to the tinebase of subsequent

posi tioni ng networks before cal culating a position
s By aptherelemsdembpdiyeat of ghedtvenien, e ropitionresefvas fitsiortiposns A singlsftimebase from
t bre of timeaitoin@i postiii@ngeis brkd 26dthed Gpplidd icfockdBive GolSto bl fithdDAE of subsequent

I%h&ﬁﬂlgnéaﬁatmf&ecamgfa%Agot-,&o%"s W@ i nformation in their

positioning signals n anot her preferred enbodi nent
of the invention, each positioning-unit device
t Iaptenrterprifered ebodiment wWkekinverlibn, ihel geatibringamit Havives further include network
| BdnOfcAMh inoAnaliéh i@dhdir oliltRihe ARAL 1 ONi ng-uni t devi ces and
position receivers in view. In yet another preferred
enbodi ment of the invention, each positioning-unit
B groterPrerarpbsmbpdiat piifke ipestigh ach positiprinzainié dryise BARGRR itelewmanework
f idantifeatiohinfodsiidnitodtiother-positiohingcl @i Hefiles brfd pysitRitebdiveidintviR@.
netmork identification i nformation. 20 In another
qr ﬂm1 gng WL E the_ inventjon, the position

et ot PrfEed e %@&n&f’ e Byertige 13l Pos g o Gt g5pges the orign of
dsfframf dnck data & eqglopdsitioningiuritie vigiit viedhdtein tte nétwmork id@wifidation infdnteeion.
network identification information. In yet another

{h %Ioﬂ:‘xgr ﬁegrrgi em%oc{uneap of .the mv‘édg? P‘ﬂ'\r!%{élénl R%%iv%rhd%tgpnines the origin of reference

posI t evice
8k ‘ia‘ia &h?aﬂgmwwg-mpvece inyisyifie Sipperpricifeyiifichtion ifognation.
associated with each of the positioning networks from

tlp ?et a&ﬁxeﬁﬁtm '%mb%%é ctfI tﬁ:ea{lﬂ/egt%nl ch,ho]gors]i?t; m%rllmt her\]flc? B&enﬁiﬁé’s which

erred epbod| nent
P%%“éi“\'ﬁe"f‘“ aeét"% PAitiARe S\f%ﬂ*l‘%:*l‘i"' ?5%9%‘?‘?"1 vaﬁleﬁ@ O&H’Ptpwta@w l@@vorks from the
pergirk identificaftyn @ifogratibs ar e associ ated with each of the
positioni ng networks fromthe network identification
enbodlne
nvent

ﬁi}@F tPPSé}ﬁm\lge&lg]ala e asgsiated entith repph rpé theh pasitioning  networks from the network
plesifitaignifsigationi t devi ce positioning signals require

clock corrections as a result of having determn ned

whi ch positioni ng-unjt device positioning signals are

Jps et ol erORiTeRt @ ghhinsptiop e Rosjiqning B deyices ved e pesision peesier can
Hiteemipeewhigh pheitioniagdnit fdevixa postipningrifemalsirfiircOdflock 3oredtions aie kdamchs having

deshihddRadn ﬁ&ﬁ‘[\ﬁﬁn@lﬁﬂﬁ ';:lgzlicg pg) ﬁ%ﬁg s%gdlsnﬂe Yok PRM & @1? of the positioning
etwq(ng_lQOﬁene ﬂﬁy en%fnct r0§| ze to at | east one erence
ﬁransnﬁ? IR fenifispior REFPAEP. ne referred to as
"Ti me-Lock"”. 40 8 BRI EF DESCRI PTI ON OF THE DRAW NGS
Flle@leyhﬂds d&criBedbe\ Wh&_élﬁ Pd‘siﬁﬂﬁr@-ﬁﬁﬂb@tcgﬁ:ﬂmﬂﬁogiaﬁl@ sﬁl@ﬁi’&ﬂye BB east one
Qf”ereﬁ-ée %Ednf?eg &ill%grgiga[fglj b@ %fe‘i'rgd tg QseTiBg-EdcéE’nt I nvention,

t th
| IIﬂqithﬁerJ?ref'errela ewg’o%unell;]t 0¥ 8 Hl{\:}%gonuﬁ? EDSIHWF%I@% gtﬁ'&lmf:sh 1ch positioning-unit
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~incorporating-a Posl

i ncorporating a single reference transmtter

broadcasting to a plurality of Positioning-Unit

Devices, and a 5 roving position receiver deternining

an aut ononous single point position solution. FIG 2

I's a graphical representationsof another enbodi nent of

Ti me- Lock according to the present invention,

i BROFE PEPERITTAGN QF THRPRAWNGSer ence transmitter

broadcasting to a single Positioning-Unit Device. 10

T, 1% R DARILERL o S0 RSB 00 8 OB 0E e s i,
i AR s, sinele sfgmpoFaTTisybrepdesstinglo@ plustlipyrof Resisioning-Unit Devices, and
t reainspbitidneqeciver Gaooestah Agpnéndussingle pdird bdskiyn s0fition.
Positioning-Unit Devices. FIG 4 is a graphica
r§ﬁg§§§ngﬁg&gpegnmanqlq${ ﬁ@bodinent of Ti me-Lock o
accordi ng o tRe PIreg et e Rowmenshlime- sk tresdpede hipjesgt invention,
r BFAEeENgE sipglerplerrice ransmitisr inerdresiisg th mgnetetPostisuihe- ik Device.
internediary Positioning-Unit Device. 15 FIG 5 is a
gﬁI@m& g Q‘Lphi[:a@ Q[)r@%l‘ﬁgit)mflﬂ(%ﬂ r%&bo%gn%rtnt I'(;Ffm’lg[ft;%g q:'cor;'rtﬁrpgtto fgg present invention
Tj me- Lock .according to t he presen |nven?Lon, e ’
i REBPPEE A tHEFgeraenst Trpspiter Roadepstipedp aplerliveos PesipningUnit Bpvices.
broadcasting to a single Positioning-Unit Device. FIG
BFIG St iPa @dpRRiMeSrabntdiSHVr S HEHeAbokiRent %Tl’[ﬁé-‘ﬂu]hﬁ:&nﬁrléb&gé ]Q%%H invention,

o) ine-Lock accor.di to.the present I nvention, . (
ol SRR 50 s et maiBiot Rt enpe L RARS
reference transmtter broadcasting to four

F0G.i Stid agfipicyt Ileiﬁéséntaﬁﬁil\ﬂf Sidfher .eﬁm'bQimB@ = 'I_tidlepl_f&MCULe!'i}igtto tﬁ?pyéséﬁﬁﬁention,
Sihméﬁ'ﬁﬂg@ﬁh!xryﬁtyt dJr @ﬁﬁzmettmntsﬂiﬁérl br, %Wgsti:lxj % gé‘lmegle Positioning-tnit Device,
chronol ogi cal'ly synchronlzed)p05|%|on|ng S|gH%YsI%o a
roving position receiver situated in a

FEE- 614 3 graphigbrefresehention o myther extitngiment of XameFloGk acobrding todthe present invention,

gﬁc&pmtﬁg la WROKEeSs bR R s%enﬁ EWLK]ES rretgrgmé) %ﬂ%?l%r chfadcasting to four
HoBnkogk, aceord ng,to thﬁjpr sent |1 nvention, = .

. cfs‘tlgl}lﬂg él_t eivtcestﬁ,\l;?egtgntlyefl'@ﬁrgh Ctlglr OWR  unique
thrapglogipally #rchippigwldpesitionipaignalsdo ¢ tevimposition eqceiver situated in a satellite-occluded
Rogrbrnietni Ng- Unit  Devi ces. The Posi ti oni ng- Uni t
Devi ces subsequently transmt their own uni que
%hronolo ically Ségchronized_ positioning signals to a

5o 1§ BT TrETeniakap af apether embodimmnimf TignerLgckepoqgidinp bithegesent invention,
lreqposatiend Busitigning Ghit Sevdde hdreneniaadittebibad@fting ko fBred @K Positioning-Unit
PeGdes, the"ilgsittoginé-bﬁt b %&qﬂeﬁ? st Peir ow %‘&S &qugfaéi&gynsgxgronized

qghgﬁpqp%ﬁtnetworkﬁ,of Posi t1 oni ng-Unit VI Cces,;

POVING “BOSi 't B ePEEEr T8F'si t uat ed at the boundary of

the two networks. The boundary Positioning-Unit

BV e & @ SraielI sepepbandon ¥ ahdtiRN&Fbdirtent o2 tl“ﬁfe—'l.o&_%&c\‘}ﬁﬁlg%) Sthe 'gll'esent invention,

e RN e
Adhechuarany ofghectp artvvngkstThe bayedagy Pesitiopine-PrinRemicds obsequpilygransmits inter-
BER\GiioAs Pos rdvingpuisingrddeivek. Device is a specialized
transceiver, which is positioned at a known | ocation

an irgﬁek%es %t | east one reference positioning
SPgnat >4 SRt of Peeaigtned s Dedee Byrditseeerctording daheresgot invention.
Preferably, the reference 5 transmtter is another
Positioning-Unit Device, or a WAAS satellite. In
response to the received reference positioning
signals, the Positioning-Unit Device chronologically
synchroni zes an internally generated. positioning
signal to the reference transmtter tinebase and
transmts its unique positioning signal to all other
position receivers in view. The m ni mum requirenent
for the formati on of an autononous | ocation network
is at |l east two Positioning-Unit Devices
chronol ogi cally synchroni zed to one reference
transmitter. A roving 10 position receiver in view of
the all the transmitted signals within this autononous
network i s capabl e of - '
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det erm ni ng aut ononous code and carrier single point
position solutions without the need for differentia
correction. Furthernore, the reference transmtter
oscill ator does not need the inherent stability of
atomc tinme standards as required by prior art

systens, thereby allow ng an inexpensive crystal

oS¥ERYIEWor to be used <as a reference tinebase for the
entire Iocation netmprk 15 Thus, as detail ed bel ow, a
Pg%iao_%l]t}?g @r&o evxc IS atl:gs%%llchzted lﬁaa%elgeﬁ :W\Bllﬁlblf Bcﬁfi-]i&ngq?%tg Ig\?fg {oga%clm and receives
s §riee roaniesEtge B?§§1Pft‘48cﬂ$fl% o idigerat] ape tefreacertansinitig- Rrefgratiyi, G reference
I egeniiee is.anolllai BosiadningWsit DERe, foY WAGS sRG. i x@sﬁionrsee@ Q-le \{&Elveﬁ @:ference
Cﬁlsﬁbﬂm@t s%na@sonl'lg &Q%mg Bgit %@\!mre c%lronopol%ﬁsg s?]rncm'%n?es Qno mtemally generated

rm nati ons,
ﬁ‘i?‘&?“&%’é F‘g%ld?] SR R ot W@ﬁl‘%ﬁ“%ﬂ"t“‘%&l?‘@é@o all other
V\PQS‘H@U@"C‘Y@QEI vigw. e mmitionm eqtijenet St dakiamntts obddn autddméNBEtion network
tis Biﬂhamosnﬁ:ﬁidg Whif (G clfrﬁﬂl'a%léall)n%nc%ltlie@ fo%ﬁg tb@bnce txansmltter A roving

C shows on

C%E}(ﬁlc%cggép ‘inovﬁewf (;(E’ 51 a‘lA tralfsml ed signa wm?ﬂs taﬁ%[lf)mcélé Heé\iméli gé:apable of
p‘i‘ﬂgﬁ’?’@@ Wepempys 5Pie 4t T Shakipeinisporkon ARjutiorsoydibou el need for differential
crrecii@r Fugkes@tk, S RfiredceiRhsmiltte @G Rakok dds £ h&bl ka3 ih@&S stabflity of atomic

pthﬁérsﬁilld'a:ﬁsyas Qﬁuu%)@lﬁfl p}lbr% k)’gtgmsumargby RN %‘glf’ ﬂ&?e%sn}le %ftal :«]isg q‘lator to be used

mgmm: g @ gyn ocat i ons
re?ere Sém F TW&? YO Rkand respectlvely recelve
at | east one reference positioning signal 102
%&;}ﬁ@ﬁkd byowark P&sﬁ;&ﬁfg AN DeViR B GREGs alt ﬁx%ﬁcmcatl t@hnnck Oy dlslrlbutmg
i.one nawn | gcat
resp eéfczﬁ[{ 0 nghq?n%? X Fosmonmg ot %sr 8 Ry "Fﬁe“’frn WP%QBB?]Q’& roving
tPBS“% reefiEr ip sillats derh podp andeprriesbpsersingle ppiftigsition deeahinaig@, without the
tnked f4PplgFital @mienignslbavten BeitiolQSUnk lvicks, &Itlliogﬂrecﬁmhgr AASdWinte standards or
QPGS AfebasD ignals 104-1 & 104-2,
e b o 102" o the
reference transmtter 103. A roving position receiver
105, situated within the network of devices 101-1,
E04rd & ABraon ecei ves reference positioning signals
102 fromthe reference transmtter 103 and uni que
sitioning signals 104-1 & 104-2 fromthe
%E% | thewy e g iigarYon B8 ¢ Posiening Gistem tigt gefietated precis position determinations using
aoit oTGADubis sigle Qothtab@iin Bl @Lqm&%&tywa Hosiainzl Bk DRSS 11 &

: %1%&&&9&15}{ at mﬁ)a%\’ntléycggn d‘ﬁr on cp tata o erenc% LS &%mapa sgste%t a\glﬁ rrelépectweiy

of .chr

0B 2 ons Remce SERBE PO 197 Bigdogt B fentg e it 105,
ghiekcik aleprposttiondd gt akngenin@iionotith et agi eRlenck chRMIRRSystend) inGEponse to
fha iceb@d ﬁf‘ereﬂc@ p@ftﬁﬁu‘igr sebn 1U23thé11%s1ﬁdmg %ﬁly Bevitb Dol § & 01- trarﬁmlt one or

48 LIRS et BTy Pt S st
Brasmites 1q3eﬁéﬁr@a peitier} rersiveri19f, situpteiivdthie fhe metwarlpef devictst 101-1, 10172 & 103,
tebr@vepefebed positon@abigdis 1@ Homane r&f&gﬂa@tfaﬂ;nﬁfeﬁltﬁ Qﬁmﬁ SHoGEbning signals

ﬁﬁ)ﬁ% %4-2%1%' ]U P%}ﬁ% %J%e}nces I?PFEJIS{-Z and autgnormglf célﬁl.gaées both code

Posi t | oni ng acqurres
B z&ﬁgwaﬁideﬁmg'ﬁ é’glf“t Rogitifp sigferaingfiony fmlraﬁel neswgrle of chioecdogigally synchronized
ppsitinipk bigndls.t | me- of -fl i ght offset fromthe known
co-ordinates of the reference transmtter and the
#nomp co-ordinates of the Positioning-Unit Device. 5

&% me- of - flight offset takes into consideration the

Prolrskrd Prsisianies ret Rewibea yyneixpias fo@noetbnbjrotdigical efiepervetich can be of
JEOEIyE ValdE1hnd G ln@iRadly vibRick Stherbbra WS sinp® ohd ABpLLG Jld%ii SRREGERN as a
transmtter to the Positioning-Unit Device. In free

space, electromagnetic waves travel approximtely one
meter every three nanoseconds. Next, the

Positioning-Unit Device applies the tinme-of-flight

offset to an internally generated positioning signha

and aligns this positioning signal to the incom ng

ref erence positioning signal, thus bringing the
internally |
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10 generated positioning signal into chronol ogi cal
alignment with the reference transmtter.

Specifically, Tine- Lock is achieved when a
Positioning-Unit Devices' internally generated

positioning signal has frequamcy coherence with an

i ncom ng reference positioning signal, and

C byhetibgr, ¢dl suffichethentencatibd infahderimaf iais@REee In the preferred embodiment a
t [cﬁﬁb%amret &ﬁ?enga{eﬂgﬁﬁ Q)scﬂl]aér &c&@ﬁ G 0% 9s ngc?% b?@oﬁ% -Unit Device first

Si lﬂr%sla'e ransmitted via a_ radio frequenc %%

carrier’ 'F'EMS'?‘%? By Lipns siepal A plpiqtss a so- eFH"é‘ SHlight pffet from the
plrsie ¢ooprdingles of fhg refereneeamnsiygtergad by latvackordpaesafithe Raakionihg-Unit Device.
t iI‘lﬂEBlmS—GMﬁghEQffku&hntHEiﬁsﬂle&ﬁ&nUﬁ%rop?g@@n tiin® Q1Y Exednted by the reference

iti i a %=1 AN o1 MRS Le n
VAR gl S WATRE} Rl L 1 Paithagtons ey m
SsHEE Flfc{r%léagnerfys & ﬁ‘ﬁf)|trfl‘feb§ppm€ﬂmarﬁlﬁy°"% eligoilt: 1 6’?’?3 ofenajegprdy Next, the
sbusitian@g-UniRBévar rpphg theaimetodfligh GisetZe arlintel?@ly igkrenRd pitibhivigtsignal and
DaivisGiis &Qﬂwnhn@@%ﬁa@ G @t 1@0%%&1@5 SR sflg%zg & brmgmg the internally

eSS T Bl G o0 e arp ety e
t rodh s Avhiered rWhmPosﬂFﬁ@gﬂJeF Bt éntqrolyi geheotrl mesitionjiaysigat! ha(0Bquency
ha@Berefice Gt bt REor@R TSGR NP ositiching BikrL End REGAIRR Al Bsh¥t GATBe reference
CORRARERMbas:2Nd @ data conmponent. The Positioni ng- Unit

Devi ce 201 1 ncor porates a position receiver 204 and a
co-located transmtter 205. The position receiver 204

| Srefrpablsitondl sigwtie kransmigedpbsirddiodinguagy RFYQaieshdnt oBferercé transmitter.

ref @é’f@éﬁ@eepoﬁﬁecnﬁnys%ﬂél rbgh 8d %@lfldt% fr&n \!Lﬁye\th 203 so@d@dwﬁj:hsl(ﬂay include

9{%%'10%J o{}f}l‘;%"lgeﬁfg‘gﬁ /grei %ungnéag%ﬁ %%%%fl &é@‘é? gﬁhlgs, %@obal%ﬂtawgatlon Satellite
s (D Prigeliirg Ratdole3or o conbiosion blovlidepurtsi Refebivg ineve to FIG. 2, a
%ﬁuohm@mmmavﬁe 201SPcaedlal £ HnoSh Ak BSth tal BBreRY uSls@ME 202 @heives a

rEerché £o§itu}nfngr§%tm E@ans%}%d b}‘/"ﬁn Te erelncse tlasmgite ﬁ)g.oﬁx e[f%ence positioning

Posi t ,oni ng- Vi ce position FecelVver
Sien &3 6&5‘?‘?‘?‘6???&?@6“%? @H%IF PoVigRdpE cdecaipronest: andarfisia pestppnent. The
dogifivhigeiénitiBeicd 21 rigngl@ s Copheiticd QEtEodn @it and ard-ldatdatafsmitter 205. The

(b@tﬂﬁﬁ)ﬁ@n& 204Tlp§pa‘89 of rtedei@iﬂé ﬁ)gt' c}r}m; gl%nQ?Hdnpa@l ch’Qél!cJ dognmm% signals in view
ecel ves aneous|

BF GRS ok CPBIn Y 'SR S o P PR el rernce
tP?Séiﬁ’S’m $202 03202 PaiticningHbit Devier0hointits @ m-alkcdsiagrmbiti @D signal 206
fiiion0 B BldsnliddEe208, Gﬁvﬂmﬁ Gt @itledivy ﬂl@ $5§ltﬁ)ﬁu%[Un3 DRviceAodidoR RS STl Ofe siave

' f then cal cul at
!)s%m% Oé’lﬁ 2@ Ea% a c%mcr comPC{nent a unique seu%gran\l\@ﬁsco%e ta)mlp?]nent and a data

ecel i dn [ gni ng sl gn
I‘:@E?@TBVGHE#WQH@B@? PTVU?I PR Ty Al 20 @Geivey g simultaneously samples the
refepen@ IpsBioning ighdl R froflitHe redr@tra@usmiks: 205Ad the Slavk PRitioning signal 206 from

ﬂk Q&%ﬁaﬁe@ %&Hﬁ&%oﬁeﬁ ttmnsfnﬁsnoqettm% rd'iﬁ ?cg 1p then gaﬁ‘)llatgp E%@eeﬂ 09 received

e integrated carri hase nmeasur enent
& ¥R Fgn %‘ﬁeaﬂg éhﬂrffcared se ROHIS R Sistad 28 TPT] @ansmission time
diéfrence praised frkyi preffegrer amijodgneginiaiete@@i®@dand t he sl ave
positioning signal 206 to determne a carrier

frequen di ferenc atin in

ggngv :Béglng |t{('Jen " 5‘?a§c° 6‘41 B ﬁ?@ # %eraﬁ"feﬁgns g?teé'?"ggdag"m e carrer
p05| t SoBPANey @utbqqareremzoasnmﬁg tigral 303gapé thpodive ipesifionigg signal 206 to
Si gnaieteﬂﬂﬁatmledﬁadqwnmﬁfere&ecoar se transmission tinme

di f(tt) e[BeﬁB&hﬁtmgl aLd Joﬁl}:arrgé) dl%? 456h Jaﬁ %on%&%}ﬁg ﬁzgmg%ference 8 dv,ltlonmg signal

measuy ene determ ne eudo-ran
conpdiiefit ”‘%YF Pesigne g ’é’ﬁ £°é‘etﬁf6‘§‘f’f‘f"6fﬁﬁ g mispigffigte dffrgnee.
and the slave positioning signal 206 to determ ne a
code pseudorange difference. (d) Conparing the

I nst ant aneous carrier phase neasurenents determ ned
fromthe carrier conponents 5 of the reference
positioning signal 203 and the slave positioning
signal 206 to determne a carrier phase difference.
For precise time synchronization of the slave
positioning signal 206 to the reference transmtter

. 202 tinmebase the signal propagation delay between the

ref_er_enc_e tran_s_rritte_r antenna 207 and the
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10 position receiver antenna 208 nmust be accounted

for. The known geonetrical distance in neters 209 from

the reference transmtter antenna 207 to the
Positioning-Unit Device position receiver antenna 208

can be converted to a signaljjtine-of-flight by the
formula: tinme-of-flight = distance/speed of |ight. The
Posi@)i @iﬂipaﬁ@g thbJpdetidold@V neRurdddts Eieiihed %ﬂttlﬁfbseﬂdosﬁnﬁ&l{ &4 components
trans r@fttﬂc ¢gfer&1Leoﬁ%|§ticglﬂ\g 5i W’HOQ and(%% sla\bee a’ nynst Edbiﬁg o, determine a code
frequency by oni ng- Uni t 1oy deteriig
corred??%ﬁmgﬁmpﬁ@”steered transmtter clock 210 is

det é® rGomedinpipe inblataddusRargiér tphasnmaagyrelderitd de@@iied BonCRk kagikdcomponents
from tdﬁ@le Pdfe%ceqioﬂcltfoﬁtﬁ§%ﬁ 20ehYRE Elavg B&xﬁ%ﬁiﬁg@fgﬁﬁ 863 to determine a carrier
p03|t|g §&33|9na1 203 and the slave positioning

S|gnal Areh is nmeasured by the Positioning-Unit

Devi ce recelver 204, and offset by the reference

pbs blbdlseﬁkhd’lagncﬁﬂogﬁﬁdn of thé@vOositidningdidnal 206%0 thd Riefendd trhnbi@ifer 802 @mebase
SJh@é(%al BnQ;ﬁéggtiofP Elallag] get@%’]ng{ﬂﬁ efe%rQ ? trénmuﬁ’er an%%a%? Lng g{e (IZ‘QSgialgng Unit Device

roni zati on Wt e reference transmitt

R A s Breobeassunst T The bpoas epamstieah i 209 fom
r‘é‘f releretre gangretiér @iteand 390 tsthglveitionRHBninDevive phatiorsle@ive antenna 208 can be

P@flericd @ sIRghl &h@@fﬂl’lght b? @ f(ﬂhdlamuﬁ%f BhetNBstance/speed of hght The Positioning-
P Iﬁebl&@ﬂ \%yra'ies f'a ste OSI 1 <I:rtc 08<n21r] f}ﬂ‘eckx\é%rel{?%@gs%g &t?ef[ rglcy by the

er eby |on|n
f‘%?F‘P‘BW P’HbDﬁ”lé? HéeThf POREREPH ¢ the rtet’@e Fragsiniterislacke? 1 Qs tdéieypined by the

alteyitioning Uit IikiviacSCRIEN S B dytinteldBfeloRe BweerOE e ko8 bdSiontdd kifnat 203 and
Qﬁevsha%o%ﬂné Ll%‘;i%ﬁ %ﬂ& 15 lEéA.E] I’elc? §§ M«p ﬁogltlonq‘lgflfnﬁ E)@\’?c% réggver 204, and offset

96 ween t e sane _position receiver

4*dF F’Fﬂ%&%g““ﬁrﬁ%“i‘ é‘&l&f’%&h‘ 309- n@lsmf% 5 slayP BRAONR| Siggpl 206 into
chngepisgicah synehiopizgoswithi g mefr@eahnmeiter@dbaiptebsni cs. 25

Cont r ol States of a Positioning-Unit Device In the

&hﬁ%rgce.!s o€d1 erencué% e %ﬁggﬁots rg}ﬁ: ?ﬁ%{l{l‘l&g §1g?f£ ?G%vnk: ﬁ’é slave positioning signal
f20¢ fieNRAghectoritionie- Vs Bevéss positen reieiser elogk: e thereby alRedngthe Fpditioning-

Nt thovire 20156 Batl@y the refrege irdhnitdedoe iRbaR wiiidt any clock bias caused by the local

%ﬁtloﬁlhgour}htﬁﬂwéé%&nagﬁﬁh %@m@ﬁ&, %gﬂ%g.' ut@éeﬁﬁm @%@mﬂ sk position

a ref grence €m§ltlonln% gx
PERSEYCE 198 PG tet AT Tecst/ing asﬁb%‘i“t’ fledgi cqugse BY fhosigay aeceivt eleigonics.
2: Lock to Reference 12 The Positioning-Unit Device

mﬁthﬁ&&@sd'fﬁﬁﬁitﬂﬁﬁg-@:@t{beﬁ&qm res a reference positioning
r 202 position and

3 80 Hear aBainl S ERGR SRS sl oafas cBpaee o
@WWW%”?@@PFFonlng Unit Device CPU 211. 5 State 3:
Synchroni ze Sl ave The Positioning-Unit Device CPU 211
Wei.bsgl@ allow for coarse tinme alignnent with the
ref erence positioning signal navigation data
- An internal clock generator is then
initiated by the CPU 211. State 4: Initialize Slave 10
@h@]ﬂ@@h{k@@&ﬂg Unit Device CPU 211 determ nes an
u PRN code uence for th
ar t°.s‘ ‘“‘P’é.b ‘b@%"“‘f ‘%?fqﬁg Inigies @ psassh ?f’é %Zafi'“’é’rﬁ 6°Sﬁ'§’§'?ggﬁ‘ﬁ§‘al 203 by the
Mitignineidiuit Beydre pesiigrressver 2040 t he Positioni ng-Unit Devi ce
transm tter 205. The current frequency offset for the
reference positioning signal 203 (relative to the
Posi tioning-Unit Device oscillator 212) is also
assigned to the Positioning-Unit Device steered
$tateh Eork totReference
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clock 210 by the Positioning-Unit Device CPU 211. This
serves to initialize the Positioning-Unit Device 15
transmtter 205 to a frequency that is approximtely
the same as the frequency of the reference positioning
signal 203. The Positioning-Uait Device CPU 211 al so
assigns the determ ned PRN sequence to a free

I @edlost@ning bidir ke dositich eeeivomis hdqﬂféi; Di@fetelite boskititiz Gignal 203 and reference
Poskhild @l]Z @sﬁﬁ‘sh Mﬁ bim&9 fmodidRd FEE & n\i\ﬁé‘atao%la??&ﬁkwonen%‘b the Positioning-Unit
|5%$J 3 th the sane frequency o d

pseu oran onmcode phase val ue as the Positioning-Unit
DeV|ce transmtter 205, in order to aid acquisition

ofitatt esypdhamie: PRSI t 1 oni ng signal 206 by the

P%I ltokngﬁlnE gmﬁ@)le\tlce EFPYJI ﬁ? 9) :ﬁfo&f Ifc?rn oaru"seect?nlleve%gnment w1th !ﬁe reference

Posj ti onln Devi cé 't Inrtia

ofosifigpie slpng ‘"%5*8@1 dptp ﬁ?ﬁpfﬁ'@lt Aeulrgeﬁ'al cloghyggneray i then retrateAéxq@? @Pél 211,
Sl ave The Positioning-Unit Device position receiver
284t 4: rlhzhaih@etsﬁ‘a% a search for the slave positioning

Lock to Sl ave The
PO R "“fﬁi"‘fe %’iﬁ“gseteﬁegw RoPEE ST BB ityigpienss for this
t BpBicdyr £?ﬁél°lp'aﬂsﬁ’ﬂ!tl%ﬂ¢3r$@1 ail gwigrls ORRNanadb sequenoatp the Posisipringelnit Device
t traR@ittess 205 MROttrént @ehudnbyO skl 6r 1RE Yeltegtadel &Htldﬁﬂﬁ @ignal 203 (relattve to the

C&EE%BE [}th Dgirg:e %cﬁ{it(% 272 ls%%r) g&%ﬂ& ?u/ t§ | OSIEOIIIDé %%F%B%X stelz‘eg')eg fransmitter

The sinul t aneous 1 nt

fEss A0 esitopipe- 't]‘H‘eDeP"éﬁ‘ %Pﬁbﬁée“ﬁcfew&ts |t%ﬁ1tlﬁge &p aﬁepmrgé’slt Device
dragsmitist 0y @ qfoguetdy dnl ingpstigngy te 206 asaliedreljuehdy lofthd Zfence positioning
(skeRd1 26 )fheaﬂﬂtlgﬁné—fUﬁﬁ BEGE @Pb}f’.lf he aEs‘Pg%é Ihe qaénﬂﬂedqw sequence to a free

SR oL et R, FAS LA s
t‘ﬁ@ heofapp é‘ﬁ@'@lcy [9&%’? trid mguipnding prdf  PRES vai cbs tiisePositianing-Unit Device
[@ssnite (05, RCbrdet 1 Bidhcqdftfon oﬂ‘ﬁle(%ﬁmpﬁﬂiomh@%al‘ﬂbét@ kb PdslliBhing-Unit Device

g)gétfo}n ireerep PoqU Me.tPogt?onn%ﬁ?ltﬁéevrﬁeo l‘l%er{t mﬂ’ :1.1tesC Quly r:‘stlsjioorb(zfl tp{e siave positioning

| es corrections t I oni'ng
SErt%d transmitter clock 210 to nalntaln a zero ICP
di fference between the reference positioning signa

%Q&saﬂgmk@ﬁwelave p05|t|on|ng signal 206, thus
nalatal 0o greq AlternatlveI¥ the received
B Bin s D ot BT RS oS A i & S ey g 20

as neasured by the 40 Positioning-Unit Device

pasict Lektrsaeei ver 204, can be fed directly to the
%Resf’ot:nh&ﬂl? i H«E,Ulcte g@ﬁ\én fefelvar ﬁig_gcegueé ﬁl& L gu?ggs Eﬁl%gésrlgna 28(5: 'cll(nd a coarse
Shetippis (‘ﬁrmPe)lawdffﬁle it gaHen fatp foarnelmtt ter clock 210

sinmply enul ates the frequency offset of the incom ng

@ﬁfee:rﬁ&&&cme;‘riaq?;&'&:MC@| gnal 203, thus maintaining
hi's met hod requires the

equenc ock
ST BBre pe Ao ertrrarel o b rfepntseotispipenal 203 and
Blave nesisioningsigedlst 20@me inbdieddamed) 04 diffaenced g Rbdttoaing- AT evike position

- Rbale£209: Tﬂﬁﬁlﬁ&&l&ﬁ@él@l éﬁen@@l@%&t@&g a:@}ﬁa%e Jtteie %tween the reference

Eo%{t ?nrm% % d\?l\g es I;%ve s%onny ] ai %ﬁg ei c I%OP gﬁruhtge pgflté)ﬁl&g unit device
Q%zan@nttnhfé*slx Prplies °1ETE?§1°’ES| o i ﬁfgltlsrrugr{éwt D2Oi@ steered tgmsmitter clock 210 to

|aintin ateel IZP Hefaaids Raveaiic réiiyhcd gokionial Agnal 20 indHd @1bwR Positioning signal

Rl s BRGGhin A¥EaGdE: Lock s achi eved when the
Posi tioning-Unit 'Device steered transmtter 10 clock

210 is slewed the requisite amount of tinme to bring
Airenativell ethee rre@ved nefergiea vesitipaigi tignalniragensi gital SaltieN$sOmealiRN by the

Bl @i Un B DEBRpositibh Gecdivef B Ofas bd #:4 Mecﬂ&"ﬂ) e P&Q%mhgsUMo::e steered
to offset the neasured reference slave tine
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difference to renove the effect of the reference

si gnal propagation delay, and the calculated tine
difference is then applied as a clock correction to

the Positioning-Unit Device steered transmtter clock

210. The clock <correction igsachieved by engagi ng the
Frequency Tracki ng System (FTS), and applying an

adahkrhiited ek 21050 dréaee g srenily “Tdghaet Trdcking H@enS (FTS). B steered transmitter clock
t ﬁﬁ@ﬁ%%&nﬁa&es Q'Je ﬁ'&lﬁen%l&}fsét Qf th&ncglglﬁéjx%tet%{ %(Qﬁ(% n% mgﬁl 2%? rtﬂuQQamtammg

pre Ugnc C i re U?FAC tjo) evige 0s 0; 12t be common between
‘H’%‘i §f"§th%f'1 Ca5E e oL oRE VAE B eSS P12t

b%@%@elteﬂﬁéa@@h@m@mmw th the reference transmtter

202 tinmebase. Once this Time Slew is conpleted the

cggg%qgﬁgﬁ%@m%gbg -g?gaged Al ternatively, Code-Lock

can be achi eve ewi ng the Positioning-Unit Device
t PuhShiett %"rfe”i“(?fés'ﬂ?’??ﬁfeﬂf’éféfé Logkein ahigyedrthy tige difiejuppeshepisen the reference
arnoitieing eignaC298 endpileasthee [fositiins }ignaltiob sdn bEadeidit@y MéakGed and any time bias

Fo@eedn ﬁyferwgéﬁave %Qde @9&%5 Lcﬂﬁ%d lwﬁcnh@sl%gﬁoq{ﬂ% BBN)&/QQ Seered transmitter

nol s re erre

kot e o ey S isp e b SRR e B g g s
PR eodelistiesits Ehet timezpf-Sighy velog 209dy used) tol offsdt gy eeasw® mfoeen@-slave time
Rifieeen @ faenobt By @redP Bk br@6dksigadd pr@ﬁﬁeﬂorﬁel@at ghd he calculated time difference is

| _ Rﬁgn%{:p%&cag §Io grre,: tEog %’Iﬁ (%émlm gfln@ Egv1c§tstat % tr§nsmittfr clock 210, The clock

15

20

25

30

35

40

Reference ave
PT5HO8 i pehipyed oy gagaging: B Frequensy Tdking Spsiat FER): and 1ﬂyplaﬂg1@0ﬂddm°nal
degres ofhapchasbied thtsyitandhick @) foBa pledRrndied fiilnk @ktiod. This additional
m@ﬁ&y Qﬁ'sgtsaﬁ(tws tl{el])ive%tfoﬁigé élggig 26 tt]- 89, 4 %g% ol 1”%80%%5 time coherent with
g%:grle Ienseh t?{aﬁsm%r 902 t1meba§p0 Pfg Itt\?fg"lglrge %l%gg:c%m e?g 81@ control loop is re-engaged.
PHiggdivebn E‘P@ﬁﬂ% pan bpechieveft yoserying the PdsiioninetUngy Bevice tr@ositte 805 PRN code
|sa@fator thekbyisitsQmbiator badO phade @EIDE) WhiltBindidtiHie @Rbdedey Lock,
i ncorporates a 180 degree phase anbiguity, and
therefore can acquire and track positioning signals
ioterhosk labpsed o ERR cogsincqyers: yvhichr fsi ighepsatlyf noisy: clp dhegpigfrigd) jemypdiment
reipnesBsitiginginiaPEicefiltr®RE cod2 e pizcdsatdo adlelddar of f set
at 2.4GHz. The Costas Loop anbiguity can be resolved

reference t redet ermi ned sequence of data
%%nggggﬁgégeﬁgﬂgﬁFgrred to as a preanble, transmitted
iOpcetYeate 73R ferpnse]Spat Fromendatak edBpericheferdose/Stayafigier dck ere gchieved, two
\6iné El‘lroﬁ; stilNRmhi® Giatohube REEWRF K a WOQI@gr&h)ﬁas%g@@ 4n@QB a time-of-flight
gﬂ?; Suity is resolved, an arbitrary fixed phase

ference becones evident between the position
recei ver phase registers of the Frequency-Locked
r ef(Br emedingnido 8dg@vy ghad eﬁlinﬁuiltﬁ) MaRGs dh@RBkEromEHRY code positioning signal
ar bi tt{sﬁé YS;QM% PQJSJ I§0¢:i LAO V\gshl Enotvg % an%g ? cﬁogtzgrl_x‘gp.rlﬁl? @ostas Loop

of the_ sl ay OS|t|0n|n na an |Sa uste .

Che 1 SPPRRMIBDY Bigmomies DIST e oo yabiguf, g Jerebpr i and s
Ti me- wfitidaing gimgls Pitetelf OFF settiguityATHiy lalf tyick mabiguBy©presents an approximate
ti ][TE b pltdsécgﬁt‘.unpkfﬁ&% ZQfoH§ %e todtadilo &Sﬁ)ﬂfgml}%ﬁa ble tegbl\leh"ﬁy reference toa
e EIRBREL L T B CHB8 L Ll BT
Posi t1edstfiefgdetarrompomesty P)b@ﬂnﬁmemnﬁamz%lpcafrqmeletgfe@n‘équm thegfostas Loop
di st ambigui? GOrebBd\RL Brbitrkie ﬁfeﬂfp%ee&lﬁ@encet HetthS1dvidhR hetRE the position
t he PQc%ﬂvér'pQ@é Heglstgp } thp%}éﬁu%%r E@cﬂqg fetrﬁ:%Q at%ss?a% ?c%ltlg'ﬁngasgnals This

nunber,  of carrier

conpcffPétﬁfY)Phaéi%ffsetpﬁ Clﬂ‘%t"él"efafb&%%!’%i’ﬁ&ﬂf &F‘ﬁp%*rtw jegal pydrjpadjusted in
f r actthedolaivinggapiObeet.) 214. The ti nme-of - fllght phase
offset is the fractional cycle anpbunt 214 conputed
fromthe known geonetrical distance between the
reference transnmitter antenna 207 and the

Positioning-Unit Device antenna 208. The integer
conmponent 213 is corrected in the State 8

Ref erence/ Sl ave Code-Lock control state
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descri bed above. The fractional conponent 214 however,

is too fine to be corrected in the State 8 10

Ref erence/ Sl ave Code- Lock state, and nust therefore be
corrected as a carrier phase adjustnment. The

Frequency Tracking System (FT%) is engaged and the
Positioning-Unit Device steered transmtter clock 210

is th I’mlﬂsil%ﬂﬁﬂe—dfh Beht Bhad Offict: @ fhdtiaal dyQfdhe @ﬁ%ﬁt@h@'ﬁﬂ%ﬂfs present due
( from tb s rcﬁel'éﬁcre %&‘tﬂo:ym sgﬁa@%wa qon@l’élw Jeﬁw%!n%heggg(?n@e tya%m'ﬂtgr antenna 207

determ
U oGP 1 Pfleine i s e 208 T spppraiet ik A3ty iy rfernce
is t héﬁnsmémr@n@@gmtlonm@npbmct ¢a0 bd ygestded bis D@mber 6f whole carrier cycles

carri gthe hlgdd Ba§Bneht meplﬂcbsﬁ‘at:tloﬁm ks %lcglﬂ@é frz%@cﬁal component) 214. The
eman at m@g%ﬁ%h?%‘:ia}e %gseP ? tﬁ t%gzll fl le %Jrgc!u}mt Y)%nﬁu etd%' Sne ltgnown gegmetr;cal :

is now ¢ synchroni ze
r ef er &ifEwee Pyusee Fhetr%f%?ncwzsméﬁw ffepne 2phend dhefegiopingHiiRpvice antenna
Si gnal208. Erdmatri corgpofidhiC3 i breredied inQlieeSRe:8 RefefSMlatel0ddle-Lock control state

anten m@scr%gc‘yabo\gt ﬁl%%'aclignal cR%Eoﬁt[npﬂg ﬁéuglre{fl\‘faetoéo‘}' t&‘&ccgrre%xﬁ the State 8
al | ofRe{ere /91 ove .S a]% been achi eveé

211 dECPEFEaF G oge iRt "l“ﬁéheﬁg’ée bt"’|°8FFF‘ﬁ‘bas Brff“f‘er p%" adjustment.
Devi c & Breauensyi Tipsking Syvismri EEY dmnergdzed gl tho RositighibgfUnit Device steered
SynChﬁrﬁlﬁhﬁ&d:lddlﬂ eQgue tlﬁ;@Sleﬁ/ddQﬁH Rghishd MnaI&g‘gk anTJﬂﬁ (from its currently

|P g > Iré)l[veg% r ohG %FI},Q?V lu% %esté%ﬁc r os’rﬁg)(z@&&)tv%% %%WFe 5‘?“5'?1%5“ cofflight
trans ﬁlilafetVé]Iue I{nF h@b— Qo8 ("%Ll i5 thalhre&%gpfl a’@y P@fftlonmg -Unit Device carrier

pi Ccos elpentis:, postioviagsidnhll20d gnatafv@tfroin She PoaBhiatIitDelive Ao is now
t he @lﬁﬁa@él&lﬂy Qﬁchﬁgﬁfed I%h X rBbnce Eemsntitth g?]ﬁecaggrsﬂhgsk QMeBhe signal

Si gnal S ok t{) %8 enbodi nent eac

Posi t | o""r’ﬂli“”ﬁl ([‘JhP re VFE”@”‘P?%‘P?@PHE'F‘Q a uni que positioning
sﬁ‘aﬁd&IRefeWW/&thBA@én@l sts of a carrier conponent, a

p}heewd of R OB kR RV b RARAA the RTD1 PdeNRY ﬁﬂé—]LoQIUand ﬁiE fositioning-Unit

ﬂl? r]ate msTQa%sm&%E 1 E nC\n(r) nse rg:tuomzsed aimrt%llf n usl%?,{lmtg hsgnal 215. The

uency wav e pr et erabl Y transm
é’ °SZE@1‘I‘2g ‘I’f@ eﬁ%i’d’a‘q“e PPW%?&%S@H é15ieton shrowsfosiciy sypphengiagsto the reference
itrangitiéri 200 tinabase quikh lah ey | of giedsdeandt, @ cafabiery tfat 8 GUeBEYly beyond the
RARGIS of aPBoraR. PSeudor andom nunber (PRN) code conponent
i s nodul ated upon the carrier conponent, and consists
of a unique code sequence which can be distingui shed
Hmianrfetitining Signalsseudor andom code sequences transmitted

Iy th priferfed d@dddERE B Holi@nSA0R: BReb hﬁ)ﬁmlfsraelﬂlﬁlﬁﬁﬁo\ﬁhonlrn@s%nal which

Di on
%%%%f 9 lr!:g'nér %om onewpf lﬁigrav\r%mfl cod%/ F]oélp%nre%t anc],ﬁ é‘E"ﬁFg\PP é%i foglﬁonent The
EPEB PR r‘rsehfm“is‘%dabia@b Froceanit yove prEfoRlrbn trinemittadoiel F 4¢Gide ISM band,
tpgh tehdetiieofdns preanneada € RN QFplicabR NG ddfeO Vibql@Sy Bands. The
S@Mbrﬁ Mb@t?%mlgocgclh chonLe;lﬁp ﬁgcﬁﬁw@\éﬂ &ggan%r (cjp%’n?onent aad consists of a

|nfor tion t1.oni ng- ces an

BYEF 9 ‘bﬁ%‘l"ﬁ&& Bhighsee be ‘Na‘eﬁ"’@*ﬁﬂ FRPHEST SHCEPSRISPTAISAM RS SeRysRIefEfBsmitied
bredtigodekices pmthe safe ednder Dagiangy- Thiri téchriDpv Is Goown @c Qdde DRBion Multiple Access
(ophep R it Rélinowah @15 &NeR nQ\Jléaﬁ‘t}ﬁ dJ.lti J&ﬁﬁ&@m is pﬁ&%aﬂﬁﬁfbﬁ&wn modulated

esi r.ed netwo TI ne
5 e el 50 L SRR DETRBFERE b e e
fforpatiandp PosigienipeiUgiy Paxijend rovqfhmsleonc,remrfwrfg e agafi@risformation may include
nenetkubte; Podifoning-Ulit Devig|I@atlof{ R&HRGRal tieRRBW cloblelineage” information, and

SPadeaitioAd.L0 @ single Positioning-Unit Device. 2. A
single reference transmtter broadcasting to a

plurality of Positioning-Unit Devices. 3. One or nore
Fiat-bock Codighmations i t t er s br oadcasting through

Tié-EdchRE) ba InpleReiddlil QRA) BBsrddNdoffigh¥he Gfese é}mﬁge&a@clnyiﬁéﬂdk ty
of reference transmtters broadcasting to one or nore
Positioning-Unit Devices. 5. Point position tine
synchroni zati on ' ‘
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A single reference transm tter broadcasting to a
single Positioning-Unit Device. A single reference
transmtter can be used to broadcast a reference
positioning signal to a single Positioning- Unit
Device. FIG 2 shows a Positiigning-Unit Device 201
situated at a known |l ocation, and a reference 10

t ransm t AeingloEret S@snittet Hﬂtﬂ&cﬁﬁnﬁbaﬂngﬂ@ﬂ’@%mh@@ﬂtﬂeﬂ& The
Pos |2t i o nh @igglmﬂertenc%xén%r Eg&&casrtlﬁgftgli M&%lt} J} gos[‘tl [l B&ices.

p03|t|on?n ﬁg g trans erence
trafsmtrer 2 ’ﬁ’&fe ﬂ“‘%efszﬂ?éd"?iﬁlt'f’?“é%‘i‘“ﬁ‘@le‘gﬁnbpr?ﬁﬁ“’“‘%g““ Devices
t rafsni t & eldraliy oftrdfenRawismittrnlrendeattng o cBevingePdsitiang-tiit Pagices.
205s5. | n s pRBnsairk onithgizdiecei ved ref erence positioni ng
signal 203 the Positioning-Unit Device 201 determ nes

the reference positioning signal propagation delay

2t goeliTalengpss frrrsaritier,bragdeastng fq asingle Posifiquing- 8’!‘%‘?“‘6‘!- ock
chringiegtferenge trapsnather @misd useg iodbedadcyst SigRete pRitizngtsig 6 akitigledositioning-
LmiQfR0R0 @ﬁﬁb ashdv‘.@%q}ysﬁme IENJHQ %ﬁce%m%‘&ﬂk ’a AR (EAIR and a reference

porsg%tlt%glg {nbla ﬁgo mtuate Eng P%agc}{l e r%’gsrétl,o}n?%ﬁjmtc%elyﬂﬁeowé ﬁefelveijﬁ\reference
cuHiéniag ﬁ%h@ﬁtﬁaﬂﬂaﬁé’ hyatheareterenep taveritter 302 anid gherstafecpogitipying signal 206
t traem@ted Byl Posiams-UhidihitGrafn@eas. Z038spontd 8 the received reference positioning

P%ﬁeh tzbsodﬂé ln)gitlét{ﬂl% ItUP]lPBéS(IIkCQ QOISdléltgr%gngsUtE%%e%ﬁ pQSQ%mg s?gnfﬁ propagation delay

un| ositlio
g’ﬁ’o‘lpglﬁf é‘hf“fpif’p’éay’n{aﬂﬁm(‘)‘ﬁi e prEFCioR o P@F‘@P@W&% synchronize the cartier
tcplawsm tutiqe PR 2odt Fampdyars,@nd @0 cdiyongpos it inGmilly gerSiatghduvS positioning

&fghal B0 tﬁéﬁaﬁﬂeﬁoﬁ%en{ W%@Joﬂbdﬂglt And ' |c&1|1pgl§lnt$)@{hyltefegﬁe h‘&@lsmltter

Y SO, TS0 RE A Shi HESPHE ol b e S 1
F“@§P ts Flagvilagicallngypehiorizeil toghe sxferpnegitransipittpri204tanebayc hr onous
with GPS time to picosecond level, and t her ef or e can

%0 lﬂﬁsﬁ‘gm@ m@alp 9r§ ln(;t s&ﬁ‘cxen tg %(Izté/n?urne Q‘Sosu on so?u% vuﬁ 2i)osnc{gn receiver.

preci se rangl ng con | onar
éig*se"gfoi the rf‘é‘ﬁencezemﬂmgr lﬁ@WéAP é"\‘e@Feefh“c’émt" F%h@rﬁmettowgﬂmt Device signal
lwilbizcyrelstrowgyvith GPS tigd tol piedséctng 1cofl, adterbibre Binguskinbyta position receiver as
%éﬁ'&ilﬁﬁﬁl pre@isesr Qﬁ ﬁmﬁqur% E&l%ﬁ)ﬂh % Ak %zgl‘,(;di% rsollﬁﬂlp be used to
forma network of Positioning-Unit Devices when a -
plurality of Positioning-Unit Devices is in clear
vistagle peferqnietrangrhitterdnmadeattingit s putaliorof PEitiGingUntNoviess. a
@l stigiatefetelce @hnsi@&ricknl b@ﬁk’e(ﬂ@ foHIﬂil ﬁetv@ﬂc\bif ﬁtﬁﬁmrﬁr.lgtlﬂxﬁb%ﬂ:cﬁxhen a plurality of
lﬁ&gl l% [91% %tC\I/ %8% m?&%i]i- view of the reil'ereabe 3 3 0 r ef erence

tter Srtu t'iansmm‘known | ocation. The
Posi tioning-Unit Devices 301-1 & 301-2 receive the

Ft @ sieme e pluodiy tof Paititiihg Sinl) DaiceSGtatddr B Rifolh Udcatidns|By1-1 RE301-2, and a
Feﬁat-eﬁfe%ﬁuuterr kY %1% Lihdeda at?’aolgmwrl ﬂcaﬁ&sﬁ%%ﬁté%gg {Jmplﬁevmes 301-1 & 301-2

recei ve refer ence 5$S| tronin

BEdeEthes TG R mpsel oL %aes:[mttf 4 ‘L"(‘)Tfe?“‘i&érf“@?"r‘ffrr?%’s In; rpsgonse to the
reectjod eefropes ESitionink signab pigathi Bsitidkek &lypit I@Kecl3081 304012 fotegnines its
Eeﬁtﬁctlﬂﬁgiﬁﬁﬁﬁslﬁgah&la&ﬁmﬁile& 33@2 ﬁ%ﬂ%@ﬁﬁl‘eh&straﬁ"sﬂxmer 302 and applies an

%ﬂﬁx%gr%%rtrm%m%e o%{]correc‘it n to chrongl gtlﬁ%ﬁ: sgxac o?%ertﬂeccgwﬁr ocﬂ%lﬁ){lent unique PRN

nol o Sy nC roni ze
£pds mOfpﬂNmsisda@o@@p@mé fhelp finterna i sederated posivpRINgesimalpfo the carrier
tompénent,i RRINasodbadohyonehe Al darh eshp@@is of thORTeREce Zhi@tbrpoditdnihidenal 303.

B4k f’(isﬁ&mg%mép;ubsfecg Eﬁlt\%] E&gﬁts ﬁ:ﬁi@n?&ﬁi%mg %gzgs ﬁ?& §z 305-2, which are

éﬁ({)nﬁonent of th ce transmtter I't1oning
Griggicatyynchronized iy heELreregrTHGE S ek ces
subsequently transmts uni que positioning signals
ORDr ok rdflonce rabhiiteh b%&ast:%ﬂ;ﬂ% .Qa;nﬁaialyypoﬁmm HhAREL.
to the reference transmtter 302 tinebase. e or
nore reference transnmitters broadcasting thr ough
intermedi ary Positioning-Unit Devices. 16 One or nore
time-synchroni zed reference transmtters can be used
to forma network of Positioning-Unit Devices,

wi thout all Positioning-Unit Devices being in clear
view of a reference transmtter. In this
configuration the timng signal is cascaded via
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FIG 4 shows a reference transmtter 401 situated at a
known | ocation, and a first Positioning-Unit Device
402 al so situated at a known | ocation. The first

Posi tioning-Unit Device 402 receives the positioning
signal 403 transmtted by thg reference transmtter
401. In response to the received reference positioning

S |Og@&|mopeqa1e—]‘,ﬁclﬁ&%e(f fefersice PRShiltdrQRH Elagusecir}b Forr8 Ydrkdix éfqgsnmnmg-[}mt

agati on 404 from

- BPERE AR b sy 000 U R Y ¥ e o v
c F?&E%ra&@rﬂ?eé@t“g genak lbcaeweﬁ@rlfeglpm Rogitiagipgr&njt Revices Ve en intermediary
C aesitivgz-Unt OBY0 A& Ries TGk @ub%n@%nlﬁ@mﬁ% can @43 Ghis intermediary
d@&sﬁo&&ﬂﬂ?ﬁ% aﬂﬁexrke‘fe‘?‘en&eggsﬁﬂ)m@sr%x a gener at ed pOSI tioni ng
signal to the carrier conponent, PRN code conponent,
and data conponent of the reference transmtter
pESi ¢ phor avglererst gansthitied @8, it atfaiknatn [R@®R tahdonfirs Gositionite-Unit Device
DeoziaG&sivlddd a&“@&ﬁﬂb{ﬁtmh | The Fl@@@ﬁtﬁh&gswﬂt Eb@ﬂc%@ re&@«%d fhd ﬁﬂﬁdﬂﬂg signal

S !ﬂg Smlﬁgd% the rcgerencte transmlher 4@21e ?%%lis%% tl?e r ce1¥ed réé%a%grésgsntmlang signal 403

reference {1 mepase
PEB‘% |ff3f Bﬁii‘*ﬂ@*ﬁﬂﬂ}t DerzsiTE detamessha tiapelchiorageian deiodf rom the rfernce
| oweditco )1 dnd tappliest ani dpprofiriety cok toh@tisnedo afu@itgically synchronize the carrier

p&&bctnlar@ thﬁ\ﬂ PﬁN g&i@ bt é‘i’énq S ol ;ﬁ)heg{'@ bis QQ:%{!]IS! g&nteﬁatgc{bosmonmg signal

subseqguent rece
tgéhe ﬁr%eﬁ ¥Oﬁi onexg I Bﬂg?de mmp?t@ml ciaﬁéonmo?egttof the reference transmitter positioning

F’Q%’Flt"i’-’o r'ﬁ"heriyst Bppitioniigelinit devickOB2 subrpquedls (fompids 2 wiqhdywsitioning signal 405,
I RIG@IiMeGnoR@isdlly kyddhkoRighd & IR rerdORndnit@r 4 PrimBaONd

Posi tioning-Unit Device 406 determ nes the signal
propagati on delay 407 fromthe first Positioning- Unit

DR PeRd Dpohoniagrinis Bpyice 486 siatednh 2 dppindpdation] ByE Rot dpripwe ef the pference
t wsiddning sighile giociad th yigayddahetdntzed by ildier 409, @bseq@RIYPEIER bositioning

UJEDQ U6 fpﬁ%e%@iﬁosﬁ& R Bswce @(E.dln g.-%ogse Qf@&@i%tp sglfomflgtsfgnal 405 the
I nt ec{l;] %1 enerate %05|t| onin

P Bl B = 400 AREBisc e CBRRERRRHIo it S tho bt Postionin:
Coripmient02ghd topiées fai rpptopiRESilack omeation: tndhtondBeiedllg eynchionize the carrier
R&pohnén® Bhidhe PRI %@Lomﬂ&é}t aIJkﬁta%ﬁﬁJ@ﬁﬁ’t of ﬁsﬁht%éﬁ? héﬂgatuﬂogltionmg signal
Qgﬁle (é‘aefrlef}fgo@nx Sﬁﬁl}uc%crllet COXI onen?nsc{qat 3 n?pgyech:énp g%?ﬁ%s}tmnﬁﬁ@ 9 Device

corporatitng a carri
deafém'ewa A& The S?S?Hﬂ PeFaloaﬂa:‘é#;ﬁﬁﬁ@ﬁPﬁ subispqueptly) fi4ngpejis a unique positioning
sl #osoNdorpOratiig GNarierddBpongt, PRN GBR| ogpoaal, layd SanGipdnsk. ZRE unique

: tp@sﬂtoﬁiﬁg Ilénﬁl%s P Qﬁt‘b&ologiwll Hﬁn&ed%w e Gt 6091%0 d%g’?ﬁ*? Pedice 402 timebase,

w@fﬁ is al so rono synchroni ze
Pl °8‘°’E“ﬂ°§ﬁ§‘ﬁf>f‘fhéﬁm%oﬁth%fﬁ  ggsmitir 1 timepses y of
reference transmtters broadcasting to one or nore

%h&ﬁt@@r&&eﬂé@irﬁnsm&k 5Rfdcasahl te‘mﬂlopﬁl@xle 'Pss)imﬁ)itlg-Umt Dev:ces
ference tra

opqtgrah ggtézgsse/nchr% ZeE? réa ﬁ gléce B@g@{tﬁrs < nlﬁ élseg gaf:%cfcgst refier(_e)nca P]oéxtlgvng signals
ﬁ‘b?f’e oPags Pespringgloiuietcedny thie eanfigurationt dny ceferenesfsieppl preor sauryes, such as
amyipdte i riepshersd GRF carLbd HbraR® VERRS refeddnbelranitteNUb gt Mmebase
qggm&ropospherlc del ay, can be averaged between
reference transmtters to inprove tinebase accuracy.
35 FIG 5 shows a Positioning-Unit Device 501 situated
&1G. & skovowrPobidomt-UoinDevizn dMiasitpdtedraak kiioyn Qdcatiosfaed @ plity of reference

bR £b8rS5092%nd ¢ 65515%? l%]g%gs\é" AsP s:ﬁg’cm ihotvh %@:ﬁ@rﬁ the @&sﬁ@nmg—Umt

nown
P e AR P P apisl BRCTEA e 1 = gney i
507l & 5025%) B rpspenseai Sheirgetived rfiypentelpositfoin® sigalciO3-1,r58%h2 tie Pesisiprgng-Unit
5Odce 501&ietartBresihe slghal HroHRARSRIafs 04 1NE 5042TRMRS rdfeth &G er 502-1 &

B&gﬂ éﬂh Q Ill&%aé%pgc{ﬂ te (§00§ % ectl%xg ?o c%Tono oe 1c5§'33| t41: mzegﬂ cgrner component,

Devi ce m nes the signal prop I on

504-1 & 504-2 fromeach reference transmtter 502 1 &
40 502-2 and applies an appropriate clock correction
to chronol ogically synchroni ze the carrier conponent,
17 uni que PRN code conponent, and data conponent of
its internally generated positioning signal to the
carrier conponents, PRN code conponents, and data
conponents of the two reference transmtter
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5 Point Position Tinme-Lock A Positioning-Unit Device
is al so capabl e of synchronizing to a network tinebase
wi t hout the. geonetrical distance (reference
positioning signal propagation delay) between
reference transmtters and Pgsitioning-Unit Device
bei ng known. For this enbodi nent of Tinme-Lock, at

| @t piNddle cI&ﬁBEe‘nLQﬁ'ﬁﬁgcoB%ént SFQE in@ﬁaliy’@én@ratgé)po%\ﬁng §ehal to the carrier
nyo%kon n?s IPEQN d%vc\:lfmép;gnet%h Eon ttall 90 ongnts rytﬁe two refé:rglce lt'ransmltter positioning

WOT R -SUrveys
t H$“é‘é5°3d ﬁh%’ﬁ& o BesitipingiUpjt chbwéwsqauﬂn@mawgmha @rWO@tlonmg signal
p&UsNthicl B slirdnblegicallivdfhobianizet) @ GHe iREbad: 6R_helrf@ence transmitters 502-1 & 502-2.
Positioning-Unit Device position receiver clock

% SE The Pqiltioning Unit Device position receiver
W fospr SmeLa¥cyrat el y provides network tine

(£ @pstiiphingelnit Bevideds 41v9 capkblod sintlir@izing @ceiewerk timttowlwjithoutvhd gebmetrical
t NeanROSfetedcOpsiGringBillal Jp¥da R dsidy POéBreentrdr@EhSd BahshnBers GrAMosHBAng- Unit

aﬁ%@g] b%%%&ﬂnh %orgtglg Wogolélment IT? Q‘%Séioqf5£ldears}efoﬁ riemcel_r,ockegi Positioning-Unit

oni ng-
SPREGEEH 87 Ariewdby ?°élff°"§'é1Ualf Peyise: feguihetienisy th“e“‘*ﬁ’@‘i‘fﬁ‘&f“é’eys its three-
ndiengionkl positive bt @lctlltiag piitegeiaaadioroxbéh inc@porata pa Bd:sltlbitu)g-Umt Device

t}i&ﬁﬁon 're%en%%ﬂ @ﬂ&l 'ﬁil& bééltl ({’Jﬂﬁi nglﬂ:@ rcg?gpr&:'eln* clggk oﬂ{el aggura@[ytpmwdes

e
FEPeR s MPPE e s Pl P et e 3 *ﬂug‘ﬁé’ﬂ?t&w%ﬁmt Device slave
Svsslﬂé‘m YRSy abatowrhit piveork tiRBas\\Se peefeatd dntbedimeat the Positioning-Unit
OR:0isd laisiaQﬂ@lE )501&0:&’51&@616'{@11 :toQiéﬁmﬁﬁta&hr'atE bh&Sork M\%i:)tg Rhe picosecond level, a
t ial .corrections to
e S fd o BAM acF oSS P8 U o Ui que
p05|t|on|ng signal on the GPS L1 carrier frequency of
I8X5s Medduddze Thi s uni que positioning signal is
%ﬁlyﬁr&&ﬁh é‘nbﬁéﬁﬁ&lh& 1@@116&:@ gangn‘n:lttegjgwtlde Nea AW%I‘tﬁentatﬁQ gyrs@{ﬁt(wgﬂ§ Satellite.

ggg g C. Therefore, a WAAS makes
A P P RGPS eI o8 g R preons 1
tGFE raggivets V44 oyadidtitetkise framerhibemiquef podifib@ng @fpal lomthe GBS L1 carrier frequency of

psashmm;e dhie mﬂ@ﬁl paBbhing st tal:c@n&bl? gynbiﬁéntzemvdﬂ%emne, with corrections
% déd fg%rl]lTEeﬁErlef\&%re‘ \klﬂ.gé)sap ﬁ){e algas anggegﬂfference transerlu?er 1ch is synchronous

ositionin on1ot

B@V?E@%“?ﬂ”%%%g?eﬁtﬂﬁ | SM band and al so positioning
signals from WAAS and GNSS satellites in the L band
i ﬁg‘y}aﬁf‘eh @;ﬁbodéed’g%s‘idoﬁ%ﬁ]g Dk po%wréégveFWQrﬁb;a%s Qlezll(ly\ﬁA‘&S.cewmg

satellite aEare erence transmtter and Ti ne

yosee e Bo 807 (hegrig Ut ke & $e PHGHE M Bapd, a&% g positioning
WiaaB fion STAASomd AYSSagltiad in tEiLrtead feglendye tAVBsitioniliz 3 jpi Patice may use a
GENAS @kellif 6 Quﬁ%dcﬁ%adsﬁtttérmn& 8 ek 2. tf(@ﬂesfaefnbdsiyionmg mgnal to the

t.he.l nc Posi.tionin
g)é?cl\é%g‘)a&gég gosglorfm& 8 &nzﬂ ’lee Do%k %\eg\gglb giﬁpara ﬂ‘ é’]ﬁg enc s 1s nhltlated by
PRl Py HgTering ﬂ@ewrereg b‘(fsﬁst qng Pogitisping- erfr Devicp nz@nﬁb éka common
ib&ebbticiRquay fnakieFRdtioning-Unit IRice pHEHidA Ped&iveR ITEMHBLISIE Yen performed with the

9.%&%&15 Fl@\%:!xsly %Qﬁ&ﬁ BBhel’gl‘g \%kvn-cgﬁl:\érg’gns lluﬁﬂesr %‘éaf c%&llatttj?sem Ith% %Jltmnmg

oscl | [ at ors In Positionin posit
PR RPre P FEIYHF 19881 G CORMOMCIBERE] It isderey pptient te
pmesfor psciddorgrisog riek tinfdrn@io3fHr SlonmmNen8IE i PésBibng-Unit Device, including

%B&ftl@ﬂ 1%§elv@1l Qﬁlkml{téi]fe@‘ﬁ BBt %cegsi?l uﬁ! Lin€ BRRORE %;cﬁp Qaiay @re taken into
oni.n

sl VndPeonRlnhe SRS ox FRfh, B b gl R frff R of e waas
E}dﬁ@‘ﬂtm%slést D&H’EP CyTio fipueneipsepyioraq dewn-gdaesrsionnt o

consi deration when conputing inter-frequency

Ti me- Lock, due to the disparate receive paths of the

WAAS and Positioning-Unit Device carrier frequencies
prior to down-conversion. 18 Referring nowto FIG 6,
Positioning-Unit Devices 601-1, 601-2, 601-3 & 601-4

are placed in known |ocations with clear view of the

sky, and preferably in el evated positions such as on

top of hills 602-1 & 602-
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Devi ces. P03| tion rece| ver 708 rece| ves

2 and/or tall buildings 603-1 & 603-2. If required, a
di rectional receive antenna 604-1, 604-2, 604-3 &
604-4 nmay al so be incorporated with each
Positioning-Unit Device 601-1, 601-2, 601-3 & 601-4

.and directed 5 toward a geostigti onary WAAS satellite

605 (though these additional antennas are preferred
bRéferfir@tnoe 36 BIGE b a#osmcfnmg-UﬁlhBevmtdnﬁ-jd,) GOJ-De@ll-B)Si BI04 are placed in known
dlogaﬁ&g hm v@@’to?lﬂg@f ax%%rc? Qiﬁﬂr Elefg@z eH gosHEHs Eucl%\élll 15[?& hﬂﬂ?dﬂﬁ@ & 602-

g? t “%{‘E n@ -1 & 603- o ctonlzecsiye antenm 4-2 6 4—3&604—4
n g ithpsldnes ¢ f“fh“& M“%ﬂf”g"ﬁ‘éﬁ"“"“e{m"i‘ﬁ aptpng ¢ |’1’ 042, 60

| FpTale ds npafoested witke e4ch Awsitiordg-Una Boticeat®y-1, BBI601-3 & 601-4 and directed
Posdrd 4 LBl grlWAASRRMEE )5 @Qﬂigh]these@@aaﬁc%al aftbhhas 3re pe@ld batdot essential

Tfome IJ’E%%&SD %BYI C% a%rec\ll\opr‘fgls %nas on l’cﬁllimnmg%ng Bevtcte&epi(to mglgzhe multipath and

creating ronrze
pi‘“ﬁ'@‘éeerﬁcﬁ‘r‘ﬁﬂl ieg it %9&9 ratl?fx PHe Mﬁf*@rflgm Yhish i (@ imEgeyps fitsjeppe timebase
bagcugacy ek Positiosify-GReviee @1-1, 6602 d01-3) &i 6384 Tinktliodkel tonigh VEALE satellite

Tl W05 b | sk 9710sy B00,LPRARL RERSLIAE Sclf. 4 posion

8(:§l|v T G%elggy Wiﬁjefmaﬁgﬁ l%Sétuageg gﬂ g’méjf’@ 6(19 %MASéateilgﬁS@n% 606 cannot
&P e the Huilding 6 tdte Pdsiov pignalipaepr iaiveverRogitioning-UgDevie signals 610-1, 610-
&) 51023, &OELD- '43?:0:11&115 ﬁélsmé‘mr@&ﬁllt penel Btﬁtlﬁ Gdlhﬁ 60131 ig) b1 QarORfetrate the

%ffd:y&‘%ﬂgt Jﬂ?lo tfreﬁ: lgs? gro gx ﬁﬁs}é% rece; ver%‘a'ﬂs tcz;p%li]eﬁ reegeeBeé %‘smonmg-Umt

I oni N
d?%lfet H"i&‘n‘?f“ﬂ@“&’?l@fﬁ"&} f’é' f‘f“f Wl%vrﬂs Ufﬂb*afrvmpo‘glm i byis PF@“SE’JﬁPEﬂe pomt position
Bletringa®p imkuietie @tlhdod\egipns.clg iagktios | ongl the psititil reeivg 1607 b cdldnlated a

%@nﬁ;ﬁ Eﬂhﬁ\éﬂ {90 cah Be (ﬁé;ﬂﬁrle& éct:&ﬁate@cﬁ-le quggt Iﬁ\@rgl'orptﬂéeforé 4o provides precision
recel

%ﬂéfarotgsatee lgssocclll.Figiﬁegéoasio E[Pre%’ﬂ w}tﬁsr&e g%fﬁlorbréceagttsgl eﬁlltsﬁlg &ulldmg

aﬁ@% mg@is o, anyrlﬂesmplrl@slélntmwm 6Htl 6H-2% Flriek $hlet, AYAG satellites 605, or

[FNDY katb@iSes [Mv&@lcﬁxl 10 Bsed to/Tdkem L NBdelefnditd E&ftmﬂ Rubd! Blidg pbstion integrity to

q%g [ Mor eover, when the Position receiver
g%%uém tscalt ée(aig?smlod ing 609 signal s from any

Posi tioning-Unit Devices 601-1, 601-2, 601-3 & 601-4,
WA mediay NAASIRRerdd@5, or GNSS satellites in view can
tf»@snmﬁgdugnq)efv@és rma@era l.py@.,; d@& Gfﬂé %sis @gainta Imqp alﬁ,OJe Lageld QB intermediary

i ng. g’F ag tgn i nt egr i sy edestria

CATRER 5 POUT EPuAm i é‘r"ﬁ%‘r’“‘a‘ﬂ)ﬁ“mé arRapalip o eaive WAAS sateiit
Pleglstriaoyst intyriegipry “taekiing dositiphiageérdt Hepicas hethyir tive eferead sdutyg Therefore,
Mé\ﬁaﬁﬁtd%{ribbt&ﬁhrﬁiﬁyouﬂhfﬁ@twbﬁ wAlERChI @8sitl ohh LUAIBSEViadk Yeing in clear view of

Bgl:e? LNGe, S %n“atl s in anot her enbodi nent.

0si 11 on ng- Ait Devices that are unable to receive
WAAS sat el I ite 25 signals may use internediary
Phraipiihpet DdsRddraké Ng- Unit Devices as their tine
ﬁlﬁﬁe%(;&{‘& & W%Qxlé &ghte :Eh@e[r@ﬁvgfa e, 1tlrgr%ﬁ-{;'% ﬂﬁ?at g'asls&'lg t’@‘ti&n%g -Unit Device

out he network w t sitioning-U

-B@\f} eéglé? ‘B@Pﬁ@ fgrf ety "fv]i"’é‘WDB‘? Unif eviges { Refeing é“’\"/\A‘A@IG 7, a first

SettietitgiUng Defgss 100 isitated gf-aUmovin 1BetikinGe ddghagd @ the reBfenderirabsyéter and
avaRh S}@tfem ﬁméﬁ%ﬁotﬁ §§ iﬁt%ljndﬂsr BenB¥RLd REI 788, T@\M@ﬁbl;e@@ht@omﬂohmé -Gnit Devices

p(%%?ﬂr atfchat Eﬁ{ aélgné fmo I,Locg?(hlg? @BH%S%&) nltrBewceEl)'eeferen%ee positioning
pgel 705 M%@Pﬁﬂﬁl@mﬁﬂé‘vﬁ Rewiee, T06evhiely is piRvgfedny aktoyn [oFadipn bpt oupof range of
the: f'u‘SttPos1tBﬁng-UhﬂDHviag70lﬂmnﬁe-ﬂaa€d oGk sddddd Iekifidadk-Sht BdvicOunkgiOpkitioning

nglﬁla?fo‘i %eréf&e qlg §§S§H %ﬁo%g a&&at%a?ca&e?tlﬁg GG tLJ{J %1% P% Positioning-

creates a romits |n
H’é‘h‘%ﬁe"ﬁiﬁe"&ﬂ@r‘l&cﬁw? 6‘%‘ re% tae R PosIBeTE e SieRHHi 7%‘3% frgnsmitted by
D psigee-UTOZves 7i0Mevwsi0t, (163 79d| Set06 krid oubiseqheptyext fowdanes a single point position
blufiB: L6, deQinfeRBodidid 5t thegﬂaﬁtﬁoh Rt P s Wik be c%ﬂdld%@ally-synchmnous with
ref erence positioning 35 signal 705. A fourth
Positioning-Unit Device 706, which is situated at a
known | ocati on but out of range of the first
Posi tioning-Unit Device 701, Tine-Locks to the second
Posi tioning-Unit Device unique positioning signal
707. Therefore the system all ows accurate cascaded
time transfer through internmediary Positioning- Unit
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19 the reference clock 702 of the reference

Posi tioning-Unit Device 701. The arbitrary tine val ue

of the reference clock 702 within the

Positioning-Unit Device 701 is of no consequence if

the user is only concerned wpth position

determnation. If the user wishes tine alignnment with

athg rabadte didckBagabe tift@ide PRBonidedin@ MRAEL70C. The kibif time value of the
\M'e%e%hég ciobke 762%1@[11%5]3(:@)51? &ﬁ%ﬁhl@ Blewri’cg ‘7lﬂlf] IlSt of %\ébngeguezg ]1f e %g*§ is only

t eered 03|t|on|ng gﬂ@l base. then th
REPEPEhWE: Ropiges Fﬁﬁm‘ﬂ?‘m@ﬁé@ P s e ‘f?“’f‘?’?b“"&\? al jpebgse, then the
WARSNs alpek| 7P within gic epfpeehce ResttionyesUngt Daviei70ladeddeto baptieted to UTC.
al i gnmant to a global tinmebase is necessary for the

9051 mrghUmt DeUce l{)feef c% stgezedb g?ﬂ?% tenr;aieebr seeI gr S_?_Cce b a GNSS
t {ﬂﬁ%&g‘e’f o NGRS Sty ecinedufifpticedd aligypt 0 ¢ el imebase s necessary
I foc e U@Wark, [AS préferatieabht 8 refefenbelTOViHonIngUGIt DOMte bd Meed RLRCEhya GNSS

t !uﬁ@asg-g §r~§§s ltlltnlelgg rétit%fepgpogaon r§:@i$etr pgsnﬁme%&ﬁtl&!nloh tt@compute a time
order of SEeEconds a

accur CI es |
Sgﬁeloél\).lgl%gf % aﬁ &e Cé‘f# Fﬁte 1tet Elgiﬁ ﬁtfcaraCées uﬁg ordef ?/fei P%COH? are achievable

- asing thizdsphriue. \Beletive Prasdceuragnbengen fivsitionDe-tpit Bayicesyyiiich jqre Jjinge-Locked to

Thdeferl:R€ Kfftlorin@-Unk D&ick, @fieéanGemdn®mitdn®@Rieng- Uni t Devi ce,

Wil remain at the picosecond |evel. Inter-Network
Position Solutions 15 A plurality of reference

t InteFr&pfverk EpsitioniQjutiges ysed to create a plurality of

aAl tplorebtonfl Sef@e@tanandastiors Ay bR UBENO BES andiaNgrd alxa®mpus Jietworks. An

oéM&ndrHaﬁs%Uﬁ'oﬁ( |h§ﬁtp Mmqw'}ﬁngﬁsé §hlg1qg] Eeﬁét;t@@y tﬁy re?enﬁce transmltter Position
ref erence trana celvers

ST By kst “’5““&? ﬂ’&leea“%‘tj’{“{i‘ﬁd‘ﬁ%’ﬁf C??edF%‘f“ﬁ %55‘?1“ Veloéiy, and time
d8Y Brusiharresingly phintipesiion splatiene The positigm ocivierfsetime (MIADF yletermingrgelgtive to the
srleﬂ@}kamﬁ&km e m&bt&aﬁ@mﬁmw 1ok arﬁihe teﬁ&ﬂi ladk ln@aﬂnetwork position solution.

L@?FOH\{'%&{G% tEab are loca at tpeq)ohn%ztﬂ)? re 0 au ongn?ciusa rtaelmy a{|d rtegl%mg positioning

c‘*‘l‘%@k’%"’"h‘??&“‘?“élgpélf aesaﬁfrmub?ﬂ* F'%iw?ﬁ'é“t st ﬁfstﬁtﬁ%qgwhd)ﬁtween the two network
Stiplebibds b¢fore Rmidaisy their positibe Tliis 348 beSdedchliget asah entel-Mov@ikardsitivh solution, and
raﬁuégq m&lggasum recteMQ m%'& QRIS RRLNOLAS Lﬁ)ly?c%gk $oBGBIY loW second

pos#s gl ng % from Positioning-Uni't Devices
ﬁc‘?j’@’l“\}ﬂé ﬁ%g‘epf’ﬂﬁ@?s’tf’{‘?"g‘f““ﬂl stingui sh between the
two network tinebases before determning their

[10 B biefeRed e-:BPd)cﬁneﬁtanmti&nmg—@ﬁfE Devi@aldSnchlle hefolideE MoK KNetwork LD.) -
on sol u qui r es o)

rmqsrlélatlon in their x%e li%rhhtﬁ 2?\fels’twark I% ma s e re ere ce tmll’] Qntg'apnne(btgﬁx/of Positioning-
dinis eviessr %u@cmtd’ﬁ%tweg ‘tIWeD%‘@oqﬁél Posmomﬁ@@ B figrpine the origin and
a@nHstidangin@ge i of Bengd @lodkt daf G chdh@sitioRingUniODevic? b view. L@ allows a
%S&% ﬁﬂt BEUR;Q ‘1} Ell&n re{’ R foéa%ﬁ”aﬂﬂle lb’E‘dnEal?P@r‘%Q GRorfinSR networks to

i ncl ude net wor k en I 'f1cation
dﬁtrfafﬂﬁa‘fhwa nP‘FlH"“t“ﬁ Hpip Dﬁwmﬂkaw%d Wt AGr ‘PF‘“{““‘D andfherefore which
tPagtionied-BiriePrygestréqnies dorkt @retimvabinithe rowng@bsitPw skdverpsitig -calculations.

- GRintPoddRMing B D&H&I@cemafem%’m bt hfaﬂﬁaﬁ& ﬂéﬂ.lan ot%‘lbbsﬁﬁﬁn Devices in

position receivers can % 0 .
vmfvaarl)lﬁl(r)l rr?s%onfe geqerlatﬁseag tra.nsmétf lts o rc:twl(%r eSCLP (3] ta(_)tag_ o?wr Positioning-Unit
dlguires @ siving psitiprgeceiristin i ce i n vi ew. Th| s allows a 30
Positioning-Unit Device or position receiver |ocated

'iefeltr oQQ Wﬁasr %er% de?n\é@d t%‘!iu?oﬂ%'iﬂﬂé‘z?esgﬁ& X‘ﬁ%&ﬂ%m&goumt Devices 801 & 802,

ete VI Ces are

oni n
é’gsétt%'?ga‘tl%rd’ewef $P1dfh% ﬁ‘é’ts\%? e ingyicey of piis profhesapd sRpmiEpFate to each other
P ppditiosing sigralaiztl, B2 me $0x% GusitiosngeUrdicievies B12dC 8028 and §02-3 are in
et R Bnetaf@hef Sl BBmRRSE Tol R JHRECRE &ﬁloﬁgshghdlm4 -1, 804-2, and 804-3. A
cal cul ations. Each Positioning-Unit Vi ce receives
Network |1.D. information fromall other
Positioning-Unit Devices in view, and in response
generates and transmits its own Network I.D.
information to all other Positioning-Unit 35 Devices
and roving position receivers in view  Referring now
to FIG 8, there is depicted two aut ononobus networks
of Positioning-Unit Devices 801 & 802.
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Posi tioning-Unit devices 801-1, 801-2, and 801-3 are

in view of one another and communi cate to each ot her

via positioning signals 803-1, 803-2, and 803-3.

Posi tioning-Unit devices 802-1, 802-2, and 802-3 are

in 40 view of one another andgconmunicate to each

ot her via positioning signhals 804-1, 804-2, and 804-3.
ArZionR@Shit DO Bifatkdhehr thedbbuGiay Sf thel Blo@dwa@a8013 @eives Positioning-Unit
bﬁé{rﬂg%ﬁ{onﬁg s%ﬁl@ 8&4%0&% Macéﬁtsnegvg&t P§31t[09 gedh}{t%wce 8 2 3 and measures the

Posi tionin Devi ce” positionin nal's
f PR At atetoek biest ddheedmed ietreh fim asew fewév 15 ogeﬁe“gf’fk 801
atinetbaye aBe r Regtidning Unit iDavids a8id-3 dirahdirdts efvde cormetions| foc Khebidjepnt-network

Oiﬁosﬁnhlﬁlg-@% @és‘aﬁé}.tsoﬁﬁ EW K sbd R RaASEoM dhih) WhBSH f6dipotafld inti® posmomng
_Ig&st Wos;tro mgnafs frorf% orﬁy ohe ae é cent—negv%}f'ktﬂosnfoHllgggUmtrBev:ce%yl" necds to be

ransm corr I ONs
agjeReddtPosiiopinp YRt Brvico%1 5 vien REningrfi netwpik wprecetion 8. ap all clocks in an
B0 dnchoustetBOR ardtimd ohekehit. RthdvBdrds orthadna Posifibiing Unit Bevice 801-3 need measure

' EBCdE}ECQIQ Bé&rcﬁ"lg a§ i} tﬂaﬁsﬁln%%}kc%ﬂkm&mcﬁdng Qﬁl:h a?eosgnt:l)’rr the network data of its
POSI 1) OI’]IHH% nals from onl| % one a njfacent net wor k

PSP o repRiyi g rebs S othe By oning g Deviegso i oy petork
FRg% ifar budseituany triwerhitsioDBA 10% 8080 1o-r@vingtpesitiof weeivern#PSa net wor k

CIRE @ikt @NcoN@lidd Sralud SrarnitodCin QeKBtwho d@ of wmnmuﬁm Device 801-3
%Eltﬂ?&l%m%%gl%ost g?ccc Oe ! egotélgoix&%&%er ?dé%{ is r‘ovm nbeXNe.%nngtworks 801 & 802.

Vice
af 5’6'@%?"5‘?1‘(‘—&‘966?’% apples thet rgcewdalﬁ@ﬂ*tclowowﬂ%fw EqS@Wg-Umt Device
C301-8 @nt subdagentf i calbulais @ SRt poin pdsiien EuditivdO fising Chdlt Msitdhing-Usit Device

]pgsxlﬂyglﬁé shén!ﬁ!‘in r\]rgw %bﬁp 91;3 28%'3 and Qc[]a%en[ &%kk\/}%gtlcﬁﬁg Uﬁl?ﬂ)&@%@ posmonmg
Uni t Devj ¢es Wi t hi

%lp%r nggaisllgg‘ﬂ gfr)lll’ltn gsbtg)é é‘UE‘?ﬂ ca l’lﬁfiqél‘fﬁ r%v§1ig Bﬁltlgrblgceh\_/er éOS clock will be
@@s@em witloW¢ weork3Q1 tirebae the paiiveats cBOG:omdHis. Furthermore, the adjacent
btk Pstiib@el- 1RO DEGE 89203 tay Ado lr@elvetpﬁsﬁféﬁlﬁg s‘ig‘h:ﬂﬂmh-@ frbrh Be first Positioning-

r{Eut\M%wcke Sgi’ig Iqrfieast Q%gg%sllgagel eren opﬁme tt' &Pe t\(vo%ew? w}ﬂ% res ect to its own

tioning S recelive
et §BimgDs. TH st o0s Bgiopies VP R4S ARESTBErS dpo comectons
86 Zhe its dpeent-MorkPoiing-USINDIVREBIME 80123) & 8083 irl iR@etwork data within its

Ig@s‘r‘tfanhl}(geggnﬂ%tiw rﬂ%re%e %&85&%%&&&@%&&9&5‘5 ta choose b tween timebases, if

osi t 1 oni ng- Uni t Vi ce 1- 3 and subsequent
&HPEdl ates a single point position solution u3|ng al |
Positioning-Unit Device positioning signals in view

aﬂ&mkphggaqznmggams and adj acent network

Poi?]pre rred e oy men&) %} b% gf g%hl%%g I I&]? 8Han&r% Qe% orn g lplmézﬁty ﬁf frequencies
e ieprh pré@mtla Iérnt Tpexie®e iPosition GOHvers |suhstauamily mtewet the plglity of positioning
GieB € et & ko dah vi@tine ds ifdddr chukibFRDAS Snbliddidl realufidal (ARYI RF carrier

ts:Qx@lls Q)I(pgr%hceg(&ﬁlg &fa% 'wgﬂffassﬁg &y\%ﬂr@& %gtir a%(br%ceﬁg'Je 83%5}1;5 known as “group

net work Position can a SO receive
FUETt SO HlY StgtR] @ang 03Rosecqnplyy Hepeing fop rfeefluepsy <and jpbign (pmperature.
2erdfing, b plDelty dear®d freddenginckermad fionta tom@ot ospildd@ srel transmitted through the

gdnfefuﬁrfsﬁﬂﬁa@a »Qfl e)IpQﬁncte 'urfeﬁl.tal tﬂxﬁtd% Hueag)t%e Mrtehfreﬁ@eﬁ&%ﬁereﬁcgs and further

base, acent - n

E‘é’e“e?“e ofl? 'ﬁ% “[‘Jﬁud?aybéé‘ﬂs%‘ ys'ﬁ‘ﬂpe‘é““f“h%'ﬁ“gf Pgﬁ?ﬁﬁ“{‘% @F@B’ﬁs This causes
gupmisedtHodipging fignels tthab ar e phalf eaberent.-Nve thgs¢-¢oherent positioning signals will
Rasek fahg@ BrrdAOntbIRE Widd IRkl a6iBiguith Rdotution (BRYlprodess.& 801-3 in its

ﬁello&@cnggﬁg Ei{ilf EEV}M: Ea.nleﬁm}lf{te thfb Pog%%hgrielg ni) neg%%le%n@mS%%éfei?’Ce transmitter by

Eﬂlé%‘g%g %@Wéﬁ frfzqufpéb%}gegg positlpnmgrs@aﬂf, yhich arejadividyplly |t151|e -locked to their

Eﬁpeqluemclj}nm'glrefaenhﬂﬁdﬂnbnmgtsig&m AdfogtianglUsinDedke i trpordes a plurality of
Réckbt @hsrhiMer Qfock Qsﬁiaﬂlé S&Q{eg}ﬂg §¥Jlﬁ@lﬁ} St 1fionihg Q%ﬁlmvlhtcﬁ’ Ghe Rlhsbitted on a

plurality of frequenC|es rom each Positioning-Unit

~ Device. Position receivers subsequently interpret the

plurality of positioning signals to generate a so
call ed wide-lane for integer carrier cycle anbiguity
resolution (AR). RF carrier 30 signals experience a
time delay whilst passing through transmtter and
receiver electronics, known as "group delay". G oup
del ay. can vary many nanoseconds, dependi ng on
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same transmt path will experience unequal tine del ays

due to the carrier frequency differences, and further
experience varying tine delays caused by tenperature
change of transmitter electronics. This causes 35
transmtted positioning signals that are not phase
coherent. Non phase-coherent positioning signals wll

i ;m.du@eofr ARG fr@hdn€lésS TheNBokitidnAS UM Bvide FGtioR iRkiGHd Itdadks the plurality of
tdlvg-gla rﬁé@cc ﬁgsggﬁ%SS éné Podsalsto tl%&( Eﬁ é)m ;t% o%—ydu&gy &Rl slave

at e e no ase
Ré’f“éci“@ﬁ R
f 1igng trei aeppedive Gr@acypdivist sloapasigondi gigml, such thittiegh slave gositioning signal is

i Jﬂfi-hél’dg@ﬂ@|sWhr$¢z@@w1h1QﬁéK§ﬂen@eoﬂaB£ﬁief Thel P%tﬁt@ﬁﬁé UM@D&VI@&MU&GMB its
0S| oni n Posi nin

[ﬁura% o?%‘ an}b%nrfeés? 8osmgnmﬁl %rrlags' \Iv 18}1 a(r)ef t'“}ftf"he{e“t w1t9 die group delay from the

thfafPrngeFer cYidk lgast %rava@rl@kqéfPO%ttoe*wihritheawq@ in vieatt § payitiegfreceiver

Plasirtirie OWidIGneSihteHRRAntiguityhtéseition K AR ) tifoR e8I Podit®lin®BaiteDedile in view. The

%M@r@é t'ra'h%‘nt%t gr&@ rdgl y%gs cIegti%qH ﬁﬁ Fatg%%mﬁm%r P Qéx}ngoh %ng&gthmhg -Locked

Vi ce pasitlion_réceiver trac

Pi”%‘é?ﬂ‘é?iﬁvt e s sadd ‘ﬂ%‘idt"i‘“é"n‘?“ﬁ@‘s §Y“Zj‘i’faﬂ‘ &ech Bogiffoning-Unit
abesicr psqudiedoge. Thygosloureaivertinfermdts this @gumenpsudaingearge:s sieepiver clock bias
PASHinR A IRGrr& iR knSle poldfbsiiRShdulA60 NY- Uni t Devi ce
Ti me- Locks each frequency-di verse reference

positioning signal to its respective
ieewticrreapdistyBpe sl ave positioning signal, such that
eaptre@iig\fer TOSLdk BiticRGwEd@oathe PSitibnigghnd main&gioﬁta}hd With respect to a
Sryfg}&mcg Q&dﬂ]@tg fr}M'iet Rn t\«glﬁ cb- glfdﬁgt@iga&@ mta§ 95'11%31 l}uI lﬁ fhe prll—ﬁ?ed embodiment the

Posi ti oni ng- Uni t Bevi transmt g
P FRiGeErFrE Feir/ErR °°p%¢;iate.ffarn? hgeed |"‘@ﬁ‘éis §IS° ‘i"d’FF‘“étF g sed by
tGPABRdC AT elnttheyyirdfdired dybodimeu PostieriayUnft iDovivet fl-suryep firem GNG® and/or
tw QS /b fter PoM¥idnie-Bhit DeRRS to dbtbHnGE arl HOFR od-QEilRd
Positioning-Unit Devices in view, a position receiver
deterni nes wi de-lane integer ambiguity resolution (AR)
fhrywnigsion frepBREEY | oni ng-Unit Device in view The
nethe peRael Enitddime, tHoftionigd-OiiPDE RSy ARSI Gceli@tbed MdAiRal Scientific

rh@@iga(?(lﬁﬁ)rb%d'of!%m ti%gﬁ?‘fﬁm @ng §Jnd L& MQ@ ncigﬁi&m%smmg.

Posi tionjn VI ces ore e sa

ILHH B&Vé:a n?t\é(ﬁ]&év%?uit 8gulqt0§y cg\i,s'r'rearé,ﬁpd Bllqmlé é‘E‘ﬁfer@ﬂcc to current navigation systems
Pob iat GRAN T2 AGHzISM Det iab@aljose BdH hgelwidhiehighosi bd el for increased

RSBk W of mie@tr u@rlcésp;em @e&emmoﬁfg%@im ANFE UL bf Qﬂltxlﬁ’escaﬁ'iers for
? and elimnates the error in the

w‘d::i%‘ieé“%ﬁgici'f eaﬁ%‘%““f i‘%%““%al cul ati on. Network Co-ordinate
Frame 15 A prerequisite for Tine-Lock is the know edge
of the Positioning Unit Device positions with respect

O f y valid
tc]:)g%t{r]dlir natglceas ?Iglr?e% Lr@%fﬁg]ez tARiéﬂ the preferred
enbodi nent the Earth CEntered Earth Fi xed ( ECEF)
dothopreferred tembddin@nmpa Psitiotdednit BN Rncbrporads Spotifivd receiver, a transmitter, a

@éﬂﬁ'@ En(g&e&ﬁltg %Illt f@’ﬁ? aﬁhsaecgm}ﬂyn osgf) §r Gﬁ{g EJnI ; ecelv& 1L£$orates a plurality of

B LA S g S B e e SR compnst,
PBRN todoneinprygentiaida dDe ompaent.{The toesmisteningemorates 4EiGEFone RF carrier generator,
61Qca8 lohhl FRAL Bde sfdratbF, AN HEINO Hecleh BIBHIETHE Y PU Boxﬁphﬁs means for interpreting

?an? Im?nrﬁ] ?gals x]g? Hfgd gTE t ositi c%sre 1énlveg')m n suLf{anﬁluE-agsCto cori%rglsthe transmitter steered

ensed 1 ndustri a I en
Rled iprddpears |t<5$syerts%m&gf’afn dpta.{Rfag-pompmgn gecillgempevidep g gobpreny loggligimebase for
hISinpame ofith¢ Pusisoning@nidBavizt.opment  of Posi tioni ng- Unit
Devi ce networks w thout regul atory constraint, and
W thout interference to current navigation systenB 25
such as GPS. The 2.4GHz | SM band al so all ows 83. 5MHz
bandwi dt h, which can be used for increased  chipping
rates of direct sequence spread spectrum positioning
signals, or the use of nultiple carriers for w delane
i nteger cycle anbiguity resolution. 30 DESCRI PTI ON OF
PCSI TI ONI NG UNI T DEVI CE HARDWARE
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In the preferred enbodi nent, a Positioning-Unit Device

i ncorporates a position receiver, a transmtter, a

central processing unit (CPU), and a comon

oscillator. The position receiver incorporates a

plurality of receive channels capable of receiving a
plurality of positioning signals, each conprising a

C Referkifd no®QTPIONE tere .ﬁh@pl@aeaPﬁiMl&eﬂgeuﬁpmwamm ﬁncoq@,r;ﬁnaq Pk receiver
2593 grt}:?nrs]&ntter-ggge tCe ?&%cessng Ifmtg%s%y) gﬁn{ at %SI\?O%I':B%I oscall%tor &)Q.el“he position

Ier geher
g éeﬁ%éYea?”@ rlrcorgR#es atpluraéfa§f regsiye chapngla Py and | thycijensmifter SO PEgrporates one or
C oRpof GRier gaRAREF,0fic dr Mbre 6264 kénagtor 408 Sidlohd R inbig ofSle@dlidlok 909. The
r @5@ '9V4eﬂchﬁ¥s I‘LCQ% f@%ﬁélttoh %@enﬁ:le&ﬁlhl (!-atl nrﬁi pnggé lfoy gangﬁﬁ@ep §0n¥1191mcat10n

g g fe transmtter steere and means
geHeP AP E HE GBI Seretosk °°’*?‘H‘§“°Et8l‘rﬁ’&n osci | | ator

provi des a coherent |ocal tinebase for all conponents
Oi’osttiaﬁinEOﬁi lieivﬁé}ioﬁgjhu&.blt'erDew ce. 40 22 Referring now to

Fl ?osn%hm% Bmtrl%wlneﬁmsm Ire%eti\z%]{_:j cox% rggssél{ l%astoogclt Q‘%Q'EL)J Iarl:nel IE:)a%‘;vable 0? receiving and
I NCOT por at recel ver

t P%‘r‘?%‘i‘ﬁ"?& 3 feeshepg re Lncsantionts et en 8 iquf‘gm‘tﬂr'i‘ia‘tsm'(“@{?@ﬂ atdygy one receive
arhennal cg@blrrofrecgigiog dnk dén@tuldif}bat leddn Gne mﬁ)-!i)bzitdd(nﬁhsmftteel@de\pmitmnmg signal.
gﬂgfellatﬁ)‘; QW%QE&\&E §n1§DQJicU g@kh’ort Yecé?‘fer s ecgﬁi)ly Gt E&ﬁﬂ@ %l p%;raﬂQQJf reference

aﬁ mtter g epor ates aone, or nor e

%OISIILl?nglF e %lf‘gfasegd?cura%’naé‘ Seeriyy e f’s“t"a‘a%"‘@te‘ﬁeé'ﬁ%\?‘lﬁ\“"“ recetver
o eferabiph @Oléth elsaobe qapsble cbfecelying @psiidnicd gkls $O9 othdrtRasi@ni@PUnit Devices
O Asnhitited Mﬂt@SMH&am bdn® rand}ﬂﬁﬁohh@ﬁgnﬁl@ﬁ&ﬁ WRAS ﬁﬁm@daﬁﬁﬂeé Rismitting

gl}li gie IO ve Iftpm[ld f; []l{ae‘z{l]c%rsnAt llog{tonm%l %FB&VE:Q L osi(t)lon recewer {rac% Qegli(&llates and

neans tor transmtter steere
PHSPER BPFtiIRRaNantls wilivhech: susnethodpiogica e@ﬂ V'efi"n"ﬁ(““’“a’ GPS receiver design.
PGRS rtoeie piagpsstig hrid dédigw are @elip@Sintin B brifaBCARd néL sulfeotipstribsEBreat
Ieast one receive channel capable of receiving and 10

| ating at |east one reference positioning signal

f °6‘ﬂ?"é“gr%'l“ BB M hsnitter, and at | east one receive

ch EevitiehingBnirasiviee ersnyieec bds mawgsnuhdtled enochuteatiopah GPA pseddelgs twith one
Oor Gifdd hﬂﬁﬁtlﬁﬁoﬁrﬁﬁﬁ SMBtelerb franSihiAd ©10R0 Sh tHle QJFUfeH-Eh Skbedaadne the steered
Pl;agsm%[e ro}( is gg‘negto % inttllleo#éltaq gom%l 1uts%%!DSlrectC l? 6189%;11&1:3318 r&]?DS) techniques. DDS

receliver 1s recel vi

rigshrofogty e@dmﬁoas P‘ﬁ‘FaBSh Yt gpibates Vineh damcp érafsl@w aweelied oy millihertz
aa0@hratiey @G laildwing the rensilas icbdk@dbeBeikdii “Slave\td SiGnchifisy rbfbr@ide signal. The
rtﬁﬁsﬁﬁtt\éxe biso ﬂx'::(ﬁéo?alfe?q Yeas? '?JQeU QI] aére?t%n@e(l@ﬁ Q%L %englfator and at least one

rec IVIn posi t1 oni ng

FoT T ?fg‘bbﬁ?‘%m (B et e R ey ﬁnfrﬁg Frqqucps e rrigicgqgponent,
| v@®ieh paarsahusoilal dadipoRiuencp WRvegprairgpiyatassmitied i MARASHA Y {BhdASE the PRN

Sﬁdeeéehdrzft&%r(;dﬁc@ﬁﬁmcttd% | cBtSponeht wH@l@ cJHpQEeQ%MEueLcoQ@EEQuence that can be

rdésg %Hl\e/hgag eu{nong psgucfo dln ‘?lé gequegﬁe& &X%snﬁx?t%jfogﬁ%:sgne carrier frequency. A
p)blﬁhbfwé?ﬂdﬁgmshegﬁaﬂa%d ent 3 pluprality o) freabruciesgorproduest 4o @abiedo iide danc”, which
Wl@E dafficrCinfRyee ﬁicie&ﬁlﬁigm@:fs bk @& Gh ad@ﬁﬁ@ﬁbsmon(}?@wer In the preferred

reﬁ"l&ﬁixﬁé rPoBﬁoQﬁgﬁt?ﬂ Hdi ﬁ&gsngtﬁglea% uf de dg\ﬁlme Vi %"‘ﬂmln&e kcc%ss (TDMA)

art and are no su
PEr Bk |“ﬁbh’@rﬁ°t”er§é3&%‘4:@”“f‘?“§‘ﬁ émaﬁd@ rhotpayesker CYAppsitipping signals
Densinitted dnrtigrsand catrigrireqvasy. IThinphesimanon dsrkindvnas the the@/far problem” and is also
GRINVGRGRE IheRah CGPS pseudolite, with one mjor and
critical inprovenent: a steered transmtter clock. In
the preferred enbodi nent the steered transmtter
@psifioring-Enig Bevice Gendrdl BropessingUnd( gi t al donain usi ng Direct
BheRotiadnin@yhi Dest SPU dokSjsest €Chni ques. t echnol ogy

odu .. wWhich can
Q{ fr§§%%%8§&§%%@%&¥Tqﬁpﬁﬁ%ﬁﬁﬁ%gﬁ ?k@%g“%%cura0|es
thus allowing the transmitter clock to be precisely
"slaved" to an incom ng reference signal. The
transmtter also incorporates at |east one radio
frequency (RF) carrier generator, and at |east one
pseudor andom nunber (PRN) code generator. The RF
carrier generator produces the carrier conponent,

“which is a sinusoidal radio frequency wave, preferably
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code generator produces the code conponent, which

conpri ses a uni gue code sequence that can be 30

di sti ngui shed anongst ot her pseudorandom code

sequences transmtted on the sane carrier frequency. A
plurality of codes can be generated on a plurality of
frequencies to produce a so called "wi de | ane", which

al | owsposifdh ldbt@fminktiol 64 acKiyved @roddkiiFtiel-Yordeor BiRoupieEMbar @ialization.
in a rSQf‘f glﬁlleg lhco posﬁlg Il)ﬁﬁ rDev:!:ento bp% \Ré‘wetifea[ [e%g four other reference

enbodi nent t1oning vice transmtters are

pul sed "?'?P"'&g'ﬁ’?‘hﬁe"tﬁf’s\/f" ‘]eﬁ‘ﬁ““?ﬂﬂ firsgrimensiopab sigely qgipgpsition solution, or
schenejtersticly, 4 hsitonig-Giit poiwenay GOWWep ofsi Ibatdnde GYSS saghigs plus at least
do Notend RAIBME @&ﬁlﬁmx@% A& fn'tﬂﬁénﬁgdlﬁéngﬂ@rleﬁre@és Positioning-Unit Device

tr ansnr?%;} ieg qmtg C Je and camer dt,(t;’t%rgnr.tilal corr?cimns of ra il tﬁNSmsatgﬁltta% in view to the

aI o) Rﬁﬁéqlq"m&HBWFWFm T'!*’W@“‘H’WE‘“‘P'O‘%‘%"W B cﬁgﬂatgfmacw@tﬂpe%m relative
Cent r ab thiteoees Bdsifighing#hit Devithe Posi tioni ng-Unit Device
CPU ¢ CNfQHEa'l 1§1%§lzatlé'95 @hle\}},@%ﬁc&%}:%&@&m Ay ﬂeb@e a?ylgrgd@tgllimned location

pOSItIOI’] of Posi ti oni n& ni t Posi ti on

det er r?Pdrfaac“l"’Hh e"&eﬁ?% e BUrRy P BUY l‘f‘“’e""f“ﬁ’é‘f‘g ~Unit Device memory. In
sel f - dherprdyredyembpdinsouy FrstnResitiaingUnit Devirk iszeppyathn initialized using precisely

Sel f - mweyorcn@@y ivliteBbstdaght PRSibdide QR Devided Vel sub¥eMh R ml GNIS Batellites

in vi %nvﬁﬂ%ﬁrs? s&l%?r‘lshnliﬁel%'{ce other reference
Posi ti oni ng-. ? & Ices to determ ne a

thr ee Wﬁwvaéfﬁaqfer@?eﬁ@vaéwﬁeh by the pesisip esiers ol uti on, or
al t er mditchaniels yf thepodRDS feteivarntezg tddadrdh fd':)&\yimf@enmysnbmng' signal in view.
Vc') ew (R/fearf’iltto &ﬁﬁ@ Lt lsa.t} ﬁeereg\l%§p&ﬁlgrﬁrlg s ghﬁ §nd%clﬂ\§t r@lrwmlk Sithe tanda'letwork

one re e&ence Posi t.i oni n% Unit Device.

enbodi‘fRE™ PHEYiERP SHKERMYsi ti oni ng- Un| t DeV| ce
sippl Means potetarming the siambprepagationglelaydirdif the reflerbricaiiransmitter to the Positioning-
correctﬁ]jtga@efor al | GNSS satel li tes [ n view to the

Posi ti 20 L.t \( The p - Uni 4 Device . .
sm1 er Hos: 10n coord ates are 1,rs extrac ed e ¢ erem{e daostltﬁnmg signal
t hen ca cu es an accurate position rela

refer @:ﬂ'tgétwpdlgtp tang mnmgedm,t[ae Imavyy g@mowﬁ_@apewce location. The computed
I Ni ti @tometAtal dstnieDetae:h BB taysmpkaad Pogitidnd@-Unit Device is converted into a
Posi t imgpj)%{.yﬁiseg Device at a pr edeterm ned | ocation

10 and manuyally entering the g qraphlcal coor di nat e

VAl ue ¥R E°6““f98§ € Pl F"i"i‘@‘“‘ﬁji’i pade %9@?7? &g Apsyapriatg yRiqua H code.

[Br ef eMead toerrived iemimass appropiiatestwRiG Simt ind metmak &ite theansngier, which is
IS mepAhghilid af 6l xm]glhanzs@csicou@&n@,g kRl cBicdningd SN

o0 Ol PR L i A PO St
Posi trnedﬂaﬁg “ij the mengrhiges-genpyjited\/RE rearrir o Npvigiatioh letg lacludes time-of-week
r ef er eiResatin, Pi3lbning Ak DéVick Jocaibie arld Ofhiér hér@dik daRGeth Wlbcatich and status of

sear CE&@%}B&M&H@ funk: BGR0Rk &Né%‘lat%lfﬁge' ver are set to

erence positioning %nal in view )
& l\/bé‘ﬁ‘g‘s‘i"&l’l’&’cﬂi‘flﬁl?“@‘eét'mq ‘gélé%{“ oFprand é‘f“é‘n‘zé g davprasmitiep igjapRyoximate
Si gnahereidinextdf@eencpet work tine and network data from

thﬂe nmns@tﬂngaa 8 s BorGRBPER Ea%satm e b(&%@ﬁb%msn%g gkstaf:r m ne
naI Iglpa‘%atll on cilela?ﬁy rom the refere CE | iain frequenc

t’rans sl BPHOHH Tige at‘)ﬂl“?p veed. 0‘?00 obta Hequency

Ref er eh@@wethe@fn@memfwcep@;laﬁ wtitivoprgelhat es are first

ext r atteeBUiteRifed thanst@fR61e BeeraPO&irl Rk (IQP)Slif@ﬁﬁJe of the reference and

navi gﬁ:IvE ?&nig%f%asign%ea{% gpgnﬂél‘% c%?mI lgopE l%rﬁ Vw}‘une—L&)ck-Loop (TLL)”. The

Posi t1on
geo rre?“l‘H“E“é ¢ i} lstpalist eomesten valass t‘r‘é‘? %ﬁ%@?@@hﬁ@\‘n“t s to Zpygjthe ICP
Posi t diffaénmxg- Unit Device is converted into a

~time-of-flight offset. e) Means to .initialize the

slave transmtter code generator with an appropriate
uni que PRN code.
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25 f) Means to generate and pass appropriate network
time and network data to the transmtter, which is
transmtted as the navigation data conponent in the

sl ave positioning signal. Navigation Data is nodul at ed

- upon the transmtter-generatgg PRN code, which is

subsequently nodul ated upon the transmtter-generated
Hr Caryda@to ehl@éf'tﬁaﬁahéﬁ{heg bR tRCHMOES sidve %nﬁrﬁm@’\@gﬁﬁ navrgatlon data

i nf or rl:lgl!t:el%ogerr]lf ge% Irl%meo tﬂ nrge (P E rencc%twcen%hc Ie cre c IEOSIhOn F Siglgband slave

ot her a suc oCation an us o

ot her PPH¥ipg EAflng- Uni t DeV| ces and GNSS satel lites. Q)
MBans Meansappihy Sitvte Qéted thnahied clodkre-rajiisifelam@iat to @drd Gefime difference
and | rialettwlaeﬁltllxezrgfel%lnbe péltlgﬁﬁ‘% s]igthﬁ §mh£ tslgvre Jo&gtloﬁ'ﬂgo El%i %L %’lat the slave

network .tinme. an req Mea trate the

posi t |98ﬁ’1“°}"%gcs@f“\]/EF*”?“BI"@‘E‘}}’P%‘H“‘*TI B t?“ﬁ‘ﬁ”?ﬁedwmﬁ‘ﬁrg‘i“ﬁ oni ng

sl gnalMeags)o dulesgme-lclattapsi re t he sl ave positioning

signal and apply a control | oop to obtain frequency
3oanerence between the reference and slave
positioning signals. The CPU neasures the

| %f%&ﬁg&q&g prp‘fﬂe@ig(‘roge(f‘éﬂoceléwtra@rforIﬁh@g‘léonfqtsep})e Positioning-Unit Device,

dh pdrgpnlenhesané ostilgor isabad nedivethapusitionstcivee, HRAPUL dnd1he Ngred transmitier

Stlloglp @J cﬁlg%ﬁk}qocﬁ mleﬂaﬁsdll@vs G&H tlJo]? h’eql.léaggrac gy\ﬂe I@él\’é‘] reference posmonmg

ut. o
5o 08 TBRF Deias Srtemr Lot Vi P s Fionne
Grgabé frequencyzafiset ag ingsura@Py thel Pésftieningrlipé Deot ppsjtiodiseivsr. is Ged dlrectly to the

epsiitioniad- Ui Bevick RGN kdn@ied lcBME Thd BRref N@¥mitheclsk @i\{r@ly emulates the
ﬁ%e%%?d &cﬁ.lggslet v?lhe of g‘x@ ?nlcomgnag\r/r% eeantcel-, %Qitl%lm§ V\Enalc 8*15 e?unnglip%%e common oscillator

re he re
PS84 ehirange §Ff§fﬁt§?’31%¥ﬁ Hreqensy bock pewgenr thprsfersere andglav P.OS“W)lmg signals.
NEa kg it Be abquisiioGin@iime Aj@susdned me gavt paidsiAgbig@r cl ock t he
requi site anmount to zero the tine difference 5
bet ween the reference positioning signal and the slave
positioning signal, such that the slave positioning
SIEGRRAPTIDY OFAHB MOBB&ISYETEM al i gned with the reference
transmtter tine. 1) l\/bans to declare Tine- Lock

r%vmg d)osmon recewerep%er%b!yl conéprllses Plura@gofcreche cﬂanflﬁ?s tilat are caﬁable of receiving

or a
(ﬂd lf’tPfétetF’é Besttipingsigepls emPosidiogipgdnit Deyiges,ydiich pre qu%qa ly Faﬁlgmttmg in the
Sa08:z 38Chahd. ThotovihgSposiS@tedei@er dy MMQ}re&‘d%lyQQﬁbli bfOlceiving and interpreting

kgsﬁi%ﬁl}/geéglalg ﬁ]&n &E’ éé an@ %Asl'ggte ﬁ&@@aﬁ&%ﬁgﬂﬁ‘ﬁé I’L] bta%deﬁ'equeﬁélgoﬁ'e roving

coherent |ocal timebase a en- | re uenc%q%ill
ProLERTEFRY it PrEfFRR Y caRebip ofemdelptiop é*i’ftg@% 64 "tl‘i"’i?ﬁ"?tﬁé nete gy ety from all
esitiagnexizsd ivedv. Sds Mpwltemytion plRokiionigs-Byisaeios fefDB)ime, GNSS time,
Wstdamfgﬁﬁntﬂmcer I8 %n&@ﬁ&ﬁ&p ot BRP hdhRNAnB GNSS 4B M the preferred

freguenc Pasi tio
AR St 5 et TR 5 B 08 o Y o
PRIENSS é)‘WP Hree-qoksrent. {Heaying eoswvereqew abg }H?fg?ﬁYtWCGIPOf@PSG@R“S toftppke code-
siseepsedotizaARBEithal 61 QK p&itioARlYsigRiTU @S mtdi€ to make carrier phase

%e@lﬂ%ﬂ& }ar Qit:l']c p%ﬁ&om}\(@!u 119 £1evf Qn% n{eﬁlg %%loegfﬁrréjgilt?oﬁ %gc%ty and time (PVT)

posi.tioning Si I m na

BEsisple payy p°Slfl@r%‘Frawaﬂ°ﬁa‘1‘%{e 2P Pﬂsg“°Ré‘1%§Plé‘1‘fefé9aSP%f\9“é‘mPhShed by using
FragedemalyGHSqoditioh etivies rwhich & geefally eige ofihaht Shassaegression that is well
RR%h gk Ng signals. FTS aids in the acquisition and

time adjustnment of the slave positioning signal. 20

DESCRI PTI ON OF THE MOBI LE SYSTEM A rovi ng position
PkecreyiRgehositinn afeeiyen iptelprably inoprporates mgang o detgimiineyintegfer gyele @biguity. Tn the
pridfarfd @nbodinldR lint@br@y SoPdEhiGy iOfesd VA€ @ing Iwit@-lane techniques. Once integer 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 2.4GHz | SM band. The rovi ng
position receiver is also preferably capable of

receiving and interpreting pesitioning signals from

GNSS and WAAS satellites transmtting in the L band

f the quBinGigdRit DIN@. THY\bhrikg pscfiidfihde Icifbriked G2indé@F minfber of carrier cycles (the

p fn@ée@goﬁmmnynt)%ﬁ:p ?‘pelcﬁ}ong fcanﬁje? @ng ?u}logﬁt (fpﬂgtllonﬁ ydngé}lgﬂt gﬂahg 9£oﬁ1ponent), and is

|ncor or a net wor k dat’a

%? Jsep r é:mf tOTtFﬁ %nk%wrl @9%“06 éefﬂ‘feﬁfl?fgtbfaf) ﬁl’ u&erLocked Positioning-Unit
P@@[Ctﬂe@mnmge tghér¢ncyDe eps@Epitvestands terdby pllowingINSSle poimnpgsition solution to be
PR&det fr&hﬂhﬂ@&fs‘lﬂaﬁrier@&\ﬂoﬁs&el Wiha: thORSd fosBiteRhdal doffection.
| ocati ons, and other network and GNSS data. In the
preferred 30 enbodi nent network tine is derived from
a\Bsitipn sivitgekydgmsduae.and pterarsts pesiieninglsignatgiierigd ietnpyprk of Time-
t Ladked PasitgnifgNGS Ddvia® dtiliAne -te0dafé erhodolbyids Qved NG cqp@RlidnklOFPS receiver
r&ﬁ&' &ﬂrec@ibe? ﬂoagsﬁg Q{dgglgy a.J. QL WAL ﬂn@ﬁmﬁm ﬁesglglom%ell -known in

de- as% l£ % or ange neasurenents for each

p05|fT€ﬁ“ﬂd“ fAF°99A%%i ew, neans to make carrier

- phase neasurenents for each positioning signal in
VIt 8illof @ikek IIRANGA $ha whlt M@abf:ﬂ%a:ﬂﬁ&' diveOB), way 8F AGidstyative@Rdhple of this

WEE m( Y-D:h an(llj §tfle|;] gloﬁﬁcntgrclf a{nP vanglons grgtlcr)ftaslc;: \g&ld%gta[)epgremnt [(]Jap%rlso(l)lpskllled in

811”ffl de'gﬁ%‘a faﬁ Y heigoad srorg a@@ﬁ@éﬁfﬁlserwwtwws heseisiet Pién
solutlon which is generally a formof |east squares
regression that is well known in the art. The roving
position receiver preferably incorporates neans to
determ ne integer cycle anbiguity. In the preferred
enbodi nent i nteger cycle anbiguity is resolved using
wi de-| ane techni ques. Once integer cycle 40 anbiguity
is resolved, a precise carrier phase pseudorange is
determned fromthe roving position receiver to 25 the
Positioning-Unit Device. The carrier pseudorange
conprises an integer nunber of carrier cycles (the
i nt eger conponent) plus a fractional carrier cycle
anmount (fractional conponent or phase conponent), and
is terned a pseudorange due to the unknown position
recei ver clock bias. Tinme-Locked Positioning-Unit
Devi ces exhibit time coherency to tens of picoseconds,
thereby allowing a single point position solution to
be 5 fornmed fromthe precise carrier pseudoranges
wi thout the need for differential correction. A
position receiver tracks, denodul ates, and interprets
positioning signals generated by a network of Tine-
Locked Positioning-Unit Devices utilizing the sane
nmet hodol ogi es used in conventional GPS receiver
design. GPS receiver processing and design, as well as
W de- Lane Anbi guity Resolution, are well-known in 10
the art and are not subjects described here. It wll
of course be realized that whilst the above has been
given by way of an illustrative exanple of this
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 26 25 30 CLAIMS 1. A nethod for
allowng a position receiver to determ ne position
solutions frompositioning signals froma plurality
of aut ononobus positioning networks within a
positioning system wherein: .
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a) each autononous positioning network is synchronized
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
aut ononous positioning networks; said nethod
conprising the steps of. i) at |east one
positioning-unit device within a first autononous

posi tioning network receives®positioning signals from
at kﬁﬁ&g one positioning-unit device froma second
aut ononous positioning network and nmeasures the
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COr I eCtch OB pdsiibrQeckiteBis ﬁl@a‘ﬁeidﬁéaﬂﬁkibﬂﬁda%i ogtﬂral)fﬁauf rality of autonomous
transm SS'pSH&omdg'nétJo@t her positioning-unit devices

within said first autononous posi tioning network

recei v aAYof ErEFrs Sy ¥Pysbsi ti oni ng signal s

in cor por at ! ng s aat ldaf'»ltonemedmm&. -ugit Soite witjos fre gitqn@mls positipning network
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posi tioning-unit device w I rst autononous

posi ti oni ng net V\R&W‘?ﬁ s%secg%aﬁfomﬁaw POSIHRINE ptvpork ppe said first autonomous
recei ves positi arsitrgingiegnd gl sforeguyntly adlqglayraimgrasegiogk@orrection;
POSi ti ONi NG~ UM {saill@Vchst @5 pokifi A Srikidblic G R mﬁa&my&swmmg
positioning net mycl oraé%iugjm%géé chck ongct%% %&o it osmomng signals for
applles said tinebase c correction i
positioning si gf&FPE ¥ %ecei ved from sai d one or nmor e

posi ti oni ng- ufii totderesitosngfuniodrvigavitingaCion ehton@ets@rsdioming Setwork
posi tioni ng net Vi and@dl sa¥d pbsltioRal snaR AR brpdraakl sEi@GRbMETock
calculates its Q‘Q%c FOSI tion using said positioning
signals fromsail I'rst autononous positioning

network and s&P O OP feesiFrAgelet Rypidnige f‘%“?ih‘fl""%’%ﬁ‘ttﬂg i dpere
aut ononous posi thdremgionimuay desitiogingimit tidvat wipsdid fird mitongnous
si gnal s recei vegosfibMympesi;t i oni ng-unit devices from

that ar e synci oot palh ARRTPME.RRFL DRl el
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poi nt solution. 2 ccording to claim1l or
2, wherein sai dauomm%us%’s'%m%negv\?%f ?l rst chooses a

single tineb &'é?e*’“ﬁ PBHIETTEvepfalodaiis is pingpsition ysipe gfd positioning signals
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said second autonomous positioning network;
such that positioning signals received from positioning-unit devices from said first and second
autonomous positicning networks that are synchronized to different timebases can be used for

position solutions.

2, A method according to claim 1, wherein said position receiver determines its own position,

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




corrections to the tinebase of subsequent autononous
posi ti oni ng networks before calculating a position
solution. 4. A nethod according to any one of the
precedi ng clains, wherein said one or nore
positioning-unit devices further include network
identification information in their positioning
signals.. 5. A nethod according to claim4, wherein
each of said one or nore posi 1 oni ng-unit devices
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aut ononous positioning network. 11. A positioning

system for allowing a position receiver to determ ne

po8i t i onAgeihes dcesriine taapnene gbekiimy Som B.rdyersip epvaplositio paggiyepdetermines
P! wifiéhl ploditjoniag-urfildt0d BEDIdSind MRAl drOiRbobigedWeitHWEth kS onoMbLe b&itianing
AL RAU AT AR ork RRRHdch RN I REn A6 WOr k 1's synchroni zed

to a different tinebase, sald positioning system

conprising: a) a plurality of autononous positioning
Nefonor K Sethdd @&:B’rdﬁ@tmarw oﬁé 4191248 toc’:’r wﬁ@eﬁ@sa@ @stlof QB bdI—oning-unit

u n&egmeq gnd sgig pdsmori recawer can cfetl:rrr%rﬁ whlc]?p?smo rtg-umt iiewceoposmonmg signals

posi tionin

pIETHTF Befk rfg”%t"mra ReS““r"éE”éﬂ“% dderpiged vhich Resitigning i device pesisipging
at signdagt aspiatedraigh ehdh onénageus positiosiearieserkf r om a second

aut ononous positioning netmork and nmeasures the

}:JIOQIE??TC' omg&unﬁ e%st%m(ffi( al%w g V\Sglmf recelver o ﬁet? %‘919%%13 (}n%cr)] tions 1‘5 rom

poSPSHeERg Sﬁ?@als s Wﬂﬂyaﬁ ﬁlt@arb@é w@ﬁtlwet@aqkﬁ ihesginsegehgputonomous

t | rebase eiwtks sohogot tonjfferdn)tingbdse] said podidast systare comprising:

POSi t i GNiaRGrayiof aubbBIoEEpoWMidntbls Retwkslealil &ﬁ{snsa%sﬂe rapmyﬁosmomng-
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correction into its posi tioning signals for

transm sii @Heast 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




iii) other positioning-unit devices within said first

aut ononous positioning network receive and relay said
positioning signals incorporating said tinmebase cl ock
correction; b) a position receiver situated near the
boundary of two of said plurality of autononous
posi ti oni ng networks, wherein said position receiver:

i) receives positioning signals incorporating said

ti mebase clock correction frod any positioning-unit
device within said first autononous positioning

networ k; i i feorearsad terad sytoomps positinde adttprrahdsaif firgaytapgrpays positioning
one Or nNDr engpdsd shd ObqagHkalicdlates StikebBscicbl @mactidal d second

aut ononous positioning network; iii) applies said
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recei ved fr QiorkSibrbrdl Qid@ncbad EI6uk RaSckidnl i@ s PitibHiHg Lignals for
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network; and 1'v) Calculates its own position using
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posi ti oni gsﬁgl%n%w%ks w%%ngaggosmrogl@c posi tioning-unit
devices froms secon aut ononous

posi ti oni ng nét EBFkEPienne gemals igspmeriingitid siadrase gock correction from any
different t | nebasé®nicaumit beicergditl sddditst aupadiotsipositioning network;

sol utions. 111 2. recBivdd Qﬁlh&nin@ Qé‘nmgfroaﬁégi& &l%r%l@ 9&%&1@ uhiQievices from
claim 11, whereif) &%mﬂmBm)om on recei ver det er m nes

its own p03|t|on AV T AR 1 ‘fbVT using a
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accordi ng to cl akiftpre of moprposkidyingwhiedeGdelrors &idGecfd Sitdnbrixs positioning
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subsequent auto ﬁU?FﬁfB‘é‘S pEdnng W‘”il?gldﬁfeftnﬂﬂwk@ siyedfisdiforn said second
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Syst emyag ﬁ]g @itl%gtsgnaﬁ Melmmqjosnglu@ 1% dclnceL ﬁ%‘.;npsalll %rst and second
wher ei n sal d osi ti oni ngiﬁfunl t devi ces

furt herau ?nroltg TE }a)smomn nctwipf%cs th:a grﬁ fyn To&%eti fo -erﬁfuB ﬁﬁtcianolﬁ uﬁenhfor
thei r pe&éPtB¥Rg signals. 15. A positioning system
according to claim 14, wherein each of said one or
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view. 29 16. A positioning systemaccording to claim
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sai d. netwo dent i fI cat
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15. A positioning system according to claim !4, wherein each of said one or more positioning-unit
devices transmits its own network identification information to all other positioning-unit devices and position

receivers in view.




18. A positioning systemaccording to any one of

clains 15 to 17, wherein said one or nore positioning
unit devices determ ne which positioning-unit device
positioning signals are associated with each

aut ononous positioning network from said network
identification information. 19. A positioning system
according to any one of clainms 15 to 18, wherein said
position receiver determ nes2%hich positioning-unit
devi ce positioning signals are associated wth each
aut!bnorforegtionjse et wSierdpg tosleimip miersiz sidrre T Eorghatifpipgunit devices
i d@atrinihé teaiizio ol rtfadnarciaktdton: cadQositibnifgasit deli@nin Vg Oy SdidRwork
acGRiiAG idr@unihal m 19, wherein said position receiver
can determ ne which positioning-unit device
positioning signals require clock corrections as a
resii t Orosiiop frgererstoeing oslai 1ver L pyherpioid pestiprirergjrendpiemines the
d e viigheof p&Shdk clodidngforshcl frakiging g davss Boled frodsaidindtinoricideiification
auty@hedEBls posi tioni ng networ k.

18. A positioning system according to any one of claims 15 to 17, wherein said one or more
positioning unit devices determine which positioning-unit device positioning signals are associated with each

autonomous positioning network from said network identification information.

19, A positioning system according to any one of claims 15 to 18, wherein said position receiver
.determines which positicning-unit device positioning signals are associated with each autonomous

positioning network from said network identification information.

20. A positioning system according to claim 19, wherein said 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 autonomous positioning network.




