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A SYSTEM & METHOD FOR THE M TI GATI ON OF CDMVA
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nore of the continuous CDVA positioning signals exceed
this dynam c range, the radio frequency (RF)

front-end of the receiver nay becone saturated. This
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provide ranging signals free fromthe del eterious
effects of cross-correlation artifacts and | ow
signal -to-noise ratios (SNR) in TDVA | ocation
networks. The present invention achieves this
desirabl e goal by transmtting positioning signals in




10

15

20

25

230

broadcasti ng schene. 3 OBJECTS OF THE INVENTION It is
an object of the present invention to provide a

position receiver architecture which mtigates cross-
correlation distortion and increases signal -to-noise
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to establish this synchronization. Additionally, rapid
reuse of the TDMA correlator engine on all TDMA tine
slots efficiently utilizes the position receiver

har dwar e resources. BRI EF DESCRI PTI ON OF THE DRAW NGS
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PN et PEIPRY DS Sk eibonta iy on fo T of donin:

apibdsoiicereand deterhine pooitignt vedngity end dtimg dP V) gelativm foi thaupositionjpguhit gevice
HétR@Gk. @n e EftioNifent; It PRilbn GAPAL &nPred m:caesingll«, REkiv RhaineDEPable of

0 A S 0 e
pgfifiable é?'E?P‘°‘éFE¥‘ﬁ?°F”@d‘taU?°@‘°{“ﬁé‘t Phyrgdify] qf Eede &m&n Mﬂéj}v‘amw EpMa)
Godetols Thisiagidly ibtiftablp botreldoiCadBecyebdiged to0s b TDMAL cOtrdator engine, is

yﬂébﬁa dJr @J?llclgtling ﬁT’ﬁSM 1943& @DICIQ rc&ﬁ lséjhques Al ﬁulaﬂntn%toﬂ yfth the rece thl’l of

e r at or engl ne,

frew\ P&ﬁ“ﬁf'?%f&“%n The F@’é Sg%‘aee”‘gee‘cﬁ'ﬁéﬁ%fégg’}“ﬁ on each
shssariartly peceived TIIYIA pesitidning h@at b@efmlwr@mboérfnent,mh@lpﬁmei configurations,
&asbmr@:mommsd Gited SoMA RtrekioMbngh6) rpfo@idammm@&@ic&&mhmMA

ipsi? onmgqlgna%%%luﬁ}n&ruslf ardi \gué tﬁerp\ésnmln re%nia WEr. A ;%yy&)op Eegy\%monygured with

FRPGA comster °"$H§If‘tpﬁ‘lf5’tF Iéﬁ%gahqfé?nn@@wﬁ%cawamsmd is digfinguished from
ﬁhamedewérosyfus gnique ability t Rutehoh&blp sydchir iz i theeTDY AR eption sequence.
'H‘[l@y)lnﬁgontéﬁﬂy i &g R S i%—cg\feﬁ M se @h@ dea.%iaadnomang which

Si rru t aneous arrive at pos| t
ERDEPRS e TRMASOrTRSs P o, 57l ST AP dhe ik 95pogitoning ani
dEEIM& correl ator engine replaces a plurality of
conti nuous CDVA correlators, and is distinguished from

el TDIM ADdefuerkce Bmyiich rh&ﬁnsi at:lﬁevhbrkiyﬂh’r&iiz’aﬁﬂnb'f iy THMA correlator engine by

h ' N .
H‘é Q Qe%ﬁ%ﬁuc%ﬁé%ﬂ&ﬁkﬁ B En%wl%agte o ﬁxe ‘FDMdE&%g E’c'iaér&” hppsigoning ani

hr oni z
@6‘%‘81’#@6 iR %‘tj‘&éﬁ%@f 'H%P@F‘H‘I‘%&‘P‘F é‘ﬂwﬁeyﬁs% Eqiyetator engine
istyia Peeqdoirahédin duliier PRNYxoG:delietiton todé ane Bigfe phese a0 willne the cgpicaligitally
ﬁ‘t&ﬁédvo@gllafof @ﬁfbs Be s E&%&Mﬁ ugcfate@g%lto{v% 'T‘Bﬂml-bpda&cast sequence of each
evi ces. sequence determ nation neans
achi eves synchr oni zation of the TDMA correl ator engine
by wusing a deterministic algorithm based on know edge
of the TDMA broadcasting schene, positioning-unit
devi ce | ocations, and the network time of the
positioning-unit devices. The TDVA correl at or engi ne
i nt ernal pseudo-random nurrber (PRN) code gener at or
code and code phase, as wel P as the carrier digitally
controlled oscillator (DCO, are synchronously updated
to follow the TDVA broadcast sequence of each 5
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positioning-unit device transm ssion, such that a
singl e channel position receiver is capable of
correlating only on the currently received PRN code.
As the position receiver |ocation changes, the
determnistic algorithmconsiders the change in
propagati on delay from each positioning-unit device
and adjusts the TDMA correlator engine start and stop

ti ﬁm&mf-l@ﬁmttdaﬁze SQ;EJIEJOK"EM th11 le%ga cﬁ% egaosx tor;]ltre,ecgnyefa!s aag&feg)gc%grelating

fidtd ept.lon

trans, m ssc Fr(r)cﬁt feERRe NEETRSEHSN CYsFivsn %Faé?ﬁ hagpgsathe deterministic
syAReHI® ARty "i!?cfé?"ﬁei i) mOFPgﬂ'ermetay e fagtemsitiantagr e devideBiMdjusts the
p O%HMA comélatrg erging)stayl a6d stop tirbes Tl corrBit®? aﬁt@n@tﬁ)ﬁ iR SIS0 ABh &eption

a oP@SjoliliARe-EriRASAY Bhsmishii, POSI Lion recei ver
|ncor porat es one or nore receive channels, each of

h/f‘ﬁﬂbﬁ\%’f"ﬁ@ﬁ a TDVA correl ator engi ne. The TDVA
corre ator engine is 10 conprised of a rapidly
c STProlpeich F@C"ﬁ?&e@d\gﬂtmamm«mﬁmn@ PRM)\ posiiidingSsRedIssin 6 TDMA
génakain@rscheife @ad pdsi@dn reddivd 'fh@'pl:s}ﬁolg %@év@plneoﬁnqmtgss&llel ! b0 receive

I
( m& AcCHARMNA incOpoHts a oM ?r engm na-l:ll Mfc%{r(?ggr grgine is

e{aniy e]gdl g%u accunul ato

Fr@P I, &Rl falys, psgeo-Fepflam e @’kaeﬁ%‘?wﬂ%ﬁm a carrior
\ijlglﬁll’hcofnf?@e’dp%@‘lafof ERF0), racchanpel) gpster Fine, aiDMA, rejaited @dc@ipatying mixers,
€ ArgumyRtoR) Y inGEBes t@idppbil thP bltﬂﬁtﬁm aﬂﬁle M&oﬂglﬂ& %ng(nlz &@)ﬁn tgea];uﬁnon

S mre qhé 'ﬁ)I\QA cdreidb’ e%ne%l:ogge@ §a§r| 1 Shatt th I %@@éﬁ% éﬂg}gles to a

pﬁ ntra proccssm un%@%@% 05.85' L Il%n r ECEI
Ve YAiiiA & Rositionegely P88 resisr CPBigMnsgs the receive
cﬁ’i"l“@’f a!dﬁeff&ﬁ‘gﬁhh’ébM@ eoroletprfenginm © Petint pccitbanidlial bopSihiatines

spletve foitle cﬁahﬁBﬁasteﬂtﬁkraUhe\é@u&@ngtohﬁe W&ﬁ&aﬂ@é&% sﬁehmﬁifnty with
Tﬂ@re&wm B&lhgltln IEahs IPMDIW(I:IQJ €l % uegce I}thﬂlinﬁlgn means that

synehr %mkgl i%ﬁ e recel v& osi t
stgnar s eV & Pelgeatinps apd T’Eﬂ%&s%"é e H%Ofd@t Reyifeningtajt geyice
nEastes, Hb‘!‘e Pogiénmaidnians ofiths eosiiergekietigpgrined froin)a pbdien, hadeiny Gn@BVT)
;’dtmh raed3) iffie Si5tk GMhctchadiel lﬁags@'ttﬁlelo fin tBJ}ﬁefé&@cﬁénIbbﬁﬁUn@ﬂe 'HWIA sequence
Vllnlg'lﬁl 11 s W, ] SI' 1 G artiv. fine L
1 0 Mp&mpﬁste ears§ﬁ a% alg& tg%p e&cts Lp atr glﬁ 95 %@P?‘S/%)MA

PoOsS on recelver ob

mS""’“’?ﬁD\Fﬁ"“ AN "Eft“f‘ad’i‘F‘ masiFcfimss Ip H@Wﬁ%@mew Hpés process may be
-istipt o %Qﬁ@wemdrmwmim!emhﬁum eferred enbodi ment, the
TDVA sequence determ nation neans conprises a

Seleivwos taFigoe it tham it Aeloteps alplBtSTINGS c@’élﬁtbrVeaémetlthﬁ' tﬁl-,f present

%Nbﬁ@ﬂﬂﬁ PJccpEF% T[Wﬂ@ boguh&mé fmi% pg'nﬂluﬁo &ﬁt[%ld& X:orrel%tor el%gﬁm 101 as

t
SHRAELI el L8 oy B ot 4y ) e

é‘BfTPWér"é"ﬁ"‘FPp Prgive Al dhepectts samplest W7 i mplivd W tob tsilgphase (1103 and
Qivdragrei (Q) W¢ Phokibe dhmBofIeMAS doﬁélhtoT@Mﬁe mraﬁdi‘!u@m&i i ﬂlg l-eEb%ctwe
lagrjer lﬁlt(erg 0S& Qﬁ@\ﬁﬁme ln pgée dn'i#‘aﬂ& @Bﬂa TJ&? lﬂ%g n.fnttjl o}igthe camer DCO
ostlltstcl»fom nﬁ er 8)?%: 6ar OVé ed © e i
corre Ot ' ERGT ME©rs 117 €186 arg pseruenypass @&ﬁ‘ﬁ?’é% 3 139 &1L fphich
ae i ‘0"“? BRI pREG chipREuentcy mpvidedebydthaPR @de fequenth ganéradr 112. The

- aum ef thedode oikiE) 120 W 1l hjprovide b&a:elatBDM%&c%Jh%le%L@Jqueﬁé]%sQﬁ to their

35

&Qactltreha%&ﬁlulg% @135.@'1’94' Piv relsgeghvg c%umuﬂiﬁ%v Iﬁ A:Ierfvecp gc&n th:é praol?eﬁsare

PR Syt c 07 i bt 147 R gl RTOne BAGPUAYS. i isr PO 1
PeRpbrets sveencmweraroem,mem@lecﬂme&woﬁs vid thehlath i@ 115nAIphpasifed
i 4 gharib@ Fagen dm B0 Lt kondcled vialhtBiae QIRRNENTIMA feqdeR€ determination
carrier DCO 30 109. The outputs of carrier mxers 105

& 106 are subsequently passed to code mxers 110 & .
111, which are mxed with the PRN code chip sequence
provi ded by the PRN code sequence generator 112. The
out puts of the code m xers 110 & 111 provide
correl ati on val ues which aré& subsequently passed to
their respective accunulators 113 & 114. The
respective accunul ation val ues derived fromthis
process are subsequently dunped to the data bus 115
for further processing by a CPU 116.. The carrier DCO
109 and 35 the PRN code sequence generator 112, are
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is a channel master tinmer 117 which is connected via
the data bus 115 to a TDVA sequence determ nation 6
nmeans 118. The channel master timer 117 provides the
timng reference for the TDVA correl ator engine 101.

The integration interval start and stop tinmes are
dnstog L e ghapel master 7 srvjire fre BmigeteBrende e thie SRMA Feigelpior engine

1418 Thegihteptdtivreintoal st andRSH Bities G dA1er@Ined BymBy TEMAY sequadte determination

?‘2&%@ £13 Mtlye tS @ule HxQ§te§j &a:WE]ttlnertl %@ﬁ%ﬁﬂ?} &an@émm% gegﬁf‘lmg and end of
G ior i, Rergig atse Sl A oy Sl R [ (ippRC, 10 e
§R1F>RN~‘= egereccgenfiaen Ha agererrmed fron fig GREd 1§ vintye datarhuell 16 prgmo the
thameGhtdertil®r M7 Rachibehkttt@mboran ibthfratioh inffvall WhéniR chaakybridsed timer

ma%ﬂes Ehle %Erarﬂ:ﬂ‘ell shaft %D bilik lﬁtth%ll&‘l: iﬂl':nrvalt PJ@H@I D 109 and PRN code

Integration | nterval annel master
I HUTE 1R oy SPRc U8 BPEBTR o e, thghe cordion of i
Fepdnbigyratien; of the icantice DEQ 109 dnth BRN: @rlq Se@encH@@erdt@ Y 12 thel ci2ii] noastefdimer

SEGLIRE &pGeN Ak alkped & Ihe 4 Kis {18, Cﬂﬁfai:cgﬁiilﬁgs {18 & 118 are reset to zero, or
B gg&l ngal vazilt!e,usgg]gm@ﬁs “tnﬁl %e &r}g“s B@bo D O]t.)C6 E@ﬁﬁN’RN cade sequence

r econ$| gur at

%ﬁ?}‘é e (@%'(‘—?rcé'f‘?f PCP19e a“{' W’éq ‘i?#af’Fﬁ‘\‘@l"e %fﬁ"é“l“{—’: {12 sqspniigyed and the
dctumuls@is U & sldeepisainie decannthtickpropachglootht dae salptedis itised] 15.

The accunul ators 113 & 114 are reset to zero, or Ssone

A3 BRIsan}pR b0 Jlocddd, UR PRS Y&U6 Ebﬁ@ﬁk@ Sncilof 112 tsd3Gentitie RLS She Bfpropriate

arri nd PRN co se e
S8 e B B S P B TR o o
Henee Hedymenery 155 dha sequgntiglPEY pedg cipsresipplied 4 the reeprogiyeonods mixers
2 Z K1 hiddmig¢dewith @i @éspectivh Gan@f AbEFIDAEI 106 oifuBC EB:Sdotidtiaf values are

'&mﬁeud@&"’}hesﬁr@%tﬁm{eﬁral'upﬁ\s écaﬁnggmn%?bcg?t When mhﬁﬁsl AAlsker timer 117

lgr ocessed o? e sequence gener at or

% é‘ﬁﬁmm 8'5d‘§‘°’3fah‘i§‘ I O Fsatclve apempaRys &&jé‘ Ly pgp their

Peawelaiop mliehie tie ddebupHa efiginthreesdes tydte €PPA¥gr armed by

the CPU 116, from a PRN code sequence bl ock nenory

'Qyﬂéﬂmn&ﬁh RitSAE U@y df adountiiiflibnGANR, B thiSie] dlaker SikilT @fte 1sQaphuh@ and

{

Juﬁl QH (}ég bgsgl(ri? IAE%hé?ﬁEéumnﬂ'%&g%é{%écg%gr 'lntlié %gUEﬁ? rgtds tpe captured

‘i’i‘ﬁ‘f“’r‘ éﬁasaﬂtf tger WA Melees and the acomplpedfnplipes and M@tww from the

TOMecomelhtori engibeI®1 sie g K &b 115N Lpthe preRised ekifr@imetthie vphagnaeds the

fm %el%tbrrsﬁéme]itlﬂ is tlfe%ﬁﬁ;J h@%le tI‘BﬁIASIn‘Q Q]OI llag%f fﬂé Tllt)]n.tﬁ posmomrig signal,
ration.in he. res accunul at.ors

SR ik B Dt o PR B SRR B B EH dat

bus 115 for further processing by the CPU 116.

The viemifiedERI4A ghoelpfonenging skown iy Fighre 4 only fnglkdss ¢ dnsleFagking &m, nofigeally

i rasuipe (P) 6 tadditidnil I’liﬁdkmﬂ. Arths i@ IsipPoried witlep thel k@pb @i prestutinip@ekion.

l%thp‘eg ﬁclgtﬁtﬁ%'l;b& L é.l) aﬁhﬁah?%ﬁ%q‘m% éﬁlﬁj Qigﬁreotil lgalﬂ? (E or Late éL) arms

ration inter
aEhelitfert wpERES W’ﬁ% rcl“E PRach)e, fpra Shea Fgmpt HE) éRf‘cu ?St @iﬂk‘“g arm

iplenphiativns vehod tHREaY1(Etaod Iate(1)&@s av af atheschiprswiingsivach asidbbAarter of a

- chif), roﬁeﬁl‘nﬁito(?a; ch‘iﬂ"&'oﬁgr canQJmth'o?recIubﬁ sﬁi@;\ aldWfo slﬂp’éﬂedl fhnﬁeh Q lurahty of

referre t he rate of th
BB BT B R S r%ﬁ‘fﬁgmﬁﬁ@a S R Pt
slot rate of the TDMA positioning signal, although

ot her selected rates fall within the broad scope and
anbit of the present invention. The sinplified TDVA
correlator engine shown in Figure | only includes a
single tracking arm notionally the Pronmpt (P) arm
Addi tional tracking arns are supported within the
scope of the present invention. Exanples include
Early (E), Late (L), and Early-m nus-Late (E-L), where
the Early (E) or Late (L) arns 30 are placed at one
hal f a CDVA chip spacing frdomthe Pronpt (P) arm
Further, tracking arm inplenentations where the Early
(E) and Late (L) arns are at other chip spacings, such
as one quarter of a chip, one tenth of a chip, or

ot her conveni ent or required spacings are al so

~ supported. Further, a plurality of tracking arms at
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7 TDVA Correl ator Engi ne Synchroni zation

Synchroni zati on of the received TDVA positi oni ng

signals to the TDVA correlator engine is established

by a TDVA sequence determ nati on neans that conbi nes

t he knowl edge of 1) the |ocations and transm ssion

t T Sorpplator Epeinerfanchmysiratibhni ng- unit devi ce

t Jyschowizatiner the re2ived TIEM A pBitibning Rig@Bdo he TRMO fontliter epgiw:i it ds@lished
Ebyrae@m %squ&bé ARttt AR ABknbihed rme A6k H;B’i) thi lmeamm and

transm ssnon.?uﬂ-ne tsllﬁtg Qf t?elfﬁséttoil'%ﬁqm“ evtc?]transrﬂ%ﬁ ét!]i 6%5H18réan§ my%e position
d@?*&' ARt ffem 2 pivigis vélesing me GHVAbIoluEM. 14 é) Pete ¢f dreshinps! master
bigkmema ktyh@nciaCeihserMATRq@ice idemibidMAmP@AS isttd ERAbLIRK the relationship

: %G&ﬂ'&ﬁ r@:@de tﬁnn:eof C&E %ﬂﬁl pomﬁug Elgrfafs % the Jﬁﬁel tn{amr "Gher. The timing

| at bet ween master. t1oer and. the
I’mg%'glﬁ'? gﬁweSE thﬂ‘f nnrbﬂmtebgrgqrtaprgﬂ? Fﬂj"p clngcﬁ éhe g‘Dll\@ posntxomng sngna]s is
dfetermingd trengh thirfobawdda selye f ol | owi ng steps: 10 1. A coarse

timng relationship is determi ned. The coarse tim ng
r el at At itiping edlavisnen) it B@ermildmhe |c0ars€rﬁ3'h§felaﬁdnsm$rbelﬁ&d tie Ripannel

rece pﬁlhsféptu&ﬁ' m‘fdrﬁﬁ r&% d?gi% ﬁ‘bmrﬂ)bﬁg’n &9&@4 1§ dér@ed%ﬁ'nyﬁg%on data

from aV|

TDVA
" posit ffmtfr% aﬁl‘&rfléﬁ Ir&fﬁep" tb°§1“§|s él‘\?ﬂ °“|’ﬁ“l°‘(¥?’r‘8t§’5‘lg‘"§‘§ the

t he - zewwlated dncRbebe fayd @Iqme 85 Gggeaﬁmathe: TEMA | cgiPlatay gpgipe at each
f rom fiagatibierval01r b Bdviditioh daBirbd kriitichloc@AE Aurinl; B B Lok @erval, the

| nter ﬁLﬁ hﬁnn@l Y AR «d %%PP b sto[» T@% of khQ e%gt?oH e are

durin e Integration I nte
chann ﬁ‘h@‘f‘é’F"”l"Wﬁ%‘Fe e shenad magsr ‘“E‘ﬁ éa"éet"éi“ts "%’(fﬂef“’g flaggpit transition
t i mesis efablishe, tharragriautdata bit dtredneis M@drogatedao losateOlietbezinning GFldata sub-

mrﬁ%nemfaax he sx@tﬁ%ﬂen EdntalfB I Rbitichin Bl kel feridix Inné §tamp at a

navi gat nsiti st ahl i shed,

novi OBt o biokt P2 PO e o TR HRCEIROD: eyted it e
t he benphmarized getwdrk epchotansmitsynichronpysainte franiisecdnd thpinginformation. When a
sub- f vaBd'Rb-GeRY A indViatdn RASHE bdcstad, 0Q etk titke3dmp AssbuiitadOitk the sub-

time @% bggnrealy E%Eeﬁ 9)%1 féamenga%er t%%ra Ja'magso :atsdtlvltﬂ th% hg't of the sub-

data su I oni ng-
t he 2@*\@&%@% Siblishing “ﬁé?%f“ke 'é'a‘t?hShlP Pﬁﬂ%"’hﬂ‘f mwh?!lmna ﬁ@&fsand the
dat a dosigoningignitatadcetnetivork gmé. M rretaivsship is diffvedasa coarsa ltiinel because the

sub- f&m rﬁH‘de %\Hag%ﬁn% pgsﬂ;oﬁ‘rebef\'egﬁ&: gropatgﬁgn &ﬁ}s\’i\ﬁ Bt known.

tinme ass can
i 1 ©op PR g i e ok B WA oo BN et o posiin
asso Gpca!w delws cémnioh ¢o alltreaeivedofzngidteoughi labouf hyethreRF ¢otapaneitsy and any

est aliefeys il 16 dikiAPor6eRRAES Crht bﬂﬁgfﬁr@ﬂ &IaysChPeSth-b@detaﬁLﬁe@ eélay§ BfBsed by
:]ths f/v(e)té tr%.?s%ﬂg}on dxf%ncnlabetw en?w Bors].lg' ﬁnu% unit &G&QC;S]L a posmon recewelzrc ©

I'sre as a coarse
tine because the 25 comon node tinme bias within th
po§1 t4 sppise (ping rlationshin & d%‘F‘@H‘éq Rﬁ'fg&ﬁ HERATISAS feq %%‘Wé’lf gositioning-
not laniodavices arflieriveddimmomeasmpalent tracking lxpasmningGl obhese @ tecdPU. The

of fs Qﬁésu&hénhﬁﬁkxﬁél&ppﬁéﬁﬁén% adofifnfod B1-pHase aﬂ&&iuladra%ﬁe (1&Q) data read
pOSI t g‘ﬁlgl% co {5 r engbrzj{s'{l%ommn L2 alé r ee Proces; Ccii compute a
si gn ‘B“r t ST ¢ RIS TSHEEHER L &ﬁﬁe ARy

del aysssnron velpgity, dimg [RVA) solyticn g Gingxgmporipng offire ppritigw tvelenity. nme (PVT)
del aysiutdh @& dnCeshiite U (e lebhitR Onod@idd/ GiasC AAE TOMAYsequbnde€ determination
transm ssi on di stances between the positioning-unit

devi ces and the position receiver. 30 2. A precise
timng relationship is determ ned. Rangi ng

 nmeasurenents for a plurality of positioning- unit

devi ces are derived from neasurenent tracking | oops
running in software on the CPU. The neasurenent
tracking | oops are driven by accunul ated | n-Phase and
Quadrature (1&Q data read _fromthe TDVA correl ator
engi ne. The rangi ng measur effent s are processed to
conpute a position, velocity, time (PVT) solution.
The tinme conponent of the position, velocity, tine
(PVT)
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35 solution is an estinmate of the common node tine

bi as. The TDMA sequence determ nation S neans

corrects the coarse tine estimate with the commpn node
tinme bias estimate, thereby providing the position

recei ver Wlmtrh preci se network tine. 3. The arrival

time of “Phe™FONK BT IIesHoRY " J15 Spemas madp gimp biescistnate, thereby
i s det Revifing thelpositien refeiven mith pnesist em@ork g | val tinme of a

TDVA positioning signal, the TDVA sequence

det 8r nihpertivabtimeveReEDNS baitibring Kigfils athekdd@vet & aéi?e‘&{?&.e%ls T ORtermine the
times ﬁ'fvalﬂ;?M@faﬂ@ﬁ/ﬂ\tﬂoﬁnzlnfﬂgsr%alllgtﬂaaILDﬁdAr &€ u@l}c% Xe%rmmatmn means establishes
nmast er,, C ransm ssi re

det er m nttl%mfssm HhE FOIR, stgr2ls éﬁ?ﬁ‘é%?l“??g‘“%‘&“rféwl gimer- The
net wor'RespisyiRe timesfarerdptermipgchrciny teprkiome ADMB Sioadedtingisthirhe and network time
devi c @fthe Pmbenited @ostti)ﬁﬁ]ﬁtmb\&Sd Qlﬂcett}ie'ﬁlsﬂfsm&l hﬁlc IQMATDMA positioning

05|t|s establis ree fo osn iy Stons
p lsrisg (511538 HhSrodoftiof AR dhe ! p ‘f ing Signa evelg Tespget to the

tine mas”ca pos] t on|n st gnal s"'w

the n&s "%eftw Ffe'l5 dptprrpine oRIsiEr pRprelctimeT tyeluenqssppigted with the
chann WT‘FSWQ fimeyig P@EtB@@SMKMtﬁQrOWg&m dehgbelien the position-unit devices
t r ans aidsikip@Riot ded¥Rerl Sﬁ&%jﬁﬁ{g@g m@ér éhmﬁel %ggﬁﬁe tge rCCe%tlé)ll time of the

propa sition-unit

- bas Q0 B0 Nenld & e 2Fs Bt b v o provided
c h ann8( ™ ‘{)ﬁaﬁﬁf“’"\ﬁa‘? biestroated thesstipstedl eatianiofiibe wkitianheseivel Bivided by
posi t hepsitg, Glegnaimei®/Testvadl i shed. The [ ocations of
the position-unit devices are provided by the

naw. gditeiabie ﬁ&etpﬁa:pieﬁeaﬁct tﬁ%ﬂ?alﬁrl‘ng Qﬁch?aiutmt ‘ﬁ'xg p(!ysft)'gr? 'irelom time
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POSi tslgnﬂswuthedsmltrttye chinhdTRastef iMd) sol ution is

conti nuously updated within the posi ti on recei ver to
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R e TTOMPoSER Pt s aRmpete i pcepdvemionsbRihfont-end, a
mdamgr BYNGive chaamisi @ch pdivotghclti enfiguie K\Iztﬁl@ TOMA correlator
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r
TMOG%A?}O& @r’g@% @ gFTo§ﬁ§%H§ (fla‘é&posum ing -Slsrﬁl in{jﬁ'ﬁ% to stipgly g CPU
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ecli manages
PO 2Bl g ey O o s it of ameapeee of v
channel is conprlsed of a m xer to down-convert the IF
to baseband, a 30 TDMA correl ator engine to denodul ate
the CDVA positioning signal, and an interface to
supply the CPU w th CVMDA code-specific nmeasurenents
such as In-phase and Quadrature (1&Q correlation
accunul ations. Additionally, the receive channel also
provi des the CPU with inforgation that is conmon to
al |l channel operations such”as comon tinmer val ues,
counter readings, and status information regarding
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the state of the each receive channel TDVA correl ator
engi ne, and availability of nmeasurenents. 9 In the
preferred enbodi nent the CPU upl oads data to the

recei ve channel, and subsequently to the TDVA

correlator engine via the data bus, prior to each

p]"@“g qumamqummg (Y0 4] ﬁpldaﬂktd&ﬁ atle .recc;fﬂ%hdﬂﬁep Gddd Ebatly to the TDMA
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e Rahiie chaitthC ak CE0 MPHAS iR ind Rhds MLk —P‘aﬁ uadrature
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P FRegh COERJ?WH with Hiparsiel chiemrelstof fres GREGMp IDTIMA rgjrelator engine.
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watbiDhebrbad Rope ahd dnfblt 6GHePleteRMvbdlLT VAl S On the data bus
concurrently Thi s enbodi nent reduces t he anobunt of

lrﬂh rJfé?rl:dJ n{ ﬁxﬂ*&:ew@r e%s%e#e trac Ioo A{] glrelrogq%eax:}’d\r/f%ﬁgpckmg are

cthl ng%ﬁg architectu
Pt EI2A 0GR THPle of thebRM fie slqs Ieerivde For exhmitin sgainntsiag fha Redio
Tgcbmc_gl Coiviissiorofor Mhritime (RN iptilSing scHeld\Eé PRN rdpbdt Period, and therefore the
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nex{Ipiipeontt. SThereforpi intlepbndewsimessnremepts of tRUIDPDASDSItE@ME Sgnaldfe oall fossible
atitt® 1 imiltisedoind tRxMEAS eIl Meishxﬂheht thabkhg L%pépé’zeq@ﬂﬁ 334l ?er[ﬁe or
a slowel I ro neasur ene

4 ltlgtg dwdnggn %F rl‘oa’mxchp Ie ug'e %wgpomanﬁg:f:w%| Bdus example TDMA

are col l'ect progr
breagding, sheme; BiR Jecaika SM. l\n@wseheﬁés trhdked TRWA hignalst treeking loop
broad scope and anbit of the present invention. In the
preferred enbodi nent, the receiver neasurenent
tracking |l oops for the code and carrier tracking are
updated at an integer nultiple of the TDVA tine sl ot
" period. For exanple, again using the Radio 30
Techni cal Conmi ssion for Maritime (RTCM pul sing
schene, the PRN repeat perildd, and therefore the
fastest neasurenment tracking |oop update rate that is
"possible, is' | mllisecond. Each TDMA positioning _
signal is pulsed-on during 1/11 of the 1 mllisecond
PRN repeat period and is not pulsed on again until the
next mllisecond. Therefore, independent neasurenents
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at the | mllisecond timng | evel. Measurenent

tracking | oops operate at this | mllisecond update

rate, or 35 a slower rate, depending on the

performance requirenment of the position receiver. In

this exanple TDMA broadcasting schene, the receiver
srermey & updeiti@sond [tinerohtetvil e THe r @eitiod ectikdinag | sgiambdusly update the
trtieBsi¢in e trdcEiM ararkddrdt E@U&E}f@ Fl‘ﬁ]\’[ﬂtpos"i)fm*ngrgiglullé 28&Y gttﬁem repeat
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b S1:8 it ol e 1D TRk B lan 101 N 1S
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el et A e off Ly Ma&esge«w TR orede sagyengeylurption gf lamiftiedond.
ThetTOYAradastingsciemy pulses eaddi COMY thadinbiter ik Q p&@iofalom tmRner such that 93
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R A o b o) i BRIt Eé F"ﬂr‘ﬁ 35 pidtran et e
Iiog‘fjld?ﬁ af(}?g{np prgse, fpljopprkby g reggising Bshlips impre given millisecond. Then

ip thammltlmecdd pariodipagsa ¢4 chippuBseid dhip, paukt Zﬂm%lpﬂ IpM0 chlps, pause 300
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°’S“8"s‘|“ff?’so ﬁﬁ“‘ﬂ@"’uﬁ o7 'é%g‘“y Sl Sl AU eeS3 s (pprocmately o1

ﬂaﬁﬁ‘mcel)@ﬁ)nﬁle DY comrelptes FrigbsGhhalkfry opewyie vih 4 vacibleftion and dump

ptriod SR hisp&Hod beln QoverhABS Kk &usakiG bf ReufEatly Q&[vb@ﬁﬁv{&;%n&ﬁﬁ% % al.
in duration and also vary in frequency, so |ong z

'l'ﬁé*mm c@eiatorpéﬂglﬁe% mﬁgg%@h B phddfe P Etoergg% ot CUE%H t(lj’au %gn)ﬁfﬂees in pemory,

y ven-one dcond r
S R T A e b o o BYM e
T@mr'g vgmg@suba‘eqﬂerhﬂm vapidly injtializedfor the it Piofi@nnied infediafth ptrldd. Ofough
thigkle KGR cd’iilulublls %ﬁ&ﬁ ﬂechz;mgﬁ rhcla&d infthe mm%&latm&&;nl SR ncpstormg and

40
mﬂﬁﬁzat%g oP tra mé bes Brm'lé)eg 51& ﬁ\tystg tragbe 918‘8%}' ﬂ’gynclgmusﬂ‘@l\@epopmmg

: 5*&*@hﬁfﬂmnﬁg sipgle TRMPAcorrefitne jengfno r Bracking BBk stdrédnfonsprodonCgoprahmed

inlgratds inkhalk fnclads ccﬂl@ﬁﬁh@l@dtﬁl&ﬂﬁﬁﬁtﬁbl[ed%ghm (bﬁO)tpmséand rate a%well as

he d
thg WJ] @astehéﬂgnnggunlsr vglu%s %?’th% i % amgsi(% tlﬂg%/s é)F %gl&ggﬁlag Ttell-vq}.l.}-’éedlctmns

°f1"E31\71& e F@I*%PS gﬁb?ﬂﬁ éatwslﬁs forppoming pecsrmmedsiitegratipit intersials are

comavigddlpl e i ntegration and dunp period, with this
period bei ng governed by the duration of the currently
recei ved TDVA positioning signal. 25 The TDVA
correlator engine is configured to provide the storage
of current tracking values in nenory, either in the
CPU or within the TDVA correl ator engine, at the end
of a received TDVA tine slot. Tracking values are
subsequently rapidly initialized for the next
programed integration period. Although there is no
continuous tracking mechani ¥m i ncl uded in the TDVA
correlator engine, this rapid storing and
initialization of tracking values provides the ablllty
to track a plurality of synchronous TDVA positi oni ng
30 signals utilizing a single TDVA correl ator engine.
Tracki ng val ues stored from previous progranmed
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the captured master channel tiner values for the start

~and stop tines of the integration interval.

Predictions of the code and carrier DCO phase and
rate val ues for upcom ng progranmmed int egrati on

I nt er iakisviu@ maté} Mestg?epyaiue dshoolated \ﬁ% dﬁeﬁ%ﬁhrﬁg Hrggrammed integration

mast er. .ch ue assocl at e
upcom némggoogdf JM“‘?“F{F% feaRini ™3kt er val from the

ZP uence determ nation neans. 2. Predicting the
code Fraetog fie ioek 21dserigrd R wlupsfer hwpeaming priggmed integration interval
pr ogr &t sthred teghingvilen Thistpedivtah is a fide@ BjishRntSE B BED phase based on

track mragnﬁ@h:ﬂz&%ﬁé’hh% HiiuE Gét\géeﬁ @pprév;r‘buﬂmgér{\ﬁn mterval and the. uﬁcommg

adj us phase based
t he n’g g egmrt%mmg“’“’] bet ween the previous

| nt ggr %%' on, i nt er val and the upcom ng programed
i nt &g BN™ Medksted sade ang cariprj DEO: vabes viith corgetionti serpiied by i eposition
and c&reaiverfacidEops | The positiol Fecader takirsildPSadfd R cb®GndYrrier DCO

t he pﬂ&tet dnd Fate Vaﬁ:@seiovﬁeﬁntgxrr ﬁngll( b e |ré28\l%§&1e) aﬁ d:v?‘ 90%%ntlgls9 al. These

recei 1 ust
D00 kb A by 10 R B i 54 i et TOMG positoning
recei V&S TDVA posi ti on| ng signal. These 10 adjustnents
are agglhpl ed to the predictions to maintain |lock on the

I Dkpingthes predicrd icovg andhrgar AICE. valdes tdddéobdl @dr 1 maccuracies in the
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t he p‘FSI tion recelver ti me-
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-~ (LO) ,meagigmintyarosiy sepaable o ettler paBibdingQuRit ddGicetipehdet@IehsG:i@Bent errors

net V\ﬂlhkpoﬁllxdiQEcgi@S&ckmgT&E§&mﬁlﬁrﬁﬁh&%e Jﬂ]%tlln&]lg lds%c?cgteg o?h pomF clnmg-

carri ﬁ;dcvm e%nc?‘nt measur enent” errqrs are
of SISEErBYE SR YT PRoKe I'p'lhwafwetiymwmenn the
posi tc?"f?ﬁi"'h@’ therrpagter ¢haphel tirger tiMiprbasecif based, on b Inatbenaddatidilel managed by

Meas uefeare Rinnify dnQke CRY). SRP Aladdiaical RN pRNBE o adjustment of the master .

p03| th, i e rement .errors

sﬁ‘”g%% Aieee A3 0 O R o ek o Btomneyi s i
t h e @‘ﬂ&%@%ﬁﬂ%t"edo%%cnmedb@tcm isterged tagdig with the time
devi é%e@épmmmpmﬁmrmmmeser rors as descri bed

above. In the preferred enbodinent, the correction to
Steth@tﬁmddephagehannel timer tinme-base is based on a

aged b software running on the
@L}j&%%‘i% lb‘m 8&“%?‘6%%&“%#%@@@3% sefgip the
TDMA cprelotopgnging, werﬁﬁ'mwltwem gampretes-tis £BY cdes tal degprmin thelvodelplase in
rep thre-Wid s gerief oftlifar REILMR IR Bbistho ﬁJFBR)O Mo @&néérlhet cogeeﬁﬁhsg &Re linear

fek(ﬂ»ac% %ﬁﬁglﬂér; (%f-‘%i@wc Xn%% ?gell{rgla&?t 8ro ? ngga r{ele\tnw%/ %5? ﬂ)ésef+aﬁ% with

osci | | at.or |

refpsE do G nop %E’Pﬁﬂﬁ?‘l@‘%‘f' p¥&s T ipprisioning) Yignels wlewing the code phase

. geBetted by g licrdfee@lackeshiRegser (CRER) o thesodrreaf phish ﬁar &aaﬁogmcwﬁgmuon

inREralSsiot padsibit BRanS AR Rinde | kedEired cﬁa%&@,k&@ ha &L!p gnuch Ionger Ahan the

paraneters are set in the cor

traditional receiver generates the PRN codes that
determ ne the code phase in 30 real tine wwth a
series of |inear feedback shift registers (LFSR). To
change the code phase, the |inear feedback shift
regi sters (LFSR) are advanced or hel d constant
providing a relative code phase change with

12
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respect to the incom ng broadcast signal. Wth TDVA

positioning signals, slew ng the code phase generated

by a |linear feedback shift register (LFSR) to the
correct phase for each programmed integration

[ rval, i t possible because the tine required to

C Eéﬁaaelajfi%"é g"(’: g]g%‘“ Sﬂ%’é@ pirigd. (Thasforen diffreptimethod foreping the loaiim DCO phase
t Ff&eauirpdinthe preseny inagntimbl e in the TDMA tine sl ot period.
Therefore a different nmethod for setting the code DCO
pRegpeesentiyentigrpuivided niethod 41 dficars ﬁﬂiﬁly gﬂaa&@:gé ég@choTJlﬁ:e in synchronism
PiviEStRd Yhcomiay BHNIA Q8Litibdi RV = eVl t

r ﬁpd'f dl ¥ryRgdate he c?%ols EEF%B% v rAEF Ierreré%ii eﬁg";& ﬂ?"ﬁ%th':é%ﬁ&???e aupges for
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Ghpatee inSnemd Gas THIYHVaGQE bEb@E | s the P .
GRggs sequence from menor y(ﬁe\nlﬁ)%ahl{gﬁf%t gghrglgga[ﬁ ? 3?{%’5?%? gpretation
sequenci ng of the linear feedback shift register
LPSR). .Fhis provides the ability to set the code

G EQ p y
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requi Ting a iR thal™s BPCest s Gupfinpgusl caltorenteg oalipwingrthe [pessetting and
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tethoes TOMRAMGD Fel@eénOdt 1R RGHRE of 25 addRidhal B | t PRAL
PRVBILERRIARfe e BB L2 utg,gdg sengia B8 b s
the currently trac SO iy fraflatr greitiey e d
#.héi‘m“ t,’t t;oe current, 15 _integration interval, whilst

e ot hef s “pre=tig te SRN o sengmpignety therrerraoioteacitiigovaluesgthe linear
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drd dropdd \iBdemory Wiin e QPOS A s lesth SR al ternate ,
ahd ARG JLhe t:]@l;]gzeé;et {yi n%eand S\fd\n%kgﬁﬁ)gls pé%raf"ﬁ'éda" b TepRgrined
O e&éener at or S CORY ATHY it Aie rioaed datorthe tinearofeqdbac shift register
(BTG Hepatomif the erar BRYreade general ecials libdaefosdbionift register (LFSR) is then
af@uped ;zmnm ﬁunigget@égﬂﬂ{ﬁ@l prbse @&E)%SI alk Lﬂa@ﬂ@lvalﬁﬁh%l&ﬁg%ely, the
PaVZYa Y AT=EaTaY AP i.on code gener at or
facilitat legg t hre( r gz?ag r gsgtc)t?ﬁal%%'ﬂtrvﬁlf“i'\%?i’ee&fes the TDMVA

Jelator. engine. 20 To aid in the process of

Rgf?'é‘[‘gs ert] ﬁ‘&"’“tn‘ﬁ deinlepigetn TRWA Forelaer epgine2Abconfigured with a switched
PRY sanepas generaipnaghe presom invéntienahe rebapeul ACkDMApdkitionind Gig®l © provided
tof th~SBRYA érelatdPengiae 20128 inpht SRE sdniled T8 stk %%é{)n?eﬁge%gmﬁ%{?)?{nm-end

by t.
o ?é%“*né“%’ ey TADEE Vi TR SERER s v aPphoy dia sampos 202 are

SUBRISY P efkeinwhsedD B93and Quadimiun Q) 2040ncking armsloffie TBIAKBIkEr engine
20w aprmginell DUISIrggpentive chrridi inixdked o8 R06Wi e RRHEE b %Qndtd?lgdranfe Q@

‘ 2d8ic5hﬁﬁﬁent§ ﬁﬂg WD&G (;9t Tﬁeeo(airmﬁt o%ga:ﬁeﬁllgil;%s? 5 g:zh%%? s}u%:sg%lg}ggwed

mtcEG%{l{l)x%g- eé ERN( ode generator a t
shi r é‘é’u 31 Whighregrixed avith fhe RRY cpdeyehipcspauende prineded g PRNithok
selfits 3k The quiptstol hepdd miaet 210 Kai1 Phés eorelhifos Odluct Anibi MR subsequently
predicted value. Alternatively, the |linear feedback
shift register (LFSR) can be reset to a default val ue
between resets. Referring now to Figure 2, there is
depicted a TDVA correl ator engine 201 configured with
a swtched PRN sequence generator of the present
i nvention. The reception of,,a TDMA positioning signal
is provided to the TDVA correl ator engine 201 as
i nput data sanples 202 froma radio frequency (RF)
front-end 30 anal og-to-digital converter (ADC). Wthin
the TDVA correl ator engi ne 201 these data sanples 202
are supplied to both the In-phase (1) 203 and
Quadrature (Q 204 tracking arns of the TDVA
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201 and are mxed in the respective carrier mxers 205
& 206 with the In-phase (1) 207 and Quadrature (Q

208 conponents of the carrier DCO 209. The outputs of
carrier mxers 205 & 206 are subsequently passed to

(bgsge% tcﬁh@ﬁ%gsﬁecl%% Qcclﬁ‘nu?agogs 21:¥\g 2?11 T%rrgspegﬂﬁlactc?n\g%ﬂongglu\? gfn&'ﬂ[ fB)fn this

code ch IES uence provi

PP 4% nf“gnpfﬁrmf‘ﬁé%%él wutther pracessime ty RICHY 16 Tihe cartier
d5Pr287 wé p BBIN vk presst selvioc B17 careccogtvlsig) e 0P 316 vih hef@s B d1s. Also

tpavitiddes 4 chh@s ﬂﬁ&&"tﬂ'ﬁ@r ﬁ@ Glh'im»'is AdnBdcRd 212- ?he &atezgué 2152- & TDMA sequence
from

I n val ues
d&&lﬂﬁzﬁ{)ﬁ Xa@an?‘iﬁ“ q'ye c mastarutuner &qf Browfx reaeéepg %@ @11 gw TDMA

process are sub Seq
F‘ZS?““P&FF%‘W&P‘ EP%@?&?%@“WW& AR 2imes are Prierminert by the TDMBGGuence
2QImipatick medPRAI0EiaRe Pr BS Bibsted €hait Gifier 218 and Gk eBrBH NtoinGde! Ak the

béémﬁxh@an@?ﬂd ozgegépt‘i/oh Ny &J}ﬁ‘)ﬂ@ (ﬁltlm 5%435 A BkSRn i O\érllega% 2'0 and a
co%ﬁ‘? mas termtl ner . H@E i S connect e(fgv f%]
S PR Sdas T84 ! Spociad e P! ot Wty B TR ok
82?;9"’ 2this cenrfantdep almsttVér selectthy ouRSHS the diwst BRYS codeeper@arCR0 or the
Sccamil YN feade gededod EXWHn setirdn@loatvl theBek Bi8e dOdkeh ikBGation interval, as
He&t'ng&ﬂ %} 'ﬂﬁnfdhm &Eu\éa?cl: dé&ﬁﬂtm@ﬂ&n? Elgprllio'r to tﬁe tfqﬁannel master timer 218

S ] AP S5 o BB Al e PR s s 17 pogrems
1 BRNemedelfér phe oot intedraion imeriv4l intohwdichdve gf th FRINGoda Blergtorsl220for 221 is not
MRESPLiQRl 19 fthel PRR ﬁ%a&pﬁzt foP RludRGhive eemaé durfy fob El.ﬁltent a&é!ratlon

iﬁthQa? ¥ gﬂ&x( gttfgsﬁ Plg!\?ca)de 18y a@cir e'C 9 d%f a?l{% fréc & e%@é{lé & laqut to the

are_conf
°2‘ile7m"‘°‘l"h7é° lﬁRNIt FoRgurentin ﬂ?éJ?Pé’cilé direpts she PR cserla fpiegpt sedeckort 217 to pre-
cabfigae thateone PN &aé @ oskatdr o v the Wdre@ PRI BRte felnﬁr&t foﬁﬂ\leﬁ Qﬁ%%ranon
iBE0E TRk %@%%Quaggn Jisb %clmﬁeaegl“lg F\'gcef %Nsl&lgr}g% q’iﬂ ode t &e c0{rect stprtmg

nchraonj ci y e ra
%t{og FRgULFEd In that'nexs é\fegptmt H&H’a‘b’V“stpff’éessl’E)ﬂnﬁ\mS‘@(ﬁfé ﬁ@@the TDMA sequence

t@emtrw mEans 31 dvisaniss Bd Sart find ofra suiBedidre inR RN BlervBRSith&Izh other

sklbctt® e d1B6all WRAGHY bREA P8 ard aMEH o@ﬁgﬁgseérn%ﬁontl nme of an
integration interval, the PRN code preset selector 217

he.,next | nt £
B RN N 020 S DB b SR B s
Py () amn dicous! Exgbipecivns 3o SiPagt wlingle 478 oPRNPIRIetdhveaton
Esaripeindwde B4R (EYPoute (L), hrd Shriyarhinug .ate RRLYDViRre 4@ Bady (@) drl@e (L) arms

a&twaeen;t dnmagaaidmncmd BHaGieY @ ttllaePr&% Larf @Jg[ é&a&%@' arm

ene 8 sel cted b rack
"’i’% BI0RS He1e %%a%‘i’ ﬁ‘%““&&*&@ AR &P & 0211@*1'&5?2% such as one quarter of a
clmbﬁe@nﬂﬂl efrtchip, or ethyeco@PuiEnP drdequiied epatings drévgso Rippérted) drarth; Sxsiwrility of

13

- tr&eRih S arilitaly dpRinP i denSif MilivEtbR Bie bBG s S&Q&%bf’ E%’H}l%%gﬁlon

generator 221 with the correct PRN code requi

A[,‘Fg,tlg,eggtmwle,g&ﬂtnb gi?mﬂsl nterval . This pre-configuration
so includes t ocess of stewing the PRN code to_

AE Bpltiog &‘?@Eim‘fé’f’d#etpf’ﬁwﬂ B VETEY et five pullisigntingamatian to fransitiopedipetly
injorat sprghrextized modervf epenativh., InTthdsscages, Ole:gestioh Secdilet @fuired @6 rRRACTOMA
p&ﬁl&lﬁigtsﬁﬁlsw %M@ ﬁ‘etwdii?& ﬁﬁo ﬁnq ReIEAD Schfeves ch:omzatlon

e star ent |nteg
rRBE D HINR oo A Rt e MO o {6kiod i st
S"W\‘et“h‘iq'ﬁ TONA nofitatle sigroktensmingd Gombire obifio tobigonjpe-ertaiatices in-view. At
this SR RF the Bearcl (t6oes) tidRetwolkafhe BhiMile CONA BlodcRling QEENBESEROMIMA

in Figure 2 only includes a single tracking arm
notionally the Pronpt (P) arm Additional tracking
arms are supported within the scope of the present
invention. 25 Exanples include Early (E), Late (L),
and Early-m nus-Late (E-L), where the Early (E) or
Late (L) arns are placed at one half a CDVA chip
spacing fromthe Pronpt (P) 2arm Further, tracking arm
i nrpl enent ati ons where the Ebrly (E) and Late (L) arms
are at other chip spacing, such as one quarter of a
chip, one tenth of a chip, or other convenient or

- requi red spacings are al so supported. Further, a
plurality of . tracking arns at arbitrary spacing and
density fall within the broad scope and anbit of this
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At position receiver start-up, the position receiver
may not have sufficient information to transition
directly into a synchroni zed node of operation. In
these cases, the position receiver acquires and tracks
oning signals froma synchroni zed network

?osmomnlpg) tﬂg{gh lsr?&t t Theeefpreo e TRIMA serrsfatanqagine is programmed to continuousty
Sy’ﬁ@’lﬁ? Ahthe gneleamique Twmgnqmng h:gxalTDMﬁn@yE Gthe @NicgidditioNhe position
pr@tessarrofatthPRGikatitnAa ﬁﬁnﬁﬂ&éﬂ%m kR bdghiRh | ﬂaoglﬁ(ﬁlmg u d@RRYo determine

S&Qﬁ&mgﬁlﬁddegﬁeq Mngnlg élogl tl§1§, ﬁc’nl e d$P#'g:ﬁq%ﬁcést'ﬁ Seﬂ‘ﬁ@f'e The transmitted

transm
nawFat"?n F’ﬁ‘g Efﬂ‘f"’(es tepiatianon jofher pogioningagnit devivpssin-sitvagrd tipdr respective
t%@‘ ogées prd T DA e E stingtsty@entes (MOhdir tizhsiBsicaRihe tiRg, dhMihe first TDMA

trosmeiag Sigian s SRAUSRRA aQé e '}Ewg'ﬁ% ﬁ%ef%%%d,t th
5 Posnlng} receiver can
%etgrﬂ@e 3 c!)aﬁe pe?worklslme\g] f"S n%vﬁgﬁ?og :‘{%i) u’gnr, gombemo? %,flcﬁ"’fsé nwﬂf fiyae and

Ine 1s pr
glileglaﬁ}bcqﬂﬁ % @%$m%%@@1qu HIPfYLA grosiriogjrendignal [Pravide) the tilding information
Stagiged foh ceuspncBrbiain of tﬁé’lﬂ)hﬂ@&*ﬁlht&@ngmé %Qﬁ' ré(:ﬁ&e tu'ne of the transmitted

. Is@ﬁa@ ﬁ‘ﬁ@gﬁgﬁes?ncﬁraﬁza&m{elmﬂ?& g osggﬁ %oe%vgracgns- ?lmrg sﬁaﬁt@mlg on thlg received

gﬂtpos;gonﬁ): 3 | oni_ng- uni t evl ce

posT tianT Ng Rt e&"é"\/‘i“’ﬁ"é""ﬁ PR Wiquo AR pesitiopipecsignilethe tracking
TINAKters oy dles st FPMY pesitionirezrsizaal arf Rered b febonek rﬁemory, such as in the
OBV imgidry. OThe GBMA céﬂeﬁl@r eﬁﬁlﬂa\éhm& Ua&fté)&lmgt ITBNIA%osmonm T%nal when it

[ it devices in-v t he
A el o bl et Y it ey e kot
from, B mewery And; redigting [ths trggking @plues far itds subsequént Tildhdfion period, therefore
posssitg tersbqyitien aghsadrch pR&ssheen acquired and the
navi gation data interrogated, the position receiver

mank pr&kﬁ%ﬂn&%ﬂﬂﬁn@on@%ﬁé%m@ gﬁéﬁﬂéﬂkls taéh?&d {4 %’Eﬂe ﬁrs? cg\Dretf(posmonmg-

The, c I on of coa
m\&"%ﬁéﬁ%‘}“ﬁ SeBhf %EF&@'?%‘?‘ iRt spine s A R pgpied moce
of BRI IR0 HmehrB i mgdesograiely pratshes.detuirds gnd tiacks allpoditiohing dewibds @kview
fidih infoopaticnexchuied irod e GiRt ﬁﬂn&ﬁh@ﬁhf QWibeZ Pilel AR poQ:fnon‘nE Gnit ¢ passes

ifrfQind.

tr ar?gdr?lq%g?g Qéﬂpco{ieg lﬁihl S ct(')"éer%g i?ﬂ%ﬂ?”o‘ﬁ’f‘?ﬁ% “gif devices to the
ROUYq) reeedver e r{“h'@‘"%@’l detp. Jhe pogitiomireseiver vsexthieifatmiating to synchronize its one
08 oSt TRMA @irdlajor engintshe the aaedrk BOMA blobddasPR SRl Glckly acquire and

EoYNe] | @J)smorﬁi%fugif tﬁvr&g HL“etv' ﬂgh@pr&%r%@ Qn%oé‘l men{:1 Em Wlﬁw Qf’l gﬂcrqsﬁglds will

0Sit] rac ar ane
b? d%%lim% ?%T%ﬁ'@f‘@hal are st ored in position
receiver nenor such as in the CPU nenory. The TDVA
I‘b%‘r#‘@?aafwb@wgmnte aogiyifetasprons upiqesKTIMA pokitionfng sigal iF-DRA the position
rqoeisr biilaesi thegnatipagénadats \Weygiredi fomlihe ﬁ:@tx'fbm Eddﬁ:c?mﬂg rligﬁa!i]?o ;EQM%antly
dRACGRSIFRAGYoR GG &F ’l?é/ Tﬁﬁ%&ﬂglgm 'Fﬁ%lli? tﬁea coﬂH %as t%af(.)]{gthe first

g | on
“‘f‘?w“éc‘{i’r”@"ck‘isﬁ‘ﬂ’“@éi%ém% fts {ip¢ slots psing cthputeaekting] inforungioatsiop in CPU
mexeqry, ekl the breand fnique TDMIY pasithing) sigaPduaGOp @.hziuiu@rtma Rfdts. When the
ses@al TMA "pﬁﬁﬁﬂlﬁ snénﬂ it %wﬁﬁ% rtl'l’eean H&oﬁi&”ﬁ mtérr]p%ateﬁ the tracking

para?ne{ers?org\ £Co QH)% omI i aa(l: ; evre e

© FETF {PUA PR oning el ere edéﬂ}sbgqswndwmwgcgw geredry. The
T'Pl}‘fé cQTelRipr engingravitehes| backBiibe scond EDXA Qositienigs sigeal W&H@Eﬂlﬁoc&ﬁ ifthe
TEMA bhtditigeeuditty loaﬁ@ e u'agﬂﬁrlﬁi;dngmn story iy Bﬁ ngangglgcﬁctmg

e and trac a

‘“%g%.ﬁ?%q géé?éﬁ E°yé“§’ ‘%@"“‘S"‘“’ 80, PEOg ASFIR PSR o peaujzitig apd gparch
fromthe first p03|t|on|ng unit device. The first
positioning-unit device passes information regarding
the PRN codes and TDVA tinme slots of all nearby
positioning-unit devices to the position receiver via
the navigation data. The position receiver uses this
i nformation to synchroni ze i{s one or nore TDVA
correlator engines to the n& work TDMVA br oadcasti ng
schene and quickly acquire and 25 track all -
positioning-unit devices in-view. In this.preferred
enmbodi ment, tine within ten mcroseconds will be
adequate for initial coarse TDVA slot alignnment. In an

al ternative enbodi nent, to acquire a. second uni que
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determ ne which PRN code to search for. The TDVA
correlator engine is then configured to track the

first 30 unique TDVA positioning signal during its

time slot, using the tracking information stored in

CPU nenory, and the second uni que TDVA positioning
Se5PiEl ThitiPrpoay it rensatedethranieh ilh ayailablrd DMACS:. sloMfi@ inttl BB of the available

SEROpbsTDM\sipas bre h‘ﬁmemﬂld Fhoatditowise t@eCtQHﬂ)ufaﬁ&ll oflyg)sxtu!t?levelocxty, and
naxigas Rkndata is interrogated, the tracking
paraneters for the second TDVA positioning signal are

S Ltion recejver CPU menory. The TDVA
Pl b {1 PYSEA e Drata S it o et o Prowpgaie,coase
[%tg prk F“B‘ﬁi"ﬁd’e S4tisfeRt| to %ﬁ'éwetb%wmma_ of the tegived TIPMA peitiding Fighal without
bﬂ@'&!ﬁi@bwhg reﬁcaﬁue&ﬁﬁutwﬁlﬂl ﬁb&ddm[‘@lohﬂeanﬁ {1 4/13 golutlon For example

hﬂﬁe.‘)x\’efmikb@alro%sl%c@@ éylﬁ Clac Et% -eurrI]IF %w@ets éwerF glf go all blg within 10

tkﬁomelé' ng t}]/ ues for "t ey

AP iRy SR et e “&E‘Eﬂﬁ? Jrepretion afh’dy Sould ¢l linigd to
ﬁﬁ’%@é@'y 33T'h$rsse$9n¢bcb9§adltsﬁm1mé Qomgisstoh fooMgHimaRTCM) pulsing scheme,
- gagmpulsa bBineslot Eiblpict 91@0@[&@5@ Th@l@fo}érﬂl inls c&L, ne ngxlrﬁtme dlatwe &ropagatlon

@NJOQ@I‘GQ]RT%SP&&JH% 3? EP tlp 9 B {n {q}seconﬁs thg‘nglgég%s;ngjﬁng signal, feaving

acked Ion o
% erf“fireslef OE\WA posmonfrg ﬁxgnat tpgop)elag asaingti Althoughjthe gnsppatswEng result

@nd@vead ﬁlgqa&{)-mT@Wp (SUR], the 6vetall GorBlah Powel Bss &Gﬂ We 'il%gled 31361 is less

e dpa\Usigodd A ld@l&l@w joll re

T s:&j& Hi]?f A Id el% ct@ gﬂé g%tﬂ%Q%auoﬁ Qﬂ% z:gsxt o cewer afnli ﬁﬁ location

recel vear heonized pasfionip ot geyissstrasition B’Li‘tf"'lyrsléfﬁlﬁ?l\"‘i‘sﬁ’@?dc may

A bW jtifnp ding the @¢ayisitiontapd E&sh{mmr@m vhenl the fh@Sdf tarien of the TDMA

gf;tﬁlc)mﬁlg bighals il;l Bldﬁcﬁehﬂ'f@mt{eﬁhg(}acl&@'rddhﬁeﬁlﬁhts oFﬁg po@ﬁﬁ%@er Ful-tlflermore as

nc.nr.o

C%OS II\{_‘I‘E %dr%@% gggnaﬁ Qré 903?"8% gac\%e Xﬁ]ﬁ%%ﬁlg%ugn Jg‘a |mteHggaWi lﬂﬁ k.hewledge

6“"“"?{4‘ 1"6??& o wceiypd Ymsof pagfs TN positieningisigeat is refied v fither mitigate the

Faxdorreiriopeiion ag dciesthoNRAYersh) ikrBhsi@ihd [LoElildh @ddeiveperformance.
approxi mately 33 mcroseconds. In a Radio Techni cal

hisphra: &Sgeﬂﬂa the @651&%{3'-11‘“& mce@ m{ﬁ%na[yf' lnﬂy QQH‘EIQJL$EI? Phé/g‘cgll ]ﬁl%nomena

9
| \HM‘L %ﬁ.tstl,;s t'e%gvgcg l'l‘BQ/lﬁgp%gtlij i!n%erﬁ' I% é%% Iru{/)%e?f? '&S’ﬂlﬁﬁ'atfr?eoﬁlf’t %r éwysncal

% BT Phalscayse Otlf PeRRl fegsation prickyds smgch@@zamn erre waliin the positioning-unit
deniices, @mepipricidlap tontib@ingME pRRGAtn QBYNGullja@, rl&i othel' aaui. N&ing the
28R JEE(.QBQ%&{&QM &cl{ﬁrquel— %oﬂﬁ%h(% o?ﬂésp g:gar%?gpmpa athn dWyl erfects can be

LGOI E | ate agai nst. Al th
PESTtTt in a lowered si gnal-to noi se ratio (SNR), the

overal |l correlation _power |oss fromthe m ssed signal
Npgnallye dhe acquisitiop procgs is tntinagy vnhilesuffigiant [uailple eT! D{wﬂopésﬁdg% sinals are
adglied bl radikeMe comPied foSiibn, Q:felo&(? eampﬁh%' (f'\bﬂ Qohftl@zp Y &Eltl%n@h&g/ and
t[:gé;&’%tl”l %ﬂ%no{;}tjcg)ub%c?nttpat%d z(t:t ar'i gt[}noe §tf° F%ﬁ:tl%/r@mggs?o Er+efz1 )e;t least 3 TDMA
P "Wﬂ’ea"‘iﬂ‘ﬁif’ d@& pesitian, velepity, @i timedBY ) agjutioh & required to

esamquﬂlssotcaltemomndn ihdda Gid b wﬁlﬁlﬁ)ﬁxeﬁﬁltim&ﬁv& h@nc& ih%m@htm mode time

' bl%ﬁf dsiribted Qﬁe pt)nﬁm ;E% mxﬂ;ﬂl%els L Frgcnsl Qﬁmﬁé %n Fhat otk { 1me %‘F Brﬁcgsle %Q\tvork

eet tracking requirenents
‘"P"e“'é“e'“*\?é‘r : °°f‘-"EfP‘1“Pf’e‘if 8 ?‘@fse negwork time mvm by the mrreﬂwqq @f the navigation
datgi ¢q gpramegr wodg digpelibiag chpd pesisiorimgdsignal noopbgaitin I deBy@ Vikogathé @étwork of
data interrogated, the know edge of network tinme and.
the received tinme of each TDVA positioning signal is
‘refined to further mtigate the 20 cross-correl ation
effect and increase the SNR, thereby increasing the
position receiver performance. Disparate ranges to
the positioning-unit devices is only one of many
exanpl es of the physical phenonmena which cause
recei ved TDVA positioning supnals to be in an
of f-nominal tine slot. O hef physi cal phenonena t hat

cause off-nom nal reception include synchronization

.errors wthin the positioning-unit devices,
at nospheric delay contributing to the propagation
del ays, multipath, and other -effects. Using the 25

%aboy_e de_scri b(’adr facqui sition techni ques, any
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mtigated. Normally, the acquisition process is

continued until sufficient unique TDMA positioning
signals are acquired and tracked to conpute a

position, velocity, and time (PVT) solution. The
position, velocity, and tinme (PVT) solution can be
ORI it gevigeh Procisemerveti Fneriowsite spclgenizatiot bRk nfasied RS timer with
whenw itowh easdrk @nc B podtbnin@siitbbvitl Ng si gnal s have been
acquired. The position, velocity, and tinme (PVT)

SAcuHitd 10&tidnSnd @%J fc%et@r%me@o?ttﬂe%tﬁn Febe?vensb?r \}:g l l'%q]a Cp%s(?t-ghmvglocity

I I.t1on recel
r@ﬂ&jﬁm d"z@ a&iﬁtlton while EhB i;ué%e cFagn g'ﬂor e{aql.f)é 15'5!5gqolo$1@w synchronized
r‘E‘é‘ éﬂ“x?@ﬁ‘“c‘t’fﬁﬁd‘t A Signifiopnt progenertdn feprivedsigfl-trmisnerik(SNRIIRobserved
Thé @ thy ERMS ccomddton@iigine ohlly gty ol B Rrticiar @Rﬂ%&' Wt e Respective

q:f)sntol"ﬁﬁg ﬁ@ﬁr@ geuﬂq{c\é\?@&i Krehd lg%e%m gggatg‘ enﬁuﬁ ecloes aot mt?%rate Bawanted

0itmearnro 9 &l e navj.gatian
o as Ko S ‘i'"oPﬂ“H‘@““%‘P‘@h%?I‘"%ﬁ‘%ﬂa’@ e RS bgigesreceived.
f F‘Elﬁﬁ“?ﬁérwﬁrﬂkﬂ affacts 416 signifisantly witizaed.-ouetininaebaviirel@ Hue to the TDMA
orebiosegimaiotimegfatihd FRE caded thi\Ge thaifnill BérhSRPpoLidning [Ilth!Ew&Jq €
master channel tiner with the now known net vvor

(hf thé iﬂﬁ‘erﬂa@ %ﬂnﬁddﬁ'@ﬁtnﬂe éﬂanJl 38y 'tu‘ﬁ&%oll-«ﬁ&%o@ selonégr tho%llasequence

ositl on rec
ﬁ? 61':peat F]erlod angglg retsqh{gﬂl of a%f;ha@fﬂtugsterm ig gs fige, ?rﬁwr}han the resolution
§fcﬁ‘°l}taf'ké)’ﬁ °99h i#decarribr D OG5, Qrshapheh mme titldDikblomentatias are @lko possible, but
EBHitE relfire QAUIHRMD boRFdnsrd 1 Morfdt Be MBI HbIHAES or ey thdrddse fd Sreasurement

IWA network. A significant inprovenent i n receive
signal -to-noise ratio (SNR) is observed due to the

%t%ﬁrrel ator engine only integrating on a

F0Par PRN code when the respective positioning
l}egmﬂ stabglichefithg gosmgxc@qew@ tbeal dshittitor (ISD) udedn® driahHA TDRIA lcé@leRioOdhgine

MGt 0 eethRitfg AL di Mt ﬁgﬁtﬁé ﬁe&lﬂﬁ@ﬂ%&:@&y%ﬂh@ fredf? %V&L{Le rI‘][ad:tlonal

t
E anggse‘?'s I}é@&) t{nu%uq?' mr g ec% cgmer ; r??%\ée}:sﬁg?cg()lmmodate variations in

Interest s
B¢ RpSEnTEsFiveE I'°<§§1 iogslater (LOX d'tﬂ“’spl'eﬁﬁé inygngjon, thé gebility of the position receiver

Iniat bsgitii@ALODIs 2 key homatie phecitig the ldte addl@antee DCBCvalliMased Gn the
Maﬁﬁal&cﬁgeﬁlﬂgseﬁﬂh&echﬁﬁetl mad ?ggr%llupglnptﬁa N Cfgrrgg m%ogiglent,lt%e position

from ot her positioning-
TR B Pt Oyt e doman e ¢ 1 et
roll-over period is longer than the full sequence
TFW&“?“G’EF@&‘F lqsel pscilletordbQ) niubtde sabloha the prdiabn poial of tha mekirements.

IS prefermreld el idinde s, tﬁSstafblhB'ane RlroubhPGE THNA Qub-s éncd r@;ﬁzﬁ énqo Ofd the
l&gw tl‘g:ﬁméaf é&lﬂu&%ﬂ %8‘%&!‘1 m Rci‘gl(/l's glﬁ%ngge.%e &3 . -segtﬂlce repeat

t1ner
Pfff?éys é| ?‘H'eé?m?decﬁ*ﬁrefo@ 'aaﬂenns ipegitigh recoitqy olprah pssillatey ﬂa@matumy over
apaneintzielyd milfigédndafersuratientph@iytion GG¢. @aGHcal Mpm&lmscﬂlator
('ﬂé_)(dy Q!oﬁﬁonlychsgcp K:r §L %pslit#olll I'eYeavIpﬁTaP}{s%{lﬁ%rl bzt ﬁa?la dslh rty tela’l statbxllgr of
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inf 2oRoBitinn récpiver Ineal pwiletbri(L O)giming asar ot e s cofds G B alﬁynenﬁas{ﬁd‘tﬁmr range
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y ni ng code and carrier
rew't nﬂ%i%ﬁ e Sig"rlﬁg a'{'or ORS T80 THE BT f"’l éeﬁ“%c%‘flﬁﬂgé“rg orother
mrtb\’ea‘l'ca'&glevarerﬂa&cwl%sm@y be employedy df thesetsabmitiues sxemensfficient, highte quality
peitiabrdeivéryocalfosdilh@r LOF toknb@Ehts! s@shQk Mdven COfErBlled ORRlatod @ERD) or an

(LO is a key factor in predicting the code and
carrier DCO val ues based on the programed settings,
and the channel naster tiner value. In the preferred
enbodi nent, the position receiver |ocal oscillator
(LO is used as the reference for the master channe
timer. The position receiver_local oscillator (LO
nmust be stable over the preﬁ%ction peri od of the
measurenents. 25 In the preferred enbodi ment, this
stability tinme is roughly the TDVA sub-sequence repeat
period. In the o
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Radi o Techni cal Comm ssion for Maritinme (RTCM pul sing
schene. -t he TDMA sub-sequence repeat periodis 1
mllisecond, therefore requiring position receiver

| ocal oscillator (LO stability over approximately 1
m | 1lisecond of measurenent prediction tine. A typical

- TETPeleh YArdrdanaytbe stefl. el t@smdfdrtditmbodiné @Spperanerommslio Oscillator

ﬁm)ﬁag forghgpostioh i‘e@di\z_er[ lﬁﬁmdﬂ?ﬁr (LOY: Ahe Op&leh Jnélgu%nler{t bk resulting
edintati phast &4 Fbshio L roxiiately | part

o St e Bolo st o o ABREGE! (it B o
a 1 part T 10®PoHaReaR dsyice rasmiting at 28 GHz, 19568the ey wavelength is
rARRERmASY 120ilimetesss Therdfang, the 0.@Blo@)imeters0f mepseénienoigfaddbby the position
gecion thsal osotara (100) Hdved errBARS B prédicHR prde@NPGell LR A %o%gmeasgrement

%&E&ﬁ@m&mtiﬁ,kngsygterggl}opguh%i neters. Arange error of |
mllimeters I's surficrent for many position receiver

apMA gatd.ons.. Should nore preci se range nmeasurements
be rAe]g'ffi“!rc aesg','g Sﬁ‘!)'@'f“ﬁbf“f’fﬁ““&‘f"“ot her mathenati cal

&ttt RrefFresA emipodipns tep RPN Arbeopdcastingesapiergyseick. assbdiatetl @IS @e positioning-unit
ﬂe&rh e:lkl‘q s, aad fe ﬁéﬁrfibﬁrlgfarfeﬂaﬁd i .H:Blitimg iwﬂl’ﬂ@ﬁce bfdn ichéfvero’tﬁrtough the use of
RO Sihdbial Yorkie & QSCi: L onponent s )
such as a @:%/ eiﬁ,ﬁgcr:o neta%gﬁh(e&d;g %ﬁe{: ?‘I['Flgg{’ g’ ; d@'ﬁ‘g%“‘a?wﬂé ffratherptical
SUOHT"E {1 T8 cEpodimgnirh Posipn feseivys determingg thefesnymitied EPMA cbroadeasting
Emserds ﬁ% AsociatingTe mueved tPRN ecofBp Rid dnbodd ik Okith | A predetermined TDMA
Qlﬂ_@é@ng beGuetkés Ehish s th Q‘Dm%brﬁelagpenﬁiﬁgﬁc}{rgﬁizalio?lgﬁl) the acquisition of a
T IRARS R M A O I
resulting fromestlmart g pHUsEVe RY B tetiopsi in gre subsequent
WUpegioig preithen defppmined by nye-loaded 45 mathanticallyhtablifedytlatiohdips berwebnakic PRN
mg i GOMAOime _s:}:th almm,mm ??@J:asnng ?ﬁugﬁez could be prle-(c)?terr%lined
e ki BSmdl L mtiing a . e ) 70 Q

t hb?eg,h carrier %l/\“ng{]/ LA ‘Eégédtaﬁtﬁl"gs‘,i c@mglboﬁ r %litfleﬁ%{’f“gi")‘f ityin '%%_*%s't“’“ recelver.

er There%}gl{ﬂ‘g the 0.03 mllineters of

] L1 et o . AR —_
e b SR st b s o bemypion meses

- trapsmifted Gage the pqﬂﬁgﬁng-(u@(}}eviq’:endd@mdotepwﬁﬁalij' #totiattddth the PRN codes. As

qﬂre@ipﬁtiinﬂﬁneﬁt&ﬁbﬁ %_Btﬁxisit&l;nvlﬁé, khe brt%sﬁmfeé hEM& %Fogdcgiﬁﬁ%%x € &ta first
A b RE ni.ng system error budget. TDVA

ARG SIS AT S B s e v
r@ﬁ‘bﬁfo‘ih?’rgﬁ't ?osp%gmwa_mgrp inp@a@eqﬂe teevckaesethe first TDMA
bpsdotngstqehcewittir fishmsiamg-tmiQividg ThH‘bieJox_ld p‘bgtiddﬁélhxﬁ QevicEDloadcasts
i @ﬂlﬁﬁ ,broacﬂ:sgti@r s@qu%ueltl & lﬁt}ka\éo&%ﬁ e‘?&ﬁ qlﬁé ffq Ilgdgsqlle IJRINIIBde and TDMA
st nLn t heP‘P? [ E_.Llaon .recelver throu _,?1_e use of " an

afl eL Ig g?qgen oo ﬁﬁl t’po.gtlcplingi%Idevpe.%l&%ggm%pg—ymt,d@gfp,g{itéip range of
beth s figst and pecend posisiotirgrunic demives, Teceings titaibHgANRIAE Bbm the first and second
p&odingain® Nlevicel Matt ﬂ]ﬂesem%ﬁ%%\m 'Itdgﬁx Blgﬁcésfirﬁnseﬁugncég! V&he third

roa

cast

' -1 t ' ) Cd 1Y,
oS TS5y I Sl ot e i

inflaets KRN foreand FPYA bgadensting estiesnass i fiFOIvseodnd meidaning-biintvices

inge;z‘;m mg‘:g;fe'sm ﬂr&f;s C‘E’aﬁ& “H-t%ftqﬁyﬂt)ﬁo?ﬁ@ﬂmt g%kmtthin view of
=Y A i si.tion of a I IS
“5 oo 1 Blodlfl e Wik doch U TREEA brecont sebiencsh o fach gt T sbove
FEDTY SEUCRaNF Sipjlgrie the (labal Rogitioning Systemi(@PS) sybyere eperelin almanaqyiata where
caglf setfilgjte &mgdmc:gse&e Iset MHILomjn&eﬁti&hyforpﬁdf; ds ngdor t2 lremainder of the r:‘;atallite
colRA1RBA By It bddi i i I en. tne
R Code At Rl B oSt bR R R e o
TDVA broadcasti ng sequence coul d be pre-determ ned
through a simlar mathemati cal process and | oaded into
non-vol atile nmenory within the position receiver. 1In
‘an alternative enbodi nent, the TDVA broadcasting
sequences are supplied in the navigation nessages 20
transmtted fromthe positioning-unit devices and are
not specifically associated with the PRN codes. As an
exanpl e i npl enentation of t¥is technique, the
transm tted TDVA broadcasti ng sequence of a first
positioning-unit device is incorporated inits
navi gati on nessage. A second positioning-unit device,
within range. of the first positioning-unit device,.
‘receives the navigation data that includes the first
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25 its TDMVA broadcasting sequence in its navigation
nmessage, and al so includes the PRN code and TDVA
broadcasti ng sequence of the first positioning-unit
device. A third positioning-unit device, within range

of both the first and second positioning-unit

@t Aogitieaing-ynit devfogsin view by interwgagnd thomvightiénamebshgd Mok BQeaktiofeSositioning-
amddggeond positioning-unit device that includes

their respective TDVA broadcasting sequences. The
ththMmpna&Iioning unit device broadcasts its TDVA

bx nce i.ts pavigati on nessage and

2l sg%cj%o OIE IPIQ.?ECE ?tﬁung ﬁmegﬁ c{] aamatlo? mvebin%% é@tproHa@atmn delay
SE GG Lt oﬁﬂ%@ﬂmﬂfns signghidicresess svpmidinphys i leadi gheltRbstitted TDMA

cresitiogipgssignal motjbbigg mkw@aﬁ:&lﬁ)ﬂlﬂ-ﬁfﬁmﬂﬂal pa_shio§re&fv%ﬁé §lot. Tlus is of no

Gﬁzﬁ&qhdﬂbbﬁﬂnexu i ﬁoklucﬁlné uﬁfde\tqggarp Qqﬁfd tanQ %ang g g?sq"m refeﬂ'ér We the time

ther are broa
el o ol i R &t Pt g it abencuaiteni trdovies vy
'Fﬁ@f%'éi\%d's“’d@sﬁ@?ll“!f@as't@v FegrEMet p@rlaps in Sdceptibnatimed 6F the TBMA positioning
@}g@badcc@dgss the g}]amﬁhg r&ﬁﬁérelma&o?gcﬁﬁngtéy §tb¢ﬁtmmg@ﬁ@§i bdrth considers the
& l | [ 0adCcaglsS a S
BB 8 Ao B0 oS G A 19, Uy Tt e
SRzl o bt i e vecsplon s af sponimise et datisecmsmlsriont i varisbe

EISIEoN treing prodeds eeqpins the dyodinid Eliehanest te @ipratitn MRSvat 8 aﬂa%mnes
Birandeas E)daﬁlﬂe 2 Sﬁiﬁmer Qflocatéliqo ﬂlolnetﬁ? éém af fo & é:a({s]lgon%g-umt device and

vi ew h errogatin
g‘g\é'léaggzro#u second pufx oni g,cl; ““btﬁ’é""% ‘Op Pliowtlﬁigdelau ﬁprl thy &S(s} pogitioning-unit
W’ﬁ?)'glﬂ IOESIFF ﬂbéq Tpigrosagonds,yhenghis G mwnlmiemefm @e second positioning-unit
froisd & incthd dadpr HEBOD nElERYdoRds. Iﬂiﬁéie ﬁvo Ql@v‘ide§ kO Pt g adjafeht 91, ml%rosg:ond
TIOMA eSS0y, witttnﬁ‘e il 9@9@&3{1&8 recegig&aiXe Sc‘é’ﬂ‘g P{lﬁs %bl;eg, ?hg%pf}ngn receiver

osi tionin

‘e&’&’%’%t‘% 3 PplEe g %fr‘i‘PH“t"@&‘e‘Ymmwmpsqnﬂa Givénrthjs wiogratien, thogosition
teiverepay edivet it tbgmtimiinalalstaniabd vop tibkydn n@maﬁaxhchp.g;‘ﬂhﬁzesq& ceccived

d’o&ﬂﬁbﬂlﬁﬁvertvhlﬂ&‘duﬁﬁg%y gJen 'm?egllatgbn %:NQP The eQagtS \e Q:F rfezeth mg:]emented

nin ni t ewcsareew
‘%lé'ls".aq’g%'rﬁ’}‘ regiher il e oo, o peouancs ff?é“ewvtb?féhethron fRgeiver and the

BRsiaetT-spmispl DM siema! epdptica timpg.net wor k ti me. However, when
positioning-unit devices vary significantly in

Feithsimarc mnges omht pesitipiuhit @évicesel e,my Q:Ele opiﬁ |c§ﬂ§7]e§ '31“ the physical
pha&RRY MQJE chséTFe&wQJ TONIE &%g%%& sith B4 rece %lﬁ%ﬁ%&@% nopginal time

£ G o dAS osi tion’recelver | ocat|
eterm nr ﬂe pesi GEHYE hHiE SRl ehegomenve Sucb roplagraf isgehronization
befwte e franemission ¢iing ofsthe: positiiningruritruetices) @mpacg&.oamwaﬂtm lahospheric

distte@ionTdNRtag Of the 's@tap rgroﬁﬁgéﬁ&% msﬁ{ﬁéi:gé IQ:P(}[% %% ; Silke tth% recgl%gd TDMA

ce
pgsltlgn%%%gaisq%ﬁxg ﬂlde ofr;rlgrnloxglml Jeceive (51an élptatm%ﬁcglpgqﬁdppglbed above of
adiystine e integratio intepval starh end ggmiinres way:bel pdamedrremitigagfanyt of dhese effects.
integration interval start and stop tinmes. For
Multiple Shamadls nerpxainp TBMA Lopagtod Engies’ €Cei ver is | ocated

THeQbdvé ﬁe@ﬂﬁd%ﬁ&laﬁ Jr&anarI te q‘e%tg é@ﬂ% IﬁInhé? Qllnﬂ)glmerll? E tPedpge\é/engleventlog by

osi t1 oning
p’%ﬁd"’]gqg’?)s‘ 54 %1°f°“’8"r1‘”"3‘é‘|"§'§?§ °’f’?1‘é'a"|“?'? @@qu'@@ngtTPm cRlaton prgines.
Agfg P%Sés qvgf ap iy timadwoeharoels @fn siB@andicly @Sk OGN PN codl3 Qi Rdmg thik@ny
ofpheopagnily afcrbal ayr/h QRERE e Sl
device is in the order of Sogﬁggﬁgggbdagggh?%f#%%%émmmds
two devices are pulsing in adjacent 91 m crosecond
TDVA tinme slots, with the first devices' pul ses
precedi ng the second devices' pul ses, the position
receiver wll experience a pul se overlap of
approximately 29.7 m croseconds. Gven this
information, the position 20 receiver may adjust its
integration interval start Bnd stop tinmes in any way
whi ch maxi m zes the received correlation power val ue
during any given integration interval. The exact
-adj ustment nethod inplemented wthin a position
receiver will depend on the performance requirenents
of the position receiver and the specific off-nom na

I'.n
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Furthernore, ranges to the positioning-unit devices is
only one of many exanples of the physical 25

phenonena whi ch cause recei ved TDVA positioning

signals to be received outside of the nomnal tine

slots allocated by the position receiver. Oher

phSPErtine THMA someiates encigesehio previdas themaabitity tastyariCHuliepi PRAtcbdad that are
btewnséehin tha earde TBMARIME 84t0N ti M ng of the

positioning-unit devices, propagation del ays such as

aRefeRRP BAMI 16 theOka8ib Oledhhig cslﬁmngr%h ¥ uﬁfamﬁehﬁrﬁw rerge“ Aingle

. |t atm190 Iso ause
et.fh; et tl'ﬁlgg?:{)zréﬂtg & d;]:l)ne cgnsa S H(%BMélﬂ)gtfoalég agnalf ﬁ@n 11 unique

°§?5‘F““¥ SEETapized Rositoniag-yyit _devtpﬁevhgr 4T o ICHMA rdedpoing digaal is broadeast
ab W}ETQMA 8@e siolj Ustvo Rgnteh@sitiod tr@gteR WitlDfe Eﬂatree([eééﬁ!!»ed Q‘bﬁﬂtcorrelator

SBhe SicRiRcnlrd H@Ss rﬁmt}{rietlﬁgy %@@bﬁg p&sgimm ! lg?a g %que cgrono%gu:ally

ne S ncor
g"f"ﬁ&f"g‘{ Pé’sr“” 6‘“ §"‘°f~h é“Bb?\Fé)%@&‘E‘i“B‘é jergly e brasicasintahaipMA
& slpfe This @ropesy qap bé genegaliped e 4mp mungertxd dhantels tincarporitiig TDMA correlator
pre@eent i nvention by providing a position receiver

with a plurality of receive channels incorporating

TE?M%&IE& i)@b@ﬁ&ﬁ 1e ReHid eSmical O5mhi¥Rn B e %Z’ﬁfﬁm
na&; é ggtan |&ulfg§§oﬁghé$$?gg casa
- g “his fore el oo B on st e o

Eﬁ’é’gé Pm‘b*é"a““ﬁ é"&?‘?effﬁlls infotis Sropdastont avd apabit ofsie povear igwaition, A
lurality of receive channels 19 incorporating TDVA
oilloéfoarseire reatiggd fhesvhisk Boabpvehiasibela givéahe v@ﬁ&abllihdtrﬁtwe stmpIe of this

invemiolt, alVbikil dnf bifer E:ahhc@t%%eaﬁd Jaﬁfl‘i ns Adréo, bd v B gp{)a?emt ® %crsp%sl gj’%d in

erri ng agal n

:
e b B vt seeagaf et ran vy PR o

schenme, a single channel TDMA correl ator engine can

si mul taneously track TDVA positioning signals froml |
uni que 5 chronol ogically synchroni zed

posi tioning-unit devices wherein one CDVA positioning

- signal is broadcast in each TDVA tinme slot. A two

channel position receiver with the above descri bed
TDVA correl ator engine architecture my

si mul'taneously track TDVA positioning signals from 22
uni que chronol ogically synchronized positioning-unit
devi ces, wherein 2 CDVA positioning signals are
broadcast in each TDMA tinme slot. This process can be
generalized to any nunber of channels incorporating
TDVA correlator 10 engines. This specification has
used the Radi o Technical Conm ssion for Maritine
(RTCM pul sing scheme as a comon exanple of a

pul sing schenme wel| docunmented in TDVA positioning
systenms. .However, any TDMA broadcasting schene falls
into the broad scope and anbit of the present
invention. It will of course be realized that whil st
t he above has been given by way of an illustrative
exanple of this 15 invention, all such and ot her

nodi fications and variations hereto, as would be
apparent to persons skilled in the art, are deened to
fall within the broad scope and anbit of this
invention as is herein set forth. 20 What is clained
is: 1. A nethod for processing TDVA positioning
signals in synchronicity with a TDVA broadcast schene
in a positioning system said nmethod conprising the

-Steps of: a) transmtting said TDVA positioning

signals in a predeterm ned TDVA sequence; b) receiving
said TDVA positioning signals through one or nore
recei ve channel s, wherein ch




recei ve channel conprises one or nore TDVA correl ator
engi nes; c)- chronol ogically synchronising each of said
one or nore TDMA correlator engines to said
predet erm ned TDVA sequence; d) each of said one or
nore TDVA correl ator engines sequentially processing

whRkleimdOYA positioning signals during TDVA tineslots

In oni ci t ece tion TDIVA
t odt HRA ALY A Rl {SE R B P U gfgdestsheme
‘“WP‘E‘?"P“&&%%’“&?‘%‘“?W@FW'%‘haFFQPSPPT gh signal -to-noise ratio

| S apc Iringigitlg said TDMAPESitOEE sBEAGH DhrdigertnPed DM ABeqkencapher el n
S a'bsj &E&Wﬂ]ggild f[ﬁ@@bl_¥lll&gg lé‘f‘ll;il.t: ml%[lghggm l:l’l!)l% %t?e:Je t]%nng'lg %Re?em each

a) confl‘% i sequence determ_ nation nean

synchf*eh ?@"’?gw'a'” °b’6‘§‘? T hToRgatorsrgiiSl s to each of
saicd  erzolegicaliy Bhribii csloelsad @t gmoeTPMAGsclap) engiges ko sod
sai d ﬂaﬁteﬁrnemmﬂéamecorrel ator engines correlating

Of 9 SRPELd e SREHIRA BRE SO5E o L el 5 PR ' 27
si ngl BPSHEOiR signgls F‘é‘l“&TWA @Pﬁgpth@sxnshr@wewwhehevmw ofssaid TDMA
pl ur apasitigningkigmlgnchr onous TDVA positioning signals. 3.

such Mat¥REOCLIRGTRIELs BE mfiard biinlTh agnam ﬁ&s%'ralao R ngegit ep of

correlating further conprises the steps o

connecting a channel nmaster tim ng nmeans to said TDVA
s edyirethedrcqguding porplaimel, Wisrvinrsaditep of todeiviog fufthegeemprizey e atbrd of:

C hgnnehfighmg b epMA |sdi'hdﬂ@ d&@lﬂﬂﬁloﬁ ﬂeaﬂJ tQthﬂ%m?e s&l:l)éliv'l“f}}r\ﬁlfg positioning

refer ?g'ﬂ ﬂ&o t:a(c)l( of ?a?dcone or %Iglf\ correlator engn@

correlator. en guring®sai d TDVA sequence
dee r‘ﬁ’ihr?a%aidew %%rﬁEDM coa@%revﬁm%corrmﬂe@?natsme@ﬁp Hsqudcarpngerh code
st ar tdugngdhe r&tpti of kbR saldarbadal pestiching Sg@blfl channel master

such fht gkl% TR Srrelatdt Q&m‘s E‘%le tuc’@alclg é[% of %rq(lflll A% TDMA Fositioning signals.

determ nati on neans can esta are at| onsh
between the receive tine of said TDVA positioning
si {ymethast ageanding ticldim@lehanie kaidweg bieprdating fixgherrveraymises thélstepdlof:

Med) N QEndGRY BAnRD misR: tﬁrlu%'n{&ng- to sdidHfrdNIg Eeq&é@c!m&énﬁlhﬁgl :LJ&:%
atjon del ay o

T T ok
r eceﬁ‘t"FeoTr‘PN{Ar W*at%ynga@t ermning integration interval
Steir teordipding dald[TDMANBRSGenCf dettrmingliod MSanOb i8R Ae ilEMfon interval start and

00T T GhPhAS AR anEnadGiRE G, 521 0 chr onol ogi cal

each oie or nore TDMA

h%%/ E_ronl sation o
such (b Pie d PRV G PIvengs (ieruation Seggessp esfeplish ¢ Kelationdbipdpitven He tsfeive ineel
- said TIPMRYRoYitioging signals angsasllc@mal masterSiondig ndednat sai d i ntegration

4,

interval start and stop times may be adjusted in a way

the received correlation power val ue
'\é\dl}met ] accmd"&m a 1&?@3?‘5‘3"?‘%‘# hesteesbal . 5. A nethod
‘acto F‘%ﬁrﬁ’gma e erpragationticlayfofisad TOMAqositning sigegls frdnetraptnisgion tiofe to

21 Ajecdptiaiisdd tting a uni que TDVA positioning si gnal
Cﬁeténgiﬁigé ﬁgégkfﬁteﬁgyi?rgan stop lmgsaotf gal orneo épfn%%g'ghdg correlaB)5 engines;

sync roni se t1oni ng-

alhuPPsting sad fropedesicd |sw§1f<@15falﬂli fesh trﬁwt\oqg @&shard TR Argerelator

- Si gnedginkstobestdit the re@fitioNersiid TODN pgitiehitig biglRy | ce by
such tHaQh tn&gll@tﬂﬁ kYeryaQfakt g{ld%ﬂ s A1 @ acﬁds@cang th%H Gt e received

: correla[aon power v:guer}.lgrmg Ia.r%( given integration interval.

A method according to claim 1, further comprising the steps of:
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6.

c) interrogating said navigation data incorporated
Wi thin said acquired first single uniqgue TDVA
positioning signal to: i) determ ne the transm ssion
time of said first positioning-unit device; and ii)
determ ne the TDMA broadcast sequence of said
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such that a single TDMA correlator engine is able to track a plurality of synchronous TDMA positioning signals.

8.

A positioning system according to claim 7, wherein each of said one or more TDMA correlator engines

further comprise:

a)  achannel master timing means connected to said TDMA sequence determination means;
b) means for said channel master timing means to provide a timing reference for each of said one or

more TDMA correlator engines;
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stop tinmes relative to said channel master timng
nmeans, such that said TDMA sequence determ nation
nmeans can establish a relationship between the receive
time of said TDVA positioning signals and said
channel master timng means. 9. A positioning system
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such that cross-correlation artifacts are mitigated and high signal-to-noise ratio is achieved.

12. . A method according to claim 11, further comprising the steps of:
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23 a) configuring a TDVA sequence determ nati on neans
to synchronise said incomng TDVA '.. positioning
signals to each of said one or nore TDVA correl ator
engi nes; b) each of said one or nore TDVA correl ator
engi nes correlating on a specific pseudo-random code
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random code during the reception of each of said incoming TDMA positioning signals,
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b) nmeans for each of said one or nore TDVA correl at or
engines to correlate a specific pseudo- random code
during the reception of each of said incom ng TDVA
positioning signals, 24 such that a single TDVA
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