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A SYSTEM & METHOD FOR THE MITIGATION OF CDMA
CROSS-CORRELATION ARTIFACTS AND THE IMPROVEMENT OF
SIGNAL-TO-NOISE RATIOS IN TDMA LOCATION NETWORKS 5 FIELD
OF THE INVENTION The present invention relates generally to systems

and methods,fergeReraling:RIRsIS¢HNIRERIPFRIAGIGR dF@gigiecation
systemsclaaricyas e RisseRimvanion relriesiahr (tgataT of
pseudorargiomaode-LO P RS o0 RiignRAfacts anhheEmprorgment
of signal-to-noise ratios in Code Division Multiple Access (CDMA)

positioning signals that are pulsed in a Time Division Multiple Access
(TDMA) scheme. BACKGROUND TO THE INVENTION Many

radiolocation systems utilize multiple transmitters, each transmitting a
coRERGOHE Ehif R EFIE Dision multiple access (CDMA) signal. A CDMA
reteives-ganeraliydracksthise signedsndsirttpds flugaktying brafstegeiv@rermination
Channelsa@a el 1 gilyicGanin Bitignt Mo QoM aiscoMelaterSinter lel@naide code
t%{@%@liﬁb@ﬁﬁﬂcefam %JE&&E\%E@EE%{ of Jéﬁﬁiﬂ%@é &M{%E&Q@M&&% Muitiple Access
continuousy. corelate,aganst Ihese-COMINUOUS RMA. SB35, SAMe

prior art positioning receivers sequence a smgle receive channel across a

p j 'nIléPJrl j s. The purpose of the sequencing
re%%%gﬁgqmuce %@%W%ﬁl

ardware cost and power consumption of the
ptfeiioRFelesraa SO BT CIIIN BESEFa Gt dtatibfing S g Brb Aeiagstod
comiiivo oubiptgrais(OPMErithe. rCRUEascOB st positibring sigralsimrepaiiality
expeeied imakiyadhaRagitinniiRe et with Qifikak:sigaadrpawee, dheno each of
CRRtiRROHES MARASHINNING SIGRAIS ARSIV CalNaH SR VE VBRI T DMA
the Rroadeast SPM A RORIHORNGSI AR 2L GEE VRN AISRAE piucatity of

sL%naI lEVE%rs th on%hguousc MA positjoning, signals from the hlgh

] er
TR BEWEr frarrhitters RIS TN STghAIS FEeNed fRof R fower Sigioe
pRANE OB UPATE Pitte PeSird E&P4rate the CDMA positioning signals under
these conditions, the CDMA positioning signals may be further separated
uRmhgethdr aqrisiesticn paRTo e st EaTE Feraliu Sy BRWSRIFst COMA
Merifoin\ sigeads 4F BiViRdrcind deldithon AortResitom ki petasimfier signal power, then
AlseinativelpMhoGShiA sesiticnngrsidinalsdnayidseviarthien separatiat COMA
Usifiebantingnai s ieeesapatation 4B eigargakas hivadlivisionNMultipliening signals
ALGESR RYALIN AdditionodheGRMA SeRAIalERBRROM ower signal power
rggnlsonli?ﬁ%%tl% %cy Stete t(Eg ml(}sigm[!)lﬂl/l Asﬁﬁs?a?ltillg elrntgesscl n%ls Onté@%ﬁﬂm eositioning
frequency in'a ﬁﬂ?se time _CFIVI_SIOI’I tiple access (QIu mﬁlsc eme {0 o
IR0 R SR e YR PP A R e MR S BRiT o * G AR R B ysion
Ipetific AyrafiRMan Jeditesephy RN dvertiie e ool UG CIIMA positioning
pasitionHdsional Seranad this dyihsnicivan geaigtice tbentinadddinth ® tasigtvealfiple
the.psetsosandRmnmbenAiiNande used to generate the CDMA
positioning signal. A near/far problem is produced when one or more of

thene QutinsiRith SRMARMRASHONRG BIgnAmaKcaatt tis Syqammicrapged tne
relRENE QAR QINREGRAVAL ARSI QRIRG: ST RALARCRSREG:Sbick, CDMA positioning

signals have a specific dynamic range that separates two unique continuous CDOMA positioning signals, and

this dynamic range is determined by the length of the pseudo random number (PRN) code used to generate
the CDMA positioning signal. A near/far problem is produced when one or more of the continuous CDMA

positioning signals exceed this dynamic range relative to any other CDMA positioning signal and hence a
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position receiver cannot distinguish between the two CDMA positioning
signals. Additionally, if one or more of the continuous CDMA positioning
signals exceed this dynamic range, the radio frequency (RF) front-end of
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increases the cross-correlation above the level that would be expected
with a continuous signal. This is due to the
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during the off-pulsed times. 2 Multi-channel prior art position receivers are
designed to work with continuously transmitted CDMA positioning signals.
Anexample lofr%rca%ntin_uously_transmitted CDMA positioning signal is the
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location networks. The



present invention achieves this desirable goal by transmitting positioning
signals in a TDMA broadcasting scheme, chronologically synchronizing a
position receiver to the received TDMA positioning signals, and 35
sequentially correlating on received TDMA positioning signals in
synchronism with the network TDMA broadcasting scheme. 3 SUMMARY

PRRR INYENTHONERbegnents of the present invention provide a

1gosmon recelver architecture which mltlgfates cross- correlation distortion

e P B U AT 13 e PP BNy iFF P RS TARCEIB NTRG STyl cross-
RERFEOR BB AL TERR ?56“§|f?8?ﬁ Y BighalMA ByFiteRinsrtiendy aWere by
FRMRDTbAE astisolmervierate suitimgrinicBecutate TTaMgeb rdasusementssand in
hengepaechratelydetemminedpasitioncolukiopsituthasembodiments of
the present invention provide a position receiver architecture which
Rdtenamelisiyts synehragizesitboptielalipRipropess.taraibtioM Alnoatsasbusly

Seheme.hdhenpomedimentsiohihe Biesentigyention provide a position
receiver architecture that synchronizes its correlation process to a TDMA
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architecture that efficiently utilizes the receiver hardware'to minimize cost

ﬁ%P%@&&QB?Hf’?&“&@seﬁ%@%oﬁ 9&'&ms&ﬁ%&%&&%&%&&m@&%fhmly

dh seudo- rand om co e sequence generator that
IZGS e. l’ CIVer V{ﬁ le@ COSi sum 101‘1
can rapl y mo fy code an € phase W|th|n the time
e\ |Iablg gurl gq TDMA hroadcastin sche e tr smls |o e s|ot.
I’ odi of the Of1 PLoy s&u |on )rg% é:l\s/e uence

&r embodiments of the present invention rov% a os
P A RO A G B Sl
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the requirement for continuously running code and carrier Digitally
Fadntrelediog kit dis PTOSEIEYr theriénioveiliee rie v trehfivetssibat provides
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sthtegratre: G ighiRhes o GRMMERSLISAR QRIS dht BB MAIIPaLERSE Oscillators
(56 _ e without requiring continuously running carrier Digitally Controlled

Oscillators (DCOs). Embodiments of the present invention discloses a
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engine, implemented within a position receiver. The TDMA correlator
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of the TDMA correlator engine with the reception of the TDMA transmissions is achieved usmw a 50~
called TDMA sequence determination means. The TDMA sequence determination means determines the
required timing and PRN code sequences within the TDMA correlator engine such that the internally
generated signal replicas are synchronized with the received TDMA positioning signals. The TDMA
sequence determimation means utilizes a so-called master channel tuner In conjunction with the TDMA

transmissions



generated signal replicas are synchronized with the received TDMA
positioning signals. The TDMA sequence detennination means utilizes a
so-called master channel tuner In conjunction with the TDMA
transmissions 4 to establish this synchronization. Additionally, rapid reuse
of the TDMA correlator engine on all TDMA time slots efficiently utilizes
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THE RRAWINGR:KIG. | is a schematic representation of a simplified
position receiver channel illustrating a TDMA correlator engine, according
to the present |nvent|on incorporating a TDMA Sequence Determination

Birtn EaS Code Sequence Block Memory,

Fahd assodhatedccemammtsoﬂ:d@imﬁliﬁea schematic e pleseht#tiontdg an'DMA

caltarnative e mbadipent e sinplifies:pRsitRnseca YO eN 8008 ce Determination
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further incorporating a PRN Preset Selector, a PRN Track Selector, and
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Pﬁ?&é@?ﬁ*ﬁﬂ% St ErE s ﬂ@ﬁwﬂﬁ“t“eg‘é‘i‘? fe&iter broadcasts its

nlgue CDMA positioning signal in a specified transmission time slot. A
Yceiver is configured to receive TDMA positioning signals from

Athhemigingréoh@asitiin igehunitdevicesiandndetsimingogosition, elacibtations,
raRelitipatRyTIdelativefedheRRaitieni Yok devide ARRIMaTkvIK QOnce, such
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channel capable o regelvmg1 o %1\? Jo lonin 5| nal at any given

At 051t10.ziLF]ecewer1 CONF1oUIEs Ve H101 gmg als. ?m the network of positioning-
IS SIngle receive C annel |nco ora

unit devices and determme position, velocity and tlme (PVT) relat;ve 10 the positioning-unit device
network. In one embodiment, the position receiver is configured with a single receive channel capable of
receiving only one positioning signal at any given time. This single receive channel incorporates a rapidly
modifiable correlator architecture that replicates a plurality of Code Division Multiple Access (CDMA)
correlators. This rapidly modifiabie correlator architecture, referred to as 2 TDMA correlator engine, is
capable of correlating on TDMA-pulsed CDMA code sequences in synchronization with the reception of
the TDMA positioning signals. The TDMA correlator engine reuses the same correlator circuitry on each

subsequently received TDMA positioning signal. In a furtker embodiment, multiple channel configurations,



modifiable correlator architecture that replicates a plurality of Code

Division Multiple Access (CDMA) correlators. This rapidly modifiable
correlator architecture, referred to as a TDMA correlator engine, is

capable of correlating on TDMA-pulsed CDMA code sequences in
synchronization with the reception of the TDMA positioning signals. The
TDMA correlator engine reuses the same correlator circuitry on each

LEY GRS ER B TOMA HESIHEhRg s gharidm s HirRal SATBBERMENEDMA
patiftiple sidhaln el configemationsySiabatvatrmnerslven Afisited weithea CPDilikd with
acOrFelator-engingnrplidesinatiita nbouseasrelatian ok o/ dAd pasitioningd from
pSlgRAlSHhALSIMY ItBREOMSI, & gM@n%mﬁyQ§l§mgﬁl7ree\9ﬁi\{€JTﬂl\@@%&@ﬁon sequence
ﬁgggyxarr&gmw A0 ALRMACOITELINERUNESED RIER B A unicn

0 tinuou cor elators, and is distinguish ed from prior art
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degBhtion sequence. This synchronization is achieved using a so-called
TDMA sequence determination means which synchronizes the TDMA
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positioning-unit devices. The TD correlator engine Interna
pseudo-random number (PRN) code generator code and code phase, as
well as the carrier digitally controlled oscillator (DCO), are synchronously
updated to follow the TDMA broadcast sequence of each 5a
positioning-unit device transmission, such that a single channel position
receiver is capable of correlating only on the currently received PRN
code. As the position receiver location changes, the deterministic
algorithm considers the change in propagation delay from each
positioning-unit device and adjusts the TDMA correlator engine start and
stop times for the correlator integration interval to best fit the reception 5
of the positioning-unit device transmissions. SYSTEM AND METHOD
Chronologically synchronized positioning-unit devices transmit CDMA
positioning signals in a TDMA broadcasting scheme to a position
receiver. The position receiver incorporates one or more receive
channels, each of which incorporates a TDMA correlator engine. The
TDMA correlator engine is 10 comprised of a rapidly configurable
pseudo-random number (PRN) code sequence generator, a carrier
digitally controlled oscillator (DCO), a channel master timer, and the
required accompanying mixers, accumulators, and interfaces to support
the operation of the TDMA correlator engine within the position receiver.
The TDMA correlator engine provides raw In-phase and Quadrature
(1&Q) data samples to a central processing unit (CPU) within the position
receiver. The position receiver CPU manages the receive 15 channels,
and therefore the TDMA correlator engine, to perform specific correlations
at specific times
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relative to the channel master timer. The sequencing of the TDMA

correlator engine in synchronicity with the received TDMA positioning
signals is controlled by a TDMA sequence determination means that
combines the knowledge of 1) the locations and transmission time slots of
the positioning-unit device transmitters, 2) the position and time of the
position receiver obtained from a position, velocity, time (PVT) 20 solution,
aneb3jdie- Sﬁﬂﬁ&»@fz&%sﬁaﬂa&nﬁlmﬁwrﬁmﬁ{mmE t,l},g&?,ﬁ%ﬁ@!&,@,d cgag%dd mgrrctlhh ng
the)rIWA&@Q%?Q&eg%t@fmlgﬂgoﬁ W%%o%ox[&p Uesrq sof Waes the deterministic

han
alga@gramm L@.@rdggqm% #emagag%mamse& ubse ueoQ.E.TDm gositioning™ ™
sigpals, relative to the channel' mas er titner. In alternativ %%Mﬁﬁ%ﬂnﬁ

this.process. may be distibured” fo otk cﬁ'é?}a\ﬁfai’éegé‘ﬁ‘anéﬂff\ﬁb?e““ fit.the reception

implerte “t’a'f’%"mtﬂeef% SN0 Figure 1, there is depicted a simplified

T ne_ 101 of the present 25 invention. The reception of
%ﬁ@o&ﬁi&ﬁ”ﬂ?&%ﬁﬁm is provided to the TDMA correlator engine 101
asCliftpritsirata Yashpliasd HOStrom air ddicfreguesin CPNRE) diomin@REnals in a TDMA

artedolyatingligitalcconyesteiof ADG ) Withissithe FIaMAGRSILoseNYIRGrd Aleive

thaﬁa:dﬁta.&ampdﬂ&LQ&@Jﬁré@ﬂb@ﬂ\t@oP@hmﬁgiﬁl pﬁésﬁ)m %Q%IQQF cngme: is

Quagialus (a4 diagking puns.alihe.TRYA LA ERteLEndne 203 anC ..
arg Mixed i ibe SeRRse @0 cartier mixers 105 & 106 with Iﬁ phas (‘fji

10;2 and Quadrature (Q) 10 components of fie Ehi? i’e"re‘ﬁ‘ffba%‘ﬁ%‘g “‘FH@WS
outputs of C%“rr@?e?ﬁ‘fxerssi@@“éhi%"éﬂ”é el B ERMer s seeintg b ge position

miKEPE1 T OMA SOURRERT SasiosrRIREsiAth!srbrRM Sotletehifsdgaenaeples o a
pfERidEtrsina e RRUt vifdndkpusiroegbne Eitopodifdh ddeeramtpuisagl thereceive
codenrivixefstittO& tH Protidereorsetagion v kiR e en-ie-SHBSCAYSIBRY times
passeddmibeihdespaativg. areupuaiets ddrofAd lo%cm?e@ﬁ?ﬁ%l}éﬁmmcwy with
a%u%ﬂﬁi'@ﬁﬁ@'b@ﬁdﬂﬁg\é ir ‘?JQoWﬁléﬁ”Rf SIS sgi{zgx%g%ﬁtgnqg%tion nﬁr%fbthat

tQdhe, fer further processing by a CPU e carrier
10@?{%6% %%%JE? Pl)f e segfgencg ¢ e"r%érg Or TEFI% & RSt yrihdevice

cBUTEvia °Si§a‘faa“6 2o °A‘i§%5°b$f6€ﬁ’a{e‘d"ﬁ§ea%ﬁ?ﬁ@ff?ﬁdﬁi@ﬁw@rﬂ’m
1Tlf%‘hﬂfﬁ ?é BOHRAEE rangh E st s 1S Rt TR N TEUUenTBEMA sequence
CEtETHARAR BANE cpises 4 S8wThelmotitmiel paiste thimeval dde pravisigstenma
tirmirignirefegzemmoelfdre tihehd DM casieiater @NgiBRatlo Intld dMEREFHRARS may be
intervatatadaneSiRRMINes A fupleieizaied by the TDMA sequence
determination means 118 relative to the master channel timer 117 and
metenabiywcoimgige \ithiihe Lgghani @guﬁ?ﬁgi Q@i’fﬁf cJﬁ&ﬁS}t'é?;Q:Qfﬁ?%Pthe present
Inﬂ&wﬂ#%%&ﬁ:&f &h@TBQM&ﬂB%&%ng&% Lthp ga{%ﬁi}\ COITe ator cn

nﬁpd;tgga Ies fom raQ: ?re uen enerator 112 are ro ramme %n?rwias

the.CP! r% 6 Via the data b § Dr 6 fhe “ErraiHE §F§?ﬁ?ﬁ‘é’?@l‘7"ﬂ““
reaching e 2 e ﬁ’r'ﬁel%‘f tgﬁ ﬁf@g’?g‘ﬁlﬁﬁﬁ?ﬁéﬁ/ﬁlpw&’nbﬁib“&faﬁw fRd8gemnd

?“I‘i@éﬁ‘f:ﬁ&'fﬁé‘ﬁfdﬁ thaTTrPd statipttinseetof t9e indewr afiof imterveabective
HeEiTArNe PBOI0Y ik IPRNeCDAY ®¢Quanse:(Rresatehdikdsafehe carrier DCO
négoigured to theepingrannaehyatleseAtdRe,SoRcHsRMAENE0 & 111, which
kecantig wratmp@&tla@d@ameql?&@pm&eaw REMNER §%9éﬁ@@g%39£ G129t
Wﬂt%ﬁ%&qﬁﬂxmaﬁméqmep O%QEJC%ITCVQ o S ca 't raerf: sa{tgquent] passeJ t%hetr

qat accumuigw The > A55umu ggoe&s 7 are reSet
Sther nominal value, synchrones “i%afﬁ‘é“ﬁlﬂwté‘guﬁsf?ﬁ@’eéa?ﬁéﬁ’ﬁ@@%egc

ﬁﬁ%ﬁ%‘iﬁ’z‘ﬁ e é%&ﬁ&ﬁtausg}éﬁ@r&@mwm@ thePHaeTiD @we1 BO0S and
PRI Codeseeise et lero ontolisirby thoGhifigisod tantitives 115, Also provided

is a channel master timer 117 which is connected via the data bus £15 to a TDMA sequence determination
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accumulators 113 & 114 are reset, the accumulation processing of the

data samples is initiated. As data samples are processed, the PRN code
sequence generator 112 sequentially loads the appropriate 15 PRN code
chip, based on the code phase and code rate programmed by the CPU
17875rdf Bk seeersisepn dHceidse KepisHie ryfarege TnésERMarmtar PR Kpgine
cHdelbhip'ssstersiipphbdatoatiietre Spectivalcodah bsets IR0 <hdchcadetermination
nhixednithidine kespectiveranisl @men e abQh: &4 ahtiae iah thaGotaiioBnd of
Vialy@srareeaLImimahiovas thadnisgratiamintervalinihe acsURUatioBeo 109 and
DR C5R: s\%&g& HAE&&Q@?&GL%%%&HQ %A’sz: {‘?@Clqg vxahge %S%um?so%b ?0 the

m,tpfgrgtlon mterv res ective ac umulators

accumulation val uerse co e da‘f‘éﬁt LS TS AR h%emllogg’% ﬁ@%@/‘%é"&m timer
CBUITE, %%/H&ﬁ?&‘ﬁ’ﬁﬁé‘%ufl‘f‘ﬂﬂ%‘%‘ﬁﬁ%ﬁ&dﬁﬁ%Ié{ﬁdﬁﬁféli]@@ Hfeand PRN code
cHaRiTe| srsster dietrd ITeendhvesds teatupesd ainded yrhpedito firecdaiasbusf the
T4bnitrtkion o6 el ustionigiih @9inie gRAtioNe iRtprued gHhe P12 46 deadbdhd:r timer
aapldiee ehanrnet iasiel dmeldlivaklesandithe.asousy aiedd iehasgo, or
@5}%9&@%@%@4@%&@&% I&%&QMPM&%@J% FRYNEAR %oxé%equence

the data hu In the li odiment the update rate o
‘Flgf\ﬁ%%é%rrg?ator engine d%(?lﬁg %e%g%oeeasgqfﬁm% Kofima %5 Co"%" BFing e
TERARasEdttRiHg ?f’df‘fé s ATy Ot RSrsEte efd fateentRlrs withiRtthe

broad scope and ambit ofthe present inventien. The simplified TDMA

S 1 RO T SR PPN 1 ORGP FERTERS H S ienSP e dpperopria
RBt e KR irHasetehikst oy ehays. anbientroniairiraterimgidonts SPY dihFomnad RN code
withinedbieck caperpf 1R ir espatinh PBNtiod: chipsaarplesliviolude kastyivichde mixers
At (L aachRarlymiirussheaios (ke HRe8stRe 1I6AENIE) ahd afe (ki) AVIRSs are

JhaLe alé%ok,aéggn& hﬁékaa gw&mmaaaﬁﬁwsﬂomm%ﬂ%m f(mle%mer 17

:E:gclggetgle %Ckmg (?fr rge ratlos E}itt%:[\.lfaon%élv rg%ggt}vrel:ea Ecg'r{\ and Late teﬂ% their

arms are ab other ch Sp e &S SR G RRmB s c |

gy 6‘?]‘5%%?“&%/@%@&‘% ﬂ‘@’ﬁiﬁf@?&sgﬁdﬁiﬂ@§%ﬁé Wso supported
Further, a plurality of tracking arms at arbitrary spacing and density fall
SYRHHIGE i i g%‘béf axerafaisn viusi SRRSO AT IR AN Yips listesptured and
Emgid & Sy dethtonatitrihSymclason ifationiafative inawil 6d TN pasitioringred
signalsdecthind DM AxGRsrelatny £0gine9ds EQMIS}REQHQ}Q&J A values from the
g2 R AT HIT me@&soabmom BingRdhes Kﬂéax&kﬁx@g%@mm%w of the

Jr%‘iﬂ AR dcé tl’%ﬂ%}lﬁ '3 Lonatrhe O%I?zmp S5t tre?tQ I%U[}Bﬁg 1t10mn(a§ signal,

transmitters e position and tlme e position 5 receiver ab

%‘E’r‘ﬁ%“fﬁ%sﬁﬂ&%edﬁﬁfééﬁw{h’ﬂ@iﬁ'@“ﬁf@’Bﬁﬂ%ﬂ“‘ﬁW&‘%ﬁ RESSIAYEthe

channel master timer. The key function of the TDMA sequence

e FUPRNTPAION SN TR RS PABYLH (el AR s Baltpledncling rapapionally

tinfecoptks ToMMdSoRiHiBrikiee sigrars amertied wlitfom Helserees o tigmessent fraention.

Hiampigs relakiohahiBbbiwdonthEclyantnelimad@an. tvhas and4he(Ep eepio. ofms

DS EIMMA BRSHANINEONANAD issdRiermined WsRPoleiNe-{olIGWRG, SIRRR: arm
Be'mﬁuﬁ%ﬁ‘{ TR ROELS '&’i%ksmi% w%%‘*ﬁl‘é@&ﬁ'érl 5 Caoc%%esﬁx'c% e guarter of a

re atlonshlp between the channel master timer an e reception o

P R B R PG RIS Rt Ry SRR B PASRAY A '61?? a‘ﬁfﬁ“ﬁ‘ltéﬁ?’b‘:&d@&&“ty of
UipFiRe A R ARSI teAsing redgaaity TR Ehs e braaieespe inrebibef dtis drvpmion.
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~_accumulated In-Phase and Quadrature (I1&Q) data from the TDMA
correlator engine at each integration interval. If a navigation data bit

transition occurred during the integration interval, the 15 captured

channel master timer values for the start and stop times of the integration
int@FFAISracetorErrine &Pt RTERBRY. Once the channel master timer value

of thilrméizpiiganthedetiybi fiPEsitisioniszesablishedl RNV nervdgatienidakeetyiblished
streaniliginterregatedeinitlogatenthe teginbigoia dadaiadb-oframs: baglns and
dadasallinme eIcoM AR RiRARIlon G- BIARNIce etk SIANBRRRsition

pr&geyes&um&pnlm oRWIthip dhe SateseP:iame 18 RoSILioning: %mtm; master
dgwcesn\l/w}(hm th e 2 c'tsx‘nc\{wronlzed network each transmit

dats framln an on ¢ Orma%eguen% %?qnnénanmiu dnean :fr Ségtagpsrh the re%atxonshrp
O S PR s S e ol
sUBLPERS BT b difeedy ratstdinto tetlehErArarmradie TNy &r npalisaing signals is
aSsoviatedwilintihelstean: gfthe sub- frame, thereby establishing the

coarse time relationship between the master channel timer and the

positiontrgaantircey icktimshivaskddirmandt hiber edatiofis hipritedeshieth@sea the channel
coarse tinser baeausthihe fconmmonNAGasHinme biasivithintae-positinion data
receiveg;ang signalprapagaiio rbgs%l@:)ﬁgag%n@pt W%SI:M %@mgt@nogates the

mode UG g REES Gl A1 B N HE PSS IR SENEL el

as position receiver e ays common to all receive rou bout

by the RIEEEMSEHEHE “ﬁ&gﬁﬂ‘i}‘ BB LR e 8%8‘5%’1"’&‘%““"”‘“ the
propagSReTrHeEEye BTGB e SR Py Stem tisePhife fhtseration interval are
transmgssidrin diBtememsy bedwderrliechositotimagvelmitofitis cedgativd dhae bit transition
positions keeriMel, BOnaviAdoneris eidiringif iRbenehiR iscHetermiath: of a data sub-
Ranging,meagwiements.ipsa Ritalilyof Resitining sl qgw&ﬁsu%estam at a
derived Igg@mrpn%g\ ur meng\tra&qu%oz‘pgunn%m Ss;?cftware ont ms w:thm the
The measurement fracking loops are driven by ac Glated in dﬁ’

and QU¥RTFE (fgt‘f’?féféhrE%?&“ﬁ&ﬁf*ﬁ%W[%W%ﬁge?&%%TﬁWH& When a
ranging e irerhefmyisréop faeds Seaded, S mRiveek smp Gemiprpseriogitjih the sub-
time (Pkéh} soltiidr:d) ngatine tcotypod enttotithe posiionialee bty tianef the sub-
(PVT) Zans0iutinn dsanmastinate-Riihe-aamimmendedaiinabidnld@mer and te
TDMA@@@M&I‘%&EIQ%J%'M[Q%m§ n&ﬁ@?&aﬁ&gﬁ[gﬁ; J&%eﬁoa§'§§0£@?me because the

estima he common mode time égs estimate, thereby providing the
position TEESITETANITR Faliel Re e weclverand pignal propagation Jelays ate ot known.

TDMA Bﬁgﬁ?ﬁ?ﬁh@f’é@mé*%fltﬂ@i?éeéwé?fﬁ%sa@@fh?rvéaﬂovéeﬁé@ﬁw& Ajeosition
arrival tiraecofldaE DA ositlbririy s gaad!s threagiDdlAt de qhreRE @omponents, and any
determinaticnireang astablishase prépRHiaN&myssio b HmREainEDMAYs caused by
POSItioRNG RIS SRLALN BeIQ S MRBSHRRGNAREHUMGE dd )8 FRnRmIssIon

times are determined from the known TDMA broadcasting scheme and

nety/ork figg, %J@?zﬁm&m qy&%@ﬁnﬁ@&'%ﬁb‘“@ﬂ&&\‘é&@:ﬁs Qf?ﬁd@ﬁy of positioning-
transmissipn time. Qent%%&a mpositioning, agnglrs rlf?ineslgaéggwar 3 R€cpy. e
receptlon time o the OS|t|0n|n SIig n% BVltP] eCt to t e master

chann&FEiERdY B%ﬁﬁ‘?ﬂ@d‘“’ﬂ’é%‘ﬁsﬁt@l"ﬁ‘ﬂﬁ%‘éiptj?ﬁ'ﬁ“e?”%wé‘ﬁ%@dﬁ%\{bﬁm read
with théemOteaFidMisstotiatimeniénadfbstaklyy thrasueperttek pmepraggdtiorrompute a
delay hpedvimeveithity pOsi VFL0IGEIEYINE Sime component of the position, velocity, time (PVT)

sofution is an estimate of the common mode time bias. The TDMA sequence determination
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and the position receiver. After adjusting the master channel timer value,

the reception time of the TDMA positioning signal is established. The
locations of the position-unit devices are provided by the navigation data

bit stream and the estimated location of the position receiver is provided

by the position, Veldtity Hith &P oltittote F9mamor tredsbme s ey dhereby
repeatedt firgitieai ORI ey iihptsriz atleprk Tilme position, velocity, time

(PVT) solution is continuously updated within the position receiver to allow

the TDMA GGG ARG e EMArRemter inteindste Weanatiin indeeunstelpediatiome the
of the reBE}iBHetreTEOMMecTIDMA ramd)itg TBignalguaith HeSRREGONMERAS establishes
channeltmasteritimein@nsertheaTtdisg geanceidRiarinalion MEANSmer. The
has establishigehilae.dimingselationshin: Qﬁﬁ%\@%@@m@a@aﬁ%@% rlnmgé aet!;vork time

timer an&}" m)rr%ﬁ%ﬁ%q)&ttm%n-{t[aww (§e| Iotpqunsr%naélns xz%g oqe%:lr}li)h%‘& positioning

above, DMA  carrelator e gine IS clared sync ronlzed
synchroqrjlqz‘ga tﬁséa%ﬂeA%éeemcﬁ hee e RinBNEhATESRE Heatfiaaifirespect to the
synchroPS Sk Sl ol fﬁéeﬁ’ﬁ’(‘fkfﬁg dHe Tsitfotharatiomer talseTHwALd with the
positioniftyEigitaknTENiiEbyitio rxRechivprgnich depyefersetie mbbmoimentsvices
the TD M posititm recieives isreompiisrcadha Genvenie dald R fonkeNtha s me
25 CPUrrand org-ahdRRke iegaelehanngls. .£ach {fe%%b\{t%&ﬂﬂ“&?rces are provided
ConflgUB?%th@nl%@%ﬂ%rmggg&%dch]engna ) fre goennr(g/m é_lS prowdcd by

front er}ge vert V\QA ostlonlng signals to an interme

2
frequency (IF)O?O‘FG|C§)F:<5l RS ﬁ‘he Higital domain. The CPU manages the

seaq:h q tggcjksp funct|on of the one or more receive channels and

specific bmana es tﬁgmfiB %mggl}?’éllgPo“%?Yﬂﬁ%”ﬁ?@@né'Beth%‘é‘P@h"e"’C“Y’ time
receive cﬁéﬁ%‘l“"ﬁé&?ﬁ’%’@éﬂfé’?fﬁﬁﬁHé'l“rsﬂifcmﬁﬁﬂséfd%ﬁaméﬂh@mm sequence
down-cHtivaretne IRty b Bearc RS SR o ChErelaptsraigiBele TDMA ranging
demodeitatl Wik SRMR hostiasingsighal, and an interface to supply the
CPU with CMDA code-specific measurements such as in-phase and
Quadhatlind(l &@pooriatatinmioncatsns Hatiensushoiionally, MBHFERE ¥eveen the
channalalsaaigs: gl MIDIRIIALAR NALISLADMRR 40 &l ovia
chanaekARRTRINNR. U A% SaTIRan Umer valles, sainter feadings, an
statys information regarding_the stat éaceh r&%s\/% BB Aneans
Correlator engine ang svATABie S?M‘é’é@ﬁ'?@ﬂﬂéﬁ‘ﬂ? M prsitineing piendls.
% ggl}rptent the CPU uploads data to the receive channel, and

seq u'e'rﬂ1l 8L TDMA correlator engine via the data bus, prior to
@é&‘}?ﬁfaﬁﬂaﬁﬁ?ﬂ%%@@ rERISA Retisieparecttseiprogrissdirmischonvtetradi@n front-end, a
fiéroed foedsrraemicettirddtenainedhbyciive FDMAISHIRGEWERTE THINAtQRclator
aghansIhAtitie ﬁﬁ@ﬂwa@nw@@ewmwm@msﬁ 5’% nietyal mgmed,m
R Rihipaes m@%uﬁmmﬁgtgpamﬂ,sm@ém%uaa@ BRSNS Lot of
Jhe data b WS aswell as th aEI ed master channel timar vares for the
start and stop Of the INtegra |on(i?ﬂ]t’ér‘{}3'ﬁgﬁﬂf§e mlgﬁ‘éﬁ%ﬁ?ﬁf’é%w to each
PR \?gawbnﬁ"éi’ Jerel e preResiT Sprensien frogieamin deiinteryertibn! finte bageband, a
Enédiromsiatentngitreo dsgistdns it CDMIppEoitite Bpsintddacehetwoemine. cpu
V@R LEmd thedpgstin seeivecahanng! anw&gw%ﬁwﬁawq% Q:t)@reiation
akmlﬁadﬁdﬂd&ﬁﬁﬂﬁ@?@&@&%@anﬂé?ﬁ!«?ﬁﬁ@‘? g sl gjatlgln Itnltr?tggéaal {ﬁateis(é:ol:r)nLnJmn

give channel data and read the measureme
&H%ﬁé&?&%{s@mﬁm%s suc as common r%mer vasues counter readmgs and status information regarding

the state of the each receive channel TDMA correlator engine, and availability of measurements.
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10 values at approximately the TDMA time slot rate. For example, in the
Radio Technical Commission for Maritime (RTCM) pulsing scheme, this
translates into a requirement to service each TDMA receive channel

within the position receiver approximately every 91 microseconds. In an
alteiamEr e ribedimrerhe R @Ridiuple ads-datavandirenss ascumMiatede TomA
IrePrhiage agink Quaabl b eus|§:Q) aamhfr&@ih%éé%m,{%m@Cﬁb%gmed
OERAAIR: it & QiR RAFARD 67! A BN A UEL Bl R, ¢ e
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n8Esufehrerritorenctisinultancbupiyihraugh tlsepaiatgiIeRE.lAGaH0BScac:
withimthe! ded@abeiSaithis approasix ‘%@’dﬁ@ﬁes rUHQvQé%Ha‘éP&!Qt%J ?eta% Eﬁ)e measuremem
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ed (ST BtEhEntTres r‘ié‘&"él Mpyyreceive
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Wﬂgf%ﬂﬁ%éﬂ@%&ﬁ%n%Pﬁ%frﬁﬁ%}%@lsm sel%trge f? IT%BF:Og ¢ slot periods

949%5%:-0%% %lghconﬂ%grggh%nrse %nd Eu sing s Remes it within the
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MBOiTEr Y the PBRIER frikess rerhEptiscRintg loiisondhes twddeaatkegisier
‘EQH‘I@T"?H&W@ Kréorg Sdtediarationinteryey enuitipte odsthaciRMA timesiotinent
pérodiorexaijpie) bgauising ihe-Radie: 3QikeshnRitahSRmmIasion fak. i1
i&é}au;ggmﬂatwaw SHle] ﬁggﬁmeoh%lg BNfe &?e%%ei”qdrﬁﬂg thrreﬁito éngine.

IR kina 190 te rate that is possible, Is

Eﬁi§£r@ﬂﬁ§:ﬁyg ?tm?c%&%% qgi q n’? olI”?P ? L 5 ea%}gﬁavfffih&ﬁwénd

ositionin S|gna IS pu se -0

ond. E
ﬁﬁlgéconc? tfflfé e OIS PRI PR SRS i USRIV iderhis eI Rumeestonly,
aFHIlﬁé@f:B‘Itfade?ﬁ%Il@%I%c e breerspiting sehsorem énteddbtheh TN ogramming and
seRTiOriigrsigriatted enoniyopos Silodes. abtine bivallliseGAREKTIRIPEME). schemes fit
viiteast beracip ackanpilaaRseRaiealthis | millisecond update rate, or
35 a slower rate, depending on the performance requirement of the
Iiphs m&mmeabﬁrmém,ﬂﬂﬁ@e@mﬁﬂaJ&MAmQ@% ’\f%%e%ﬁﬁb%beeame% lrackang are
ofEaaI R RIS BN SliaGked LDV, signals tacking loop
TecQmpalr @m%%r%na ¥ arrlnlllls%%MS timer interval, The position 5?\?&%6%?
ﬁronous ly upda ahe ek &’F‘ésr‘ﬂ%ﬁ“f‘ﬁ’éclg?ﬁgfﬁémbfé*ﬂ%do%a‘&ﬁe@e the
= é‘ FHMATSESRSHA A gpiste e dirbl ensvitly Pl adpdath fENGdpositioning
sigorbiprialicety dudeettAdidftielbopliso i ARN mpyt ppatated Rentt aCkiB gl @k until the
nqperdifiveters Thehat :m@grcammﬁwaﬁwm\ba&mgﬁg@gﬁa@m QJ;%a &&%bue
aliRokingstoan safiyare. %&@J@ﬁéﬂ?ﬂlﬂx@ Mé%s%l&na% 2 }]%stfac%hlw ate te or
a g%ptlﬁé lggb&dmkeoxg%:‘eo &%Veaﬂlp t% ll;get!'!?eg IO la;vggsa%gnlrecélivgr aInrphlis t?x?im?)ir; TDMA

ofrelator Engine Configuration

broagcastmg scheme, the receiver soﬁware updates ali of the tracked TDMA signals tracking loop
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In the preferred embodiment, a TDMA correlator engine is configured to
execute the correlation process on a specific CDMA PRN code during the
reception of a TDMA transmission and supply accumulated In- Phase and
Quadrature (1&Q) data to the CPU once every programmed integration
intEFPEFT i< il Eseanc Bres| itervre-Tiseratites pewited eier minashbysthepdate the
TORKESER et preteemindtion snearsyk opexamiRndl QR LADRHENENN repeat
op<ig. pkesentinyentiomiand (g chiRCMBPaMREAUSTANGPMA 90845 o cach
traosmitadabadRtRRll Q2R GhiRsiRa IIJ)B%O e §Pdn ttess eazi ﬁqg)‘im signal’s

SEALRNGE, dura ok Jpilliseco wem‘l; e.JDMA broadcas
e R o S M 1 e dlerPta o3

pulses each CDMA transmittef in a pséudorandom e

chmAQf;@pemoggq ,@r@ogﬁnls mitted from each transmitter in any given
WHU}\@E&%W%%% 1mmp|s,r8¥\5ﬂ}\/|des 15 eleven TDMA time slots for a network

of chronologically syric roniz S BOLITEMHG COriedal e re e repstuioaprecess on
an Igf)’p?oxmate 0%’ ?Fa‘ﬁ'é‘ﬁﬁlgselffﬁeﬂw&?a@%r??@ﬁ&%%“tmnémmb’r@miawd fn-
tFAHE AT QBB URB Bt BarRdigin derationanddalseady iflerval. This allows

fresepiron oyuss o Fonepddstinaistiby b TiNpIlses RSt oPERsGribed duty
cycle for any given one millisecond period. For example, the pulsing

Sehemmeloculdqpuibeli@ ol irspfekavieehig a (000 EhipRRUEEFANONEIMIYcode is
thasiemabininge/sd ctnpm&@%&hﬁ%ﬂ%&%%%ﬂk@&h&@dE\Jﬂ%n c:%)i mlillsecoud

mlm%{&a@% %Hﬁf?pl’l@g &m%w1§§l$‘1‘h1 erl FR u oran 00 chi such that 93
gH[L%tschg ips, D uss%lgtg)do ch s, and pulse the rerhaining (':‘ﬁ'ﬁ
Therefore 2 TOMA time slo coulfdT BEUECR S v poalisreonierad %ﬁ*ﬁgﬁﬁ“"des
i this e%]&‘f%f[%sr 195 301544 ohsterelrEicRile sevraizd tividtionine 98 Ghips, and
(%Eﬁﬁ%&ﬁﬁ&?@!%%‘%ﬁ%r@@mm@syuwmlﬁmadr nedestoie NUka @rdftdfidsion puise
prréndsfore eperaderaiithadvasialale ingrationsanchgsnag aa@rmﬁvgggeyy@a,s the
pesaddengyge ve e div m@nd%@é&?@p@sf@%&wmw tﬁggﬁls\:/ne s Ieme could pulse
Mtypfalmqeﬁlwlo@a i Bited MG R RL RN e é’f?ﬂ)ﬂe ured fo provic
g Storage of current tracf(mg values in memory, eithers ﬁ1e°“(‘,‘?ﬂU°6?“ cn
R SR PE 2Pt e e PO B 30
GiBt, 2o eydskithy oatins Hhehisg ﬁé@q@@mmpuw Aifitialilddd foshtinespessible (twenty
Pirsgrathrintethith gratidmperitiel didtheug hildhena BinaGONtiBHRUSHackngy o)
niveshanisnTincirdeddn e TRMMOHKaALe 6&%%@1&@&'%@%!&%9@9mp

phidieliZa UL QI BGKING WA S sy RVILIES g 9?;‘!3'& 9 lLas Bx%"a“n vt signal.

synchronous TDMA positioning 30 S|gnals utl zmg a sing

OBl QoS n e rora VI%lél:? ram
1 aging ill{eaf;leuaagmlﬂ%%,%wc{ o Oggltaf : r% g d’osc.n‘aﬂﬁf’“’"”

I tIO terva cl nd Carrler Yy CO
({i‘. (9 ?h %P?e anc ra\t:eh aig)?(%lcé)ge B8 Sulsfe P AR T FRSRiFRd) TRAEY time slot.
Tﬁ?&i‘ﬂ‘és" 1"8?51??&3&?59&“5% Ry frital o b mesigratemmndarsaiator eieiolhough
thefeth @ocoBinntesinen GG hebddindhraioMalweslfor SHPIREMME Gpid storing and
inprdigréampf ectinicglaliprvrke INalSiRyRo GANPRIRMDWE lbﬁcﬁﬁm?’f‘wlﬂgsmomng
sippastefishan @ﬁkﬂ%@%%ﬁé%%@%ﬁiﬂé%dép GOUNGR rogng'gp gr)ri]%rammed

m&%%@%oepvatp x?ci}{ Iggccl)em H‘]cgrr-i];P c% tronlc OFTA%grﬂnlna%%qgggnd rate as well as

tthe(th{;:tJ the code and carrier Values
R aItse] ?h?%’ﬁl&ﬁ&h"?}vféfeaﬁheffeﬁﬁ%ﬁét@tsv@aofraemgwmswmmedwuons
"fﬁPéaﬂE‘ﬁGFfjlgaalﬂn'é%‘P abijusth et vithdd @O phasedrased Omebibitintervals are
cogiraipdieyin the master timer value between the previous integration interval
and the upcoming
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programmed integration interval. 3. Adjusting the predicted code and
carrier DCO values with corrections supplied by the position receiver
tracking loops. The position receiver tracking loops adjust the code and

carrigr RGRvipAse.ARALAEM intaj onthe received ..
predictions to maintain lock on the receved TBMA positioning signals. 4.
Further goskeciing ' deg,an c rriercDCO values to account

for inacmf% rl%gggir{f\%%?q(‘;ﬁgnﬁ i?:igfle%%u 6-Dasd THANR pILfErLg nerval
embodiment, the master channel tirer 19 afA et SRR PiSRipRse based on
oscillator (85 SOt Larhigrpketyphisafrisushrsrienirmer sribulpconing
from 15 RTTHEsEtiRRisRHe position receiver time-base, provided to

the position receiver by the receiver local oscillator (LO), and the
synchrdtzeiasgbsistinieg ornrebvets MAwerkstivite dassonT hesed egeivessiion
LO-indirseitkcbebsingnidopariies REOnphaise mekss IQMERjue i Sodd @nd carmier DCO
commaosrde aill ohidhelvaeasuremmeNiskohiais ed.liam MI&JEQHB{HQJ signal. These
posﬂm@u;@m& q‘%\élf%&i W%ﬁ%ﬁa&ﬁ'ﬁ: %Mf? %cl‘c‘no?la%ﬁy {%QPV%Q trgfvrﬁr Igsitioning
separaple from other positioning-unit device-dependent measurement

errors. 20 The position receiver tracking loops commonly make the
adjustrpghts & ' itheRQsitioning.. unit device-dependent -
measurement ﬁgggﬁg&? ﬁiéﬂ Isgcrﬁl) g(éd 21&5\% i r@ %ﬁ%f%‘? & éOrrae%’ S BOURTTEAES © te
the correction 16 the mastar cHaMS eI Re M iBetabsIrserdtars imer is slaved
matheMaTcErfo e Mg dHDy Cetsrdsraien REMBhon @R fibe result from
matheffsdes ipreRen sho vidision orcaisiu stent. Op Vel &SRS pdiaN RRLTENEY the
time-basevo adighswittivtheoinmer baseakdhed s LRCHHORINGHR imo base.
devicesuda d5ian alsmaliveempediner el seaeniqcabosdlislor (LO), o
can begigelaioalgnih ihe e, base of the network of -
positioning-unit devices. Setting ’ém&%aep BIHRRE ML JSHse Bt Fe g gomamon
DCO MCiSt BB etat trigreablid tin e s idonipsuirdeeinisnsedenhmesrons maes crors.
set in & PiEMAcErrarsidedmyitentotiatito faladseives generdtesntisitioning-
PRN coddsihakaetemmineithe:cedaphaseninditieat i mewith &csBbifs Rt te
linear ieedhback GhilROISISNS tfeRb-vhQ SNRANLGINGERIG RDARS I G naged by
linear faedhack.shifkragisters fhaRlare advanced itgrs held constant

providing & {P'QtiWOde phase change with_respect to %édfﬁ%%?ﬁﬁﬁﬁthf master -
broadcast signal. |fﬁe'f‘tfl\%‘B%éﬂ?éﬁ?i&a%i&?fg‘fé',“%%ﬁqﬁwlé"ﬁ%é“kﬂ%%— In
generdt8tFBY Y Frkotiner dhrerekprife s gistaro( PO RInte trerauprdigh plige time
for eabtrepfdiymtworieef intdgrationit daterval is not possible because the time
required to change the code phase is typically much longer than the 12
Stitting thedidbRidre the TDMA time slot period. Therefore a different method

Tierpbetianghed D ReOp b semisiRaes NLbgPIaset JINGAO . ThS, e

TDARRGOHINROHAD pravies.AOahed.and deviee J&J%%%ﬂ?tﬁ% IS phase in
RGP AR KA SRR RS WL I eI DA o tho I
gil%nals._ In‘the preferred mbodimart e PR c S &hamss (rfods Rigse: the linear
feedback shift registers (LFSR) are advanced or held constant providing a relative code phase change with
respect fo the incoming broadcast signal. With TDMA positioning signals, slewing the code phase
gencrated by a linear feedback shift register (LFSR) to the correct phase for cach programmed integration

interval is not possible because the time required to change the code phase is typically much longer than the
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S all of the PRN codes that are to be acquired and tracked by a TDMA
correlator engine are pre-computed using a linear feedback shift register
(LFSR) and then stored in memory within the position receiver digital

Iogic used to implement the one or more receive channels. The TDMA
corrSIASF Enitte TBMdite i RIo& Sbieeecp difioenfromhor Tensotye witheid D@ phase
refjuffeFRER ot et inemting of the linear feedback shift register (LFSR).

This provides the ability to set the code phase to any desired code phase
of?é"éﬁ?f%‘rﬂ?”ﬂﬁ'é“é’ﬁﬁbéﬁw Rsitindelad tirendy acieess the DEMEAIEY in synchronism
lotatisn ,iﬂFﬁf@mPMquimfngem@ﬁatipg tweﬁ%mtbﬁn%m fhe Wﬁwgﬁ‘umces for
MBhOuy hiets divesady a8 1a0e Q4R i g RMIMABMBELALNAINALC L0 computed
pesiarite SarSAN-RioKeRSy A0 ALGIAYe embodment The IO
Casielalnr egingIp goRfayred with two ERN gotle gorcratofe ORI “2n
cqde generajor is used for the currently Facked% PR ETgFRalne loads the PRN

received within the Carrere 1 B Atetrate amtenraring afide titcaofrdpass shift register
pfgg%)t fOHLAe b Ee thilntosersitspnehisign ety dodidacduithinciig in only the amount
stbdey trepitethte grerofhintemeal. FaieprabesSdmGaNHNMALENALRAMIBIES te code
aktawing thecpresbiting andi-sarching. ok L BN.GALE SORIALNS orotasion
captained within the TDMA correlator engine. This embodiment reduces

the memory requirement at the expense of an additional PRN code

gengratakiLi-isAddiiiorah R RN6 eneratol facilitates the rapid
rgg@pﬁgggéeti&r’] Qfthe IR o@ﬁ(‘:eogrelaii%?gen%in‘é.c_%rgr%ga‘r in'the proE8Legpiors-
elrl%-g,a%ttliln%%hq PRN code generator to fiie caPrhiretirmgcoeigbyitfthe current
lingar 1eé rngwsﬁF’l'ftﬂ?’%&f?fe‘F PEESRY it Fitsescshesiiionide miginé saokingthin the
APRISYEY dutrarringidrien PR Rhie ceisese fuenteoesie storeednataemony: Witdting and
e f g\%“@‘&ﬁﬁ*@ﬂb@@@d@@ mmiiﬁimm&%l%ﬁmgine. This embodiment
e e e B S SRUIR HESLRL B Ui
ol neacfeedhag Ister, DIt pattern of the
pre-set PRNtcode generator and téeaﬁ%ég‘?ﬁeg%cﬁ% slalﬁ regiSter (LFSR)

oo SR IS e Ieiom s ol

ricfisedr . ';A‘l‘}a rnatively, t I
%ﬁ"é%%pe"?@fne er _?e_ el et o s R e B R et REMesde sequence
fotie’ 2" (arid i itddd YDzt RBN etdeciensmyinis R0drconfiguuatkivithnined

FLIEREEe PRN Gequenety geridiatolof hadpiesent BVRREORedbRR shift resister
@SB Lo 20T BIMA- RORMIDRIESGHRGH 4% RIOWIAE the 0, S TR A. LR HEINOt e
058 RSN AL IRIERAIRIOIA AU HAMGN (R e o e
EEQJPFE@&BQ&Q.@%EQ&‘{EEQQE%';,%?”Vertfg AIII)C% itin the TOMA Ot
engine 201 these data samples 202 &f& “SuiPiEd 6 B&the In-phase (1)

S %)QQ{E@CA(%&A‘WS of the TDMA corelator engine

in th

ﬁ%lﬁi%gogr%ﬁ%%%m € reSpactive Careriierssol keodenmtritha switched
in-phace (128 SHacaasarstsrecrderosriompo Haltsnofithuneaiziel )@@ ded
89 TRIYES sutislater sraiemrAlY #hinprsdR0 58RO B @sUD SRGUERIMBAGSS tolend
au@@éﬁiﬂ@is@;@t& @QDT) vWhith axcrongedomiticthgRRNCade cﬂfbigamp!cs 202 are
saRpuancanmOMdRa:RY AERNIRRNA SR UQkAE 4md NGRSOl the .
26058 MixeLs 210 és@e%ﬂv?ﬁ%’r\r’i'egxen &ggrz%l?a%% 6va‘I%es which are stibsequenty

2diRassed tg their respeciive accumurators 24 3% DAt HeAPa aptugre (Q)
accumuiation varias ‘a%e%%”d TSPV RRS O[S SRR 8 s 86 v prtbgeghantip eddsed
"YU & et B P 5 Teiranrgrodeds FRNyda @B s-@U6e Flo@datjerPRN track

selecior 212. The outputs of the code mixers 210 & 211 provide correlation values which are subsequently
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DCO 209 and a PRN code preset selector 217, are controlled by the CPU

216 via the data bus 215. Also provided is a channel master timer 218

which is connected via the data bus 215 to a TDMA sequence 5
deferminationmgans 219, The ch aster timer 218 provides

res ference timi mlfwgégor tﬁmm'f!['a)tﬁ/ﬁsgl?:é%%l{l‘gtﬁééﬁ TR ST T TRgrged from this
interval star% YopIsIEe GreainbasHin &Y By S ToNA et GBUEAS. The carrier
dBF&rﬁ%%%{ﬁ&F %‘ﬁﬁ%vzﬁfg IR Tortheorilsehchafiier timieriz kBraind 215. Also
pPerétethy cestimagthitie2 Baginhingandiend:ofic ése piion Hitha T quence
péssitionivg sepmal 218, fingt EP:R:N;c&d@egema{amr;zam@ngf@enggqm% RRMe ToMA
cadelgenafiai QbR 24. atgeaiiigraduithing RRMN 8@‘3&@9&&@?5 RIeHIA A sequence

2&'9%:1’171- hﬁcﬁ %&u‘g%g JGQ@QK%C QJ %}S%:ll lgt\’%fllql#;edlig aléem? %é—ﬁiﬂtde with the

tg&&“ﬁ?%cp J I!:%%ttf IB I}I 5 enesgt?'(;[ o Zzﬁ%:i%r &%ﬁﬁ?@ﬁrﬁqgﬁtor 220 and a

enerato |n sync ron|C|tyW

in Ce(’f‘val RS S AERRN S B t‘??éﬁ?ﬁ\‘}lﬂ‘@é%%é%é%m&fm#h%e&hs PRN track
FUF AL FoctRBeERh T RIASHRstRche o8putedchirigstinan) cody aemmed Bt the
tirsedPBN integration ipteivalyhe RN wodepiesainteleciol Aki-RISUFHANS, as
tireRRN 6pde fmmmeechagsﬁmmnaexagaiﬂat@am&*a@vc%ﬂht%sf’ﬂ%a 218
G GRRHHIH LRG0 ﬂl@gﬂaﬁegwqﬂxhé%%%% %é]étsﬁg@%a NACK ars

or I tra ve rn t e current
%% gﬁf@gogeltgr tEe nex % to Wth eve ?EE’RII\SI céagT éﬁ&tﬁt{ﬁg zﬂmlzzz is not

mterval the output o %enera Sr

Y e o SE*Wn*th TS Abderiiearios Lo N dyserion
fh‘éftf:‘ﬁ*ts %’ﬂﬁ‘&ﬁéﬁfé’%ﬁé@%%@é%?é%@ﬂ@@fbmm Tckoqbraer COMfigiapet to the
thiée sevongl PR]IE0Ce gendyator OB1 withithe aerrest BRNreedeitagUiiedo pre.
tonfthiee mextdie pration dakemaba T Rig Rre:ganf 'MQUMW'%?WQ%& rt\%gratmn
QEQC&S&Q QQXKW% E@%&&g@tﬁg Jg%%q)rfrqg&ét%tlgg&? 95 ?é € cormet starting

uwed |n aEhnext integration interval. This proCess is alterna

|m(ie()![E he TOMA Sequence de e?rrﬁ?ngf"f)ﬂr?‘ﬁeédﬁg,"ﬂ%é@rﬂﬂﬁ@% iR&4 sepuence
?fﬁ%@'&f%?‘hﬁ*ﬁ@é&b%ﬁ?ﬁm@@%ﬁﬁoﬁtﬁw@waf aaebrsasht dtkesrrioelesetetl although other
spieeiedansals witwiishe brodstweopbembidobiripieahthecpt@sent invention.

The simplified TDMA correlator engine shown in Figure 2 only includes a
Tingjrerlifed iR A rarchotioaatyhdhe iPFampt (Rl armndeAddigenabirackingotionally
tmrﬁsr@:&&ﬂﬂﬂmmﬁthg)ﬁhﬁ ﬁﬁ@(ﬁi @iﬁﬁ:e@ é@ﬁﬁmtﬂay@migﬂm@,)ﬁeseﬁ invention.
iExampiRsiRGtudeni ark (5) haig: )L ARG AR TG A Ry b VOS]
J}Q%ﬁc%é%(lr:ﬂeoﬁahaéec%)q gr S are p %l? oprjqim fa CDM&E( ’:Jl“jnp spacmg

| T e i8R ta fi S Risiing am

qm the Prom o“Lgf‘é’ Fu thg ng arm i

RS PR I ® é?ﬂ‘fsa‘ﬁr‘é)éf‘&ﬁ'éra?ﬂﬁ'ﬁr§hia&ﬁgﬂgs%h HQsreearter of a
chigeresk of achip oot eantrnishiothipirstspaties eonplsenigntiar Fegutireclurality of
i AgS @rebiisp ssupp artetinshy fh et plhyalinahe lRAGKING PEP S:@htion.

arbitrary spacing and density fall within the broad scope and ambit of this
Arnnssitiionf BOMCHussidig BiEfalMA Positioning Signals At position receiver
ASiREHuPsetoR PASILIPNHSRSIE R iﬂé’t\fﬁvg RN RIRAYO R Qtion directly
.mg;m%&gﬁqrbee . a.aynchranized m%lf ¢l operation, n. hese ks TDMA

0sitjon Jeceiver acquires an frack Rﬁ,& positionii S|gnals IUE

the
p%mﬁoé) TPoRAoEY n&%gfﬁ%?%%ﬁ'f('ﬁ‘l‘?ﬂ‘g"flﬁ?f‘ﬂ%\ﬂ%é%’ ge¥esiikehieve synchronization.
Te PP MoPRChrp iR HsesST XNRRSTEgIEPRivmiRkitins | mictabsaidhand acquires a
singisitidiner ER M epsitibalsis b giohild dant hnantiieqsii@maudh Ggein-view. At

thisnigueTENApOsiianing sgrat tanemitke dIaRRRRED &quence of the TDMA
positioning-unit devices in-view. At this stage of the search process, the

network time and the TDMA broadcasting sequence of the TDMA
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14 positioning signals is not known. Therefore, the TDMA correlator
engine is programmed to continuously correlate on the single unique
TDMA positioning signal. During this stage of acquisition, the position

rec{gigg&ingggré?qates the navigation data transmitted from the acquired
positionirg-tnit AEViEE T8 dEEHRih & pOMASHIFRERTREke igeoramsed issiotinuously
tirfi& IR PR Tosin arigre B HSHerieinp istele. Thpdbinsmitteth&naigakiopbsition
dAters i resiieiabeimfasriation onsofher foSHicRINE-LIRIGAAVICRS W dotermine
amektiveirerespdotive riRiNspades. AR HRMBNIROBHERRINY SEAUENCAR (hBumitted
theingransmisaion-Hme SiRiskRNGSIE JasllRMA, Resiioning signalhas
Do aaseie 930S SEARMORIONAA IleTosated, e postirt receler
SRS TS f.coarse nctwor tme fraih, G RViBaliB thnd” Phet
cgmbination of coarse nétwork fimé ahE-te BRNEGOR eIy Brfdien gfegiver can
received TIMA TSk SR Lign ar pesimig e chintmpirtormtiene barwork time and
r&UTRY Toske Sl St syfitehrespivealtiDPME toet T Aigbair (el RN tatiftion
réRseivd fimeoakdmdranismitierthsINah FRIGEOMSR SYRCRIENZAION Fe SIS i
Indhve Pusito: sgaafieinl @ik ag RtRRIRN. LG IRSENELTMA. ecoves
pasitioRiR@sIen AkReRIRACHMIAD Asssond unigue TDMA positioning -
gL b lipcking parameters of e et Tt posBnMgisign Arer=icls
?gﬁd in position receivEr memory, sUch SSrnRRSIEom e5<ienmsmeiesh as in the
AES e FAfol B Bt Beikketdakesitst ERDNIMp ositioniingisignekn it

WHE AR 15 e kP Ackipadiasthe TDNKA br tadoastingesoauenee: i deadiiG mation
thenpreVioeshyysiof eedigicking tafkEg akar &fﬂﬁﬂs@&'sédﬁlméfaﬂmpcﬁod, therefore

prediating haitiaskingMalugstar this subsequent integration period,
therefore bypassing the acquisition and search process. In the preferred

ngﬁ%@%&gaﬁ&%;@ﬂmﬁﬂﬁ% 8 %‘ﬁﬂ@ﬁ%ﬂé%@ %TE 2 fiest, gpsitioning:
aqouive g i ing signal, the single channel
st s O U L
SynchroniZed mode Sucteael Susfisrsduss goreskeaearionasdiivices in-view
_5 'Eit‘i’&ﬁ???&"aém'é“é PGy Feb ResHseingE—iof s lieelit srpuvititn gt device passes
plsritipiresatite deRBY. Tive HirsTRIAItioRisgs WA HICRMIGEPPRFSES-unit devices to the
Miﬁmt_mrrzgﬁ;dm&m cFa;B N&Qgﬂﬁ)mgﬁl—@l}é@t}jgﬁﬁféjrgﬁqgte%kln@%g‘r%gy its one
ROSILOMHRET Y i iver via the navigation data.
Jhe.posiion f%%ﬁ%i%ﬁ%gfe.qéﬁg‘%ﬁﬁmﬁ%0"?;??‘%55'Z“é- MEHE e
TDMA correlator engines 16 the: REHREFReY Rn Brantimaiibie semisrrecan wil
PRI LRI ee DA cletalisgBertioning-unit devices in-view. In this
referred embodiment, time within ten microseconds will be adequate for

Al B SMhBA G ISR Arspnd inyeaTRiHerivisiombuetishiervigwothe position
reER Efirgiscbomyisatigui T Bivtited Gaiti o Mg STINSA | portiRvid RRHADGIIMRequently
dm?«egmnmmcuﬁe tmaagga&io Wf‘fg@%%rf%ﬂiﬂgﬁﬁ%%% rack th frt
POSINNG SHIGRA ntly: ich,PRN code to searc
B v Al bl ol
unigiie TDMA ¢ O_SI'[IOég%SIg al duning £s iirﬁé §I8\e By thitr aldkingVhen the
SO rmhaton PESIR B RRamiey 24 ribe ey igesios it ritqiae DB the tracking
PNt g steiead d0MAPaidormmddnihgetitredgiots pudierdemeSEmOReory. The
Tmrﬂbgiﬂ%i“@@@'@bﬁiﬁ@wiEﬁﬁnﬁ%ﬁb@p@ﬁ%ﬂﬁg g@"ﬁ*%ﬁ’e&@veg it occurs in the
TN Kagaiatlsd BaliRelip . i eIatR NG S GORY il BMARSIONING i
m§|g£l@5n§r€al§£9rﬁndtﬁ% %gsﬁg%lttlg&grrea zggvp%[ic%,PaLgJa:r:p Eyrgaosg}:/fg-l;&eacquisiﬁon and search
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TDMA correlator engine switches back to the second TDMA positioning
signal whenever it occurs in the 35 TDMA broadcasting sequence by
loading the tracking information stored in CPU memory and predicting the
tracking values for this subsequent integration period, again bypassing the
aeyeAsitidhinpgcseay cireds groghss. Vil proonss s apeaie dhti aughbalivaitable
avaitsbiesTDMsitine slotsyian watilatbohiseiayal ableudRMARSSHIO NNy, and
stgrals/ayeoaeguired and tracked, allowing the computation of a position,
velocity, and time (PVT) solution. Alternatively, once a first TDMA
positionieg signatis AMA FedARE SRR RAIRION SRla NSRS St SO S Roarse
SeRebAnk limeImaYihe. sy TTicigs R ﬁrﬁL?gbéﬁhetn@e JRE0L e feCelved:  vithout
TR ARSHORIRG200% WO o %{,‘n”g osition reeiver fo ,

compute a full position, velocity dtime: SBHLIRHT EDreiion igr expmrle.
the nétwork of P8 ﬁ%‘%@’éé‘ifsl}r%‘i}ﬁé%ﬁ%ﬁ PFsirihystiituevical iyeidin 10
KABRATO ofll Be ot Toekilotietels GrarawbLgitor@ocivly, thel the limied o
rRRKiteAtlpTO P patiomid diaRaioUlet @i Grited ssionappuastimateyndulsing scheme,
rerdrpgecondt idapRediaidaehnicalrteR)issitN.fo M%ﬂ@ﬁn(glﬁgg@opagamn
RULSIRGURCREME, a@Qo@@%‘szgi§%ﬁJHQ9ﬁ¥9&&9&‘x{9§%§ tﬁe]‘fm selt?o%gz 3i leaving
ESHEIRLEAIR SPIDRASEL S MAKITHT.FCIa e propagal v ot

? %ﬁ {6 ]c_orraxate & WWAS@’HE{ will result

resylt in at most rrg)lgés}rn& s microseconds of
positioning eignal ISauiRG Ee MicrEel conHLiat RemRRH BRIt e siasl ép less
ﬁ%ﬁﬁe@&ﬁﬂ%ﬁ"ﬂﬁﬂ&ﬁ@?’f’f% Phbset s laetinilpf & uisifanachoie red the focation
sigrratbrensieiselly i GNR) pti@ovevaill Goirs) ationpower AagSyHORHE mode may
missedasyghal isrlesmethanis2idBrdsingnhaayailakieddowledaeof the. Toma
felaimdagalian:oicie RASIOR (ROGNCL ARG JPRRNANAS LI rurgermore,
soAsvloniSaeYRElIonZed Rosllp gy ovices, tiahation o & Y
synchronous mode may. oecur'at anﬁ% MG HRE RISt ko iedze
frACKIRG 1 S RS BN RR O TN POT GRS poBTE kg Sitgitians the
s R e Trr@ed reunsbking.rbeeiydrrenis: dictheipositiormsciresce.
Furthermore, as the TDMA positioning signals are acquired, tracked, and
refratraengsite horaipvies tol dedes thenknmowké dgay obmgtwdiketimeianshdimena
veckived: tieeved gacis TioddAinositianing wignahisrabned QddheOher physical
pritigate the Akcwpmaemelalion siaet aﬁmraﬁrﬁaé?em%% &lae;r&t?bénmg unit

d%@%pmﬁc BQI%H:%HH&:%%\{@ P Slrg%éﬂlon gela DIS te r%n eheftfgcts Using the

oSl Onl. -unit dEVIC S.IS on O man S 6? sical
p a Sltl ntec

engsﬁﬁ'ena caus‘@’erse%n PR A 8%@??%7%%?@%@‘&8%&@@%““ be
Wfefigminal time slot Other physical phenomena that cause off-nominal
reception include synchronization errors within the positioning-unit
Nyatatestha BrysiRe meceretdy carmB Ul et pripagEiie deltiyung signals are
apptittipathirakd ottrereffeptsitiddsivigctiebiab guertigaciihethagqiisilieRity, and
tRCIPVTUB BT ONMBIRAIOR mythﬂ@alap@aaea@amﬂaa&a&mgqy;&ﬁ%m
pmlp@g ﬁéﬂégq;&g bu:grm Xj tqﬁe%%g%%lt@p)cayog % do utlo 15 éeq(l)nred to

SHllssrlniaye, TRMA Bostianing, igrals are A
compute a position, Velocity, and ti t'§8ﬁ‘if‘ﬁ6‘ﬁr TS SerBRon mode time
b%I&%ﬁwaﬁﬁdhﬁmlﬁpwvgdﬁﬂmsmﬁ@ ¥Rt RS AeRoR g Tbiglpmrisies tivavork
tigie §UABION prodeationiebheabisn sttBBDMAPRVipdsitidningrsignal sfavevigation
ddve alie aooutise tnolb @ifO Sk And/ Bbeiityin ABGMBopEM Toh SRIMUORLS IROMFRSK of
to
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estimate the so-called common mode time bias within the position

receiver. Once the common mode time bias is estimated, the position
receiver computes a precise estimate of network time. This precise

network time estimate is a combination of the coarse network time

pPeVierIRs Byt ARy itate Prerifationoof theshavd gutiprhosiatidne tommoohmetidner with
titrerbidso e ipositionimgsighahipsapagatien delays from the network of

16 positioning-unit devices. Precise network time allows the

sHeReto zgsibm b fitheamiasteroheahneht psriwitice thReny Qurknowya patagrklocity
timiiof (REDoditioning Ui taeyieas: ADMN Ae-JRCANRE A0 LIRS FAMNRE chronized
deter ned D)heiPASIiARLRCRIMETRP R TN ARSIRD S IRRRY AN red
tWt&RMT?MU%IW@ '&é‘ﬂ? osnlll))qil_x?egci:n%nno%l TDaMcuigrolqg\}a;[gd% ew?grlxntg I?‘espective
spianaloqcall synchioniceq, 2 withthe JOMA hetwork. A SGrlCalt
improvement in received sighal-to-Noise TatfS TERR & Has i doggaitgnwanted
tﬁ‘éserﬁﬂ/l%hﬁbf’fg]’a‘fﬁ‘f‘%ﬁ@?hg‘bﬁ‘l’fﬁti?ﬁ'@w{ir‘ijﬁ"éfﬁ depalrointerrsP RRPCbRie received.
WHBEPIE raepeert/e iop esftivTing sigralistidng rectiviededBivat is dihe the TDMA
TFkktocorielato mepgine idesdnotinie gratikawan esk pRisianechothates.

PRN codes when the positioning-unit device signal of interest is not being
@G@W&ﬁe”ﬁmmmmethﬁmmw@m&iaﬂim ﬁﬂtlf)aﬁ'tﬁcaﬁe S|gﬂgﬁ£&ﬁl{l§ﬁe full sequence
mitigatedaelinaaiedseniiedy ndvadithesMA L2 GRITGIaHer RROKNG S tion
ngoialiag EaNARARR heo A NSRS R NS RASKIONIT Mo, bu
91%‘/_!3% gr.rlnum% Jgirgggarlr%gn %mllljtg)tc(i)lment, }he_channe aster timer fof-over
period Is ionger than the Tull seq TSt B RFAPEDES ChBHCESrR Hdneasurement
PESblution of the channel master timer is as fine, or finer than, the

resolution of the tracking code and carrier DCOs. Other channel master
ﬁfﬁcé‘rsfﬁ?ﬁfgmentations are also possible, but they either require additional
Eernyseiaidity o thariesitiemediivrelovd heovitater Sk hesydinchdasie THRVA correlatar engine
ik bsu derraiving SanoisehGlock Siakiligmihacarena stapiliahieR0stigona:
posmeivaxdacalasailaia.dy Qseddoalath e dDMAS O SIAIRRENI08: M i
Re RIS A 18 [ RUINO e SSUEMaN! BEOAMOLING, cccier
present, a|1r}’\r/e£g(_§)ri1. TradltflggtnaL pos(}thn receivers use con ﬁ/uouslﬁ running
CodS and carrier bt & cSRtdPs e S fitnBta B 4MEHoRSIAnvaHased on the
BAESHTOH Stde PRIchr S Gl valie pretemrifvehtiomdihesthbilitytion
resfettre lprabitioiuice G enstd cahoséittato fofli@)nista kaynéanter. in predicting

the code and carrier DCO values based on the programmed settings, and
Trerotiannetivvabiet dnirovaloemin thedpletedred geobadipent othe pasikionats.
essivainacalRarlalaid Ledis es Beilale SR cR QL INE. MRS tod. 1n the
Rqa@naamme@m@sem%&ﬁﬁ@l&ﬁr&mh@gg'L'MJ&%%&%E% PR repea

oV rthq p,{lﬁggctggy %%rl%geOf the measurements. 25 In referre

Pembodiment, this Stapiiity tif%%mljé‘grdﬁﬁﬁ?ﬁ e BN G LU E R esiefina over
STl i esent ot BetiHrESM BRI EN fobRiralemrergRT ComyqYedSPrilator

(EeHelmeenimethDnA fnihsegiten cwedepdatl pesiibehigliOnitisecond thesefiy of

apmeklinangy positionrbeeivasdaaabesaleicd dhistadiila ¥et PP RWRARMIS
m% nﬁﬁfmgﬁf.@%%@mﬂgml 5}*1@13&&5@%99# o GRS AR Eimer range
il .%%‘ ¢l @ r xcommon \1; r the posjtion receiver
“local c(jgsci, ator {LO), has & Short 18r 2 g&ﬁ% B Rmters [ Sffcint for many posiion
receiver applications.” Should more precise range measurements be required, averaging or other
mathematical equivalent techniques may be employed. If these techniques are not sufficient, higher quality

position receiver local oscillator (L.O) components such as an Oven Controlled Oseillator (OCXO) or an
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30 approximately | part in 109 over | second. Over a period of |

millisecond, a | part in 10'9 deviation results in a position receiver local
oscillator (LO) timing error of 10'12 seconds, or a channel master timer

range error of approximately 0.03 millimeters. A range error of 0.03
miffietErs st #i‘ai’é hidiviait dm{hpersititd erbediment.appligations CSinoilid Oscillator
nﬁ%‘ﬁ&éd@é iPa g @aviaseremdntsddirea(litad TRYeFRGHIGIEGEAGT error resulting
nfetherativabguivalpntiteclRighies mpaybe.erpleved 1 df m@%mr wave!cngth of

teRiRoGLIES saFal. nﬂirslflﬁslﬂﬁnfg Righararality ﬁ%ﬁ@%m L gfl ecrcapr;e wav)é d his
OWIIMt&E‘ O) &fﬁm@@;@ eﬁ&e%%g thé (ﬁ %1:9 mectierﬁ o?t%téotlllrgdeg)t 110 dseaéE!%E by the posmon

n

L0, omis i nd gd ma euse
F@eﬂ/ AZCQ a0l rgﬂﬁgera uréei CoRtrolel e é’lﬂﬁfﬁf?ss(*?@%t?f‘%”%éﬂ’?&eiﬂ’éemem

embodiment, a Te
pOSIt 1(JE)’rtl e eaionp g%?fﬂTl%iﬂ?Ft(LO) The expected measurement error

from estimating phase of a positioning signal is typically on the

§e qﬁf ST RES CARE %@H‘Q‘ch of the broadcast signal. For a
p8§PP BWW%WWEE heaHHithiRed et e Gldred 6 ofdhigegartiete positioning-unit
\H&W|%ﬂqdﬁ§ Bod pio resimabliesndoRarii ianete reihlines gbewpn thRi QR ough the use of
rwilkfprétershohme asikenenbapistnadied Rrike Qp%Si%ei%ﬁw%k%ﬁhemancar
esaillaior (L) @QH&&‘«Q&W@T %M@W%{?xﬁd!ﬁ%%n{%g % ‘?Tﬁnlas dJ It%ef‘ Mﬂ?castmg
G oise.in ositioning system error.p

%ﬁn@?%?qm%% Q J§ % QEI'P co& e ftérﬁ;e dvg[?ni) @Eﬁ?ﬁ&'ﬁ‘f“&% éFDMA

castln?? e Lglence Determlnatlon Pn the

BV bFo 8%?&?‘5 gjssa%?jﬁé’??&z'gbé?é%g?wera@u R eRiEaersTtiBriba geiition of a
Iﬁ‘d’&iﬁ’e&f‘iﬁw tyieSuba e piRitabl doive RRY Y dal time withinttiaguent
pee R ricthe desertiinolighyihleatsicoofzamatigabraiesfone Rl A tween the PRN
feedhadic Shitaregiser (kFSR)ved! aamrdm@a%&@ %meﬁw%&gdemmd

eedivalantimisfIPROIEN NG RARIS Iver detesmines the
transmitted TDMA broadcasting sgquences by associati ﬁgg“ g‘ i 8Séu\7rér ceiver.

REN1LAHE IRT BSOS G 4 Withha fermined TDMA broadcasting
SEICRs P:l'{ﬂlsoa llows fas t};DMA cg{r?;geg gl%)lr?néﬁs ine [Plgghm B2 Ao H W IBRsages

the aC(lwsfﬁon BF A Thg Y pOSTHGATE: ﬂ?ﬁfpa%@f&@ %ﬁﬁé@ﬁﬁéhfhc PRN codes. As
PosHSHAYElATHENRY BRIFEHAS hneitndi AN otsdexiraratione sfotsirs
repiiopiag Ak faYistifddnepilivsdedetrmatiematically priahlished device, within

retatidriships, heitveenithaiRRIN reads ABGHATPMA HRESHks te fist TDMa
oot Tl S R R e
e BRSSP R o
D I\ﬁz deasting Setrrafieuesapl %’Bﬁli%ﬂ“fﬂ PR IPRARG AT OPY irseitiyrage of

b9 %ﬁ%ﬁ?{ﬁé&c% RSt EmicHvRssURttitie Vicasvizatbafetn birs e dificallysecond
reigiatel dtlethbaP RNdndesT Aspanexanplesiamamgnialiondf thige i
pbeiabriigHusis ﬁ@ﬁcﬁ@Miiﬁﬂs-ﬁﬁMAﬂ%ﬁ@gﬁﬁs&Q&&g%ﬁp95122&1% flr%gsage and also

:&Q&y 91@ iple WURHE grﬁiviﬁ%ﬂ? ﬂgg&@%rat%gc}lgeétosf rt]aa ftjléa;;[x}g , m%isg?%é %?IIHEF uwtdev:ces

Se5nd positioning-ynit device, within range 6 rStP
device:. receves the nAVG ést%ﬂt’a‘ﬁfé"ﬁ‘lﬁulﬁ% RfcRosiipringrat PEyigea within view of

%P@%E%ﬁf@%@&%ﬁ%g% teils ST BMLitemilattnaitcdevicec Bag sboote above
desesirsiciTHetyreinitinldarioab Welat BetgoRibeite TR KASDERRACASING SRERIASE Wiere
caits sn@lliig atiedrastesehpoaich albaiRehtaadnesRRN.COO0E AN TRMALe satellite

cdﬂf@ﬂ’éﬁt@ﬁﬂﬂﬁ%ﬁﬂ@& foetl?kﬁzi‘ﬁﬂ&é?&‘l'&é@xﬂ%&%t q%mebroac}casang sequences of

positioning-unit device, within range of both the first and secon
positioning-unit devices, receives the navigation data from the fast and

second
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positioning-unit device that includes their respective TDMA broadcasting
sequences. The third positioning-unit device broadcasts its TDMA
broadcasting sequence in its navigation message and also 30 includes the
PRN code and TDMA broadcasting sequences of the first and second
pé’é RIGHTRGETRAT Gegre ésviny s infaviepitio imedseigendshig: Pracesast one positioning-
comitifsies until all of the positioning-unit devices within view of each other
are broadcasting the PRN code and TDMA broadcasting sequences of
e&entHer PTipe above described structure is similar to the Global
PositioiingSystema((sRb)isysie 0se-6akedsalmanac-HRALR WIS pRB%RIon delay
sattelitarlbinadoans 3arbAL PSR- RRIER P ERSILES el 8s.or I8
"emainnesokihe salglilede sansicliaion Jn his embodiment, the position
eseliadSiRrnes fhe, I DMA hroadcasiing seqiencebor 187f % B
pgsitioning-unit devices In-view by'in eﬂog’%ffﬁd}?ﬁ’ear?ﬁwj&fﬁﬁ‘ﬁi%%ﬁ’éhe time
from at ISastEHE BEefisiiyg- fritelites PlopagatidnnDesiipnios this devices vary
di8Efisehnaieart §9obriensitry-uritveevickmarit racgositions eORVEIMA positioning
inerenseny-tie propagatioredatayloaibh thadgan smitiechHiRM AdesitioniRBers the
ngghﬁmrmesraﬁcardﬂiQg)gmo]{ia'gs,.lﬁad@i;@ tg}% t%ﬂélgn iH@dT-ID—_WAc‘orrgl@tor engine
EQ&'&‘Q@QQH&@E@J ﬂ%b‘%ﬂé&:&ﬁ Qﬁ'x@éeog EQJ%E@%EXH\%QD:H% E]Q\?:cg 2 m!:rz;;?sls ox?s? I"}'Ihosnvariabte
'SHEET i BloL.Tigle. §L0, conseduence when ol postionmg-uit.
evices are equ istaht from & poSItion Tecerv &t HEtesigs fre g gbtiop times.
w‘iﬁ*L"é‘%““ﬁéW“B‘i?a%&‘“Fé’fa’ﬁ%vfb’ﬂ%%ﬁsN? Fiteraetpofiven s ppritipning-unit device and
PUSTRER AL A eeradipesiioning usilgitifrcaFithpippaiistan defrénm the pasiti®@ning-unit
Fedesviein, tovedka psinuieceptias, tifess ok thepBRIMANATIIAME G IASIAR g unit
oseuro M@g@ewm .s?@@eiﬁstqianmmg@ss%@ ARIRRDIRLG AR ong
FORGIGRESIHE elay from_ each paositioning-unit device an )
agiysts:the Jﬂgﬁ%}%ﬁ&@% r e‘}? béler% [gr ccsefﬁl éhr%%ﬁczoél S F}Vi%sbpéﬂs_sﬁ‘itth[%%osmn recetver
reception times of { NE PoSIoHING: urtt dBGiRE R sHes b informagapatie paetion
CETIEI At AN TG rasetion durest ivas andesten iahie eldjuretiveint oidindzes the received
fATegreripyintelpalusrta stopdiniesndrel. ifbstrativie) @xam pleha implemented
pdsitionddecivelvs ‘ot atpad é kilopelarad %ﬁe%‘sp@ﬂy 95&%1&5 lt'&:.giver and the
Memiﬁm@mgﬁggggg}lmond positioning-unit device. The
propagation delay from the first positioning-unit device is in the order of
RGO SRERNAS (NNRERRS: r jon,delay from the secon .
ROSIHON A @ii:s%x??ﬁ\;égﬁm%%%&i%&‘zf? R R g
?;%Viﬁest are pulsing in adjacent BT TIEroSECoRA® TEAA Biiidestbe porminthime
SHrsf FEVIESY PE LI BsdUthg Qe shwisalPhaoness poisss: Msk gositapization
bratEn/aT tRIMisKisR fiminec il resitionieriaj dfiapppoinmete lye B Fuch as atmospheric
diviboios econysoGivedpiliSginiad rediian ot haipasitioni? Qe caliehmadagdi Usiva
e Lel AT pot y s b K PRI e o
“The gxaéﬁt adjﬁ%tﬁentpr%gﬁﬁggt?r%E)Teesrﬁné%% aw%f%\r%{t' B O R IAEERT will

MIRRRNELARAD&.RREQImanGa reguirements of the position receiver and the

T PS,%U,!% ?gﬁfhré?ﬁllerﬂlal TDMA S|gl£1al receptl%"flsming. Furthermore, ranges to

e positioning-unit GEViCES T8 BitsHBHe o Hrarnraiedinpie e presphikieion by
PRI & aH ESRIE b Rwatise ef vaselvE EbviRlp bisitipamiting SIMAlsoteliner engines.
Ardeepylses outbielp tithevadrminil dirsinulancously track both PRN codes, providing that any
of the previously described near/far constraints can be overcome. A plurality of receive channels
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slots allocated by the position receiver. Other physical phenomena, such

as a lack of synchronization between the transmission timing of the
positioning-unit devices, propagation delays such as atmospheric

distortion or delay of the signal, ground effects, or multipath could also
cdseeetrg SEAOSETEM R Epessitio niskisi g atedoliarivedutsite: okt eodes that are
n&epimiktechiventifiedMtotnd fie. technique described above of 30 adjusting

the integration interval start and stop times may be adapted to mitigate
aR§iEingheasé affehetSadil Titiés<C Rammisderd rfooNpok kNG TAMY A e IRHBRERT « single
Exigime e abekerdegatibecdavedanpredensan hadsaifieghin adirihelique
ecmbagtigent oidhearesebingaRian Py \,n,@e\{hdamm%% GEEIE" ',Iﬂfadcast
esplutpibngl iRgeiue ahmrmﬁggl NG TONALQIERIOT EIINCE 21 o

t\%l__\%\lge%%%gverla in time, two channels can simu taneo sfcﬂtra

codes, provi ?ﬁmut OF tHEFBFEOTS FTb A Semréc i shenologically

Ons P&i’ﬁtﬂs"t’iéf?‘}j‘@ BWé?&‘a??fe“’kﬁfﬁfL?r&‘lﬂvbe?@e@% Ynal pre erodddast in each TDMA
.H&*a;%raﬁh*fgpmmmrcmmw%@mm piohidedstheopapalilitpia comelator
teagttemultiple PRN codes that are transmitted in the same TDMA time
slot. Referring again to the Radio Technical Commission for Maritime
(Frr @nifpnisiries gsiiahn @ 2diosTediecat hammisdidhDivl NCanelatenengiiag 6abne = 2
si:mmttampusnytxa;ﬁkiﬂgl%paaitmw&lgmaﬁ)ﬁﬂ%l & &ﬂp%eés However, any
anioneloglsahy SURNEADHE R SIFBIRGIHIN ASHESSSTen one CDMA
positioning signal is broadcast in each TDMA time s ot A two channel

m:xmaﬁﬁwgmwnhmmw&&%gmg YA 99;5‘%'%‘2{“%[ gine

architecile mg&/ ﬂgn ltapeously &rac .TDMA positioning signals o o7 s
é T)‘%Jeecerocn ] rlgolca Y Synchronized. EKIJ%]%I GG e 8%??%%%*“ Wﬁ%’f‘@]ﬁsﬁn"dm
RSSELHOmAY Litindrs bypad B‘f‘ﬁ’édﬁ%’@fﬁ%‘&&ﬁWtfﬁ@%‘l% frhis

process can be generalized to any number of channels incorporating
TDMA correlator 10 engines. This specification has used the Radio
Technical Commission for Maritime (RTCM) pulsing scheme as a
common example of a pulsing scheme well documented in TDMA
positioning systems. However, any TDMA broadcasting scheme falls into
the broad scope and ambit of the present invention. It will of course be
realized that whilst the above has been given by way of an illustrative
example of this 15 invention, all such and other modifications and
variations hereto, as would be apparent to persons skilled in the art, are
deemed to fall within the broad scope and ambit of this invention as is

herein set forth. 20
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