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A SYSTEM & METHOD FOR THE M TI GATI ON OF CDMVA

CROSS- CORRELATI ON ARTI FACTS AND THE | MPROVEMENT OF

SI GNAL- TO-NO SE RATI OS | N TDVA LOCATI ON NETWORKS 5
FI ELD OF THE | NVENTI ON The present invention rel ates
generally to systens and net hods for generating

preci se r ANYSTER EMBETRODFOR THEMIIGA DA OPTDMA

Syst enBROSLCORREL ATI@T ARTIEA DTS00 THRYGRRDIEMBIADES

to the gidNgRrooMOSE PSEdIReNOOMm COdeTICNETWORKS
cross-correlation artifacts and the inprovenent of

signal -to-noise ratios in Code Division Miltiple
Access (CDMA) positioning signals that are pulsed in
a Time Division Multiple Access (TDMA) schene.
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conti nuous CDVA 35 positioning signals exceed this
dynam c range relative to any ot her CDVMA positioning
signal and hence a 1
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posi tion receiver cannot di sti ngui sh between the two

CDMA positioning signals. Additionally, if one or

more of the continuous CDVA positioning signals

exceed this dynamc range, the radio frequency (RF)
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cross corre|at|on i ncreases when a position receiver
continuously correl ates agai nst TDMA posit i oni ng
signals. CDVA cross-correlation is when two or nore
CDMA posi tioning signals, within the dynam c range
of the position receiver, are mutually coupl ed within
the correlation process due to the 30 limted dynamc
range of the CDVA code sepaf ation. The result of
cross-correlation is a distortion of the desired
signal's auto-correlation function, In nost
continuously transmitting CDVA positi oni ng systens,
the CDMA cross-correlation distortion is relatively
smal | compared to the CDVA code separ ation dynam c
range. However, |n a TDI\/A pOS| ti on| ng system
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architecture, referred to as a TDVA correl ator
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-unit devices. The TDMA correl ator engine interna
pseudo-random nunber (PRN) code generator code and
code phase, as well as the carrier digitally
controlled oscillator (DCO, are synchronously
updated to foll ow the TDVA broadcast sequence of each
5a positioning-unit device transm ssion, such that a
si ngl 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 correl ator engine start and
stop tinmes for the correlator integration interval to
best fit the reception 5 of the positioning-unit
devi ce transmi ssions. SYSTEM AND METHCD
Chronol ogi cal Il y synchroni zed positioning-unit devices
transmt CDMA positioning signals in a TDVA
broadcasting schene to a position receiver. The
position receiver incorporates one or nore receive
channel s, each of which incorporates a TDVA
correl ator engine. The TDVA correlator engine is 10
conprised of a rapidly configurable abl ra d P Pi~ Y
'u ~ pseudo- ~-~a~.,...n, nunber ~rRi J) code sequence
generator, a carver digitally controlled oscillator
(DCO), a channel master tinmer, and the required
acconpanyi ng m xers, accunulators, and interfaces to
support the operation of the TDVA correl ator engine
within the position receiver. The TDVA correl ator
engi ne provides raw I n-phase and Quadrature (I&Q
data sanples to a central processing unit (CPU)
within the position receiver. The position receiver
CPU manages the receive 5a
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15 channel's, and therefore the TDVA correl ator

engi ne, to performspecific correl ations at specific
tines relative to the channel master tiner. The

sequenci ng of the TDVA correl ator engine in

synchronicity with the received TDVA positioning

signals is controlled by a TDVA sequence
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116 via the data bus 115 prior to

timer 117 reaching the start time of an integration
interval . When the channel master timer 117 reaches
the progranmed start time of the i ntegration
interval, the carrier DCO 109 and PRN code sequence
generator 112 are reconfigured to t he progranmed

val ues. At the conclusion of the reconfiguration of
the carrier DCO 109 and PRN code sequence generator
112, the channel master tinmer 10 117 value is
captured and dunped to the data bus 115. The ,
accurmul ators 113 & 114 are reset to zero, or Sone
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generator 112. Once the carrier DCO 109 and PRN code
sequence. generator 112 are reconfigured and the
accunul ators 113 & 114 are reset, the accunul ation
processi ng of the data sanples is initiated. As data
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t he channel master tinmer. The key function of the
TDVA sequence determ nation neans is to establish the
rel ati onship between the receive tinme of the TDVA
positioning signals and the channel master tiner. The
timng relationship between the channel master tiner
and the reception of the TDMA positioning signals is
determi ned through the followi ng steps: 10 I. A
coarse timng relationship Ts determ ned. The coarse
timng relationship between the channel master tiner
and the reception of the TDMA positioning signals is
derived from navi gati on data
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bits broadcast i.. the TDM e positioning signal. The
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signal, the TDVA sequence determ nati on neans
establishes 5 the transnmission times of TDVA
positioning signals relative to the naster channe

timer. The transmission tines are determ ned fromthe
known TDMA broadcasti ng schenme and network tinme of

t he synchroni zed position-unit devices. Once the

transm ssion tine of the TDVA positioning signals is
established, the reception tine of the TDVA

positioning signals with re¥pect to the naster

channel tinmer is determ ned. The master channel timer

val ue associated with the
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10 transmission time is adjusted by t he expected
propagation del ay between the position-unit devices
and the position receiver. After adj usting the master
channel timer value, the reception time of the TDVA
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sequence det ermi nati on neans. At the conclusion of
each programmed integration i nterval, the CPU reads
t he accunul ated I n-Phase and 5 Cpadrature (1&Q data
fromthe data bus, as well as the captured master
channel tiner values for the start and stop of the
|ntegrat|on i nterval . The independent provision of
recei-ve channel data uploads for each pr ogr anmed
integration interval entai’s the nminiml register set
to support the bus interface bet ween the CPU and the
posi tion receive channel . To provide receive channel
dat a upl oads independently for each
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programed integration interval, the CPU nust update
t he receive channel data and read the measur ement 10
val ues at approximately the TDVA tine slot rate. For
exanple, in the Radio Techni cal Conmi ssion for
Npr%ti me (RTCM pul sing schene, this translates into
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position receiver. In this exanpl e TDMA broadcasting
scheme, the receiver software updates all of the
tracked TDMA signals tracking loop 10 paranmeters at
a 1 mllisecond tinmer interval. The posi tion receiver
may synchronously update the measurenent tracking
parameters of each of t he TDMA positioning signals
tracked during the PRN repsat period. Al ternatively,
the tracking |1 oop software may updat e the tracking
| oop paraneters at each progranmed integration
interval . In this exanple, the tracking | oop software

updat es each TDMA si gnal's 5 tracking |oop at t he
conpl eti on of the respective i ntegration interval or
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TDVA Correl ator Engine Configuration In the preferred
enbodi ment, a TDMA correlator engine is configured to
execute the correl ation process on a specific CDVA

PRN code during the receptl on of a TDMA transmi ssion
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compyief e code and carri er dlgltally controll ed
oscillator (DCO phase and rate as well as the
captured master channel timer values for the start
and stop times of the integration i nterval .
Predictions of the code and carrier DCO phase and
rate val ues for upconing progranmmed integration
intervals are conputed by: 11 |I. Retrieving the
mast er channel timer value associated with the
upcomi ng programmed integration interval fromthe
TDMA sequence determinationtfmeans. 2. Predicting the
code and carrier DCO values for the upcon ng
programed integration interval fromthe stored
tracking values. This prediction is a linear
adj ust ment of the DCO phase based on
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S the change in the master timer value bet ween t he
previous integration interval and t he upcom ng

programed integration i nterval . 3. Adjusting the
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resgeft iR Afe. ingpping bropsigpst sigeed- ¢ WOt TR/ pegitieris, sieele wlemige thagode phase

| gengrtekbbyptimese feedy@k eliifategisterl{lFSR) loitiR@ateciphRERAGK: Sihained integration

inte@0# ok SksitlelbbealR) ik Bmd (i for each
prograﬁﬁed integ%at%%ﬁmgﬁﬁﬁgﬁ%ggagiﬁﬁﬁf' g%@ﬂgﬂngWﬁm“me
because the time required to change the code phase is
typi cal ly nuch | onger than the 12 time available in
the TDVA time slot period. Therefore a different
‘met hod for setting the code DCO phase is required in
the present invention. The present i nventi on provides
a met hod and device to rapidly update the code DCO

val ue in synchronism "
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with the incom ng TDVA positioning signals. In the
preferred enbodi ment, the PRN code sequences for 5
all of the PRN codes that are to be acqui red and
tracked by a TDVA correl ator engi ne are pre- conput ed

USiinBgaiblk in@ﬁ@‘bMiﬁﬁQ pl@t%'érmﬁ I"ﬁ]lrgfor g gi}}sren? etlgoh ?o?% lég Rl}%crode DCO phase

the
d| g%?&{jgﬂ\%gmcmmdg'%‘&* to i rrpl errent the one or nore
i ve channels, The TDMA correl ator engine | oads -
pﬁi’iﬁ VEHELP rgVéqud e daviceriomapidly updateltfe wéde DO value in synchronism
I’ E‘W‘“’fwm TRYA psbighifyeEnilgInGhe frdi@rel bkt @Hhed, %qgﬁ%&de sequences for

sHii df the PIOY bo%&sei(at ark E%g‘gglmre; !l}lg Fradld B} |aC %IAt cto]%%%oté) |ﬁl’6an gréi)re«:omputed

esire

S Se

i .%&%%ﬁ&r f"ﬁ“q’a"k Q“‘fg %‘S‘TéLFSF %] e stord i emery W@ s ortrivver digia]
tq. %gp;néﬁe ofF{oF mort exceiva ictpnelsO TheyEINMEX @krbIRtG BEEE loads the PRN

gp@rsem@cdth:el 1605 with @R the &@&ﬁménpfomﬁmﬁc}ﬁg lafat'ﬁe ﬁnga(? V\éeedba%k shift register

t’IﬁQ Hdes Eood phiase 10 an
qoNGRY Em & fhggold{t)r b Dm0l rpg I’Tp yd?wetgﬂdeﬂ:ts%?fﬁ%ﬁ agly the amount

e corre tion
Q’?r%me w?fe“ﬁ © FHE W%Pfﬂé‘fﬂat 'BFS teghiie eof igenerating fandy sibringl the code
Wratercet WCPRN}‘@ deedgene platgO¥ifys a m¥Rel SBBMMA@ t(ﬂ:@%%eg&rclatmn
pscaitsed for the currently tracked positioning signal
received within the current 15 integration i nterval,

Wik bis. t for the subseguent.

BO spl %ng&r‘{? %nb%lgg{ta{’f Sl?%“d%l ﬁ@rﬁ’%"ﬁlwﬂﬁé’eﬂsﬁ‘g’s‘mﬁ@ﬁwﬁ generators.
1t 5& Cgclclgﬁﬁrafohts &ipod AYr the Fhfeatygraded pwitibdng Gigid reHilod Sthin the current

*a%@r'mateeal wigikst| thtRg is pRaet M ARl shdthe Ec@ﬂom Védglm? h

sl 15 OBREEALRTS LONL LG L Ul Eﬁ% )

SR AL e 0 HE phee sty

F “‘ﬁ{"“t"‘l’i’@mé@(‘fﬁ‘é‘r?é’@ WA&’IQITW prtgine (Thik embodiment

fF‘N’ﬁS @b pemageTENTerbor at the li:j;dshbf&n adlidiohal POALode Ee?é}ht&%?tfhxs additional

RpBREE gdntHitor fRtGiate et el BGENELgyration o

t he TDVA correl at orﬁerng| ﬁ%ﬁﬁ& gﬂfo ai d ofnrg\l PSS ocess

19faidRk & d enerator to the correct

f ‘:;% | f%% % i BP0 e Fpainn acle somret Fockinggfabeso e imcar
“(’{ ’6¥'itef\9’disﬁb§* vples fastyerd th thertratking ans o babinGiqB FRB! do@sequence

aleatexhﬁ nmiegore WRERNtE OHB. &ewmwd@éﬁe&&% ﬁ&&rénﬁxe&%@prre\éetennmed
1S

cobk Ez{alpﬁasé bﬁuecﬁppmmslg %&Q bx? Bamueg gre?cgge gh glt 6%%5% a!éﬂ register

eterm ned

“?%‘g%“ PR LR e ffg%ﬁ‘ 451l Zenprpfor and thelipeat foralbhekishifrvbaister HESR) is then
adrfqn??é&\e reqeirsd pawkt 18 kit fhe frictaighae offséd;EﬁR)ma&téd gt takRaRlly, te
Tinkdn &edﬁicﬁslﬁfﬁt: &@&F@ﬁ% 1264 {o%tg%ult% enveen e ear

 JEES8* dvanced

f eedback shlft regl ster
i 28 he fractli onal hase
Rc%eg'ﬂg Etﬁ\gtld ﬁ% E‘[Dre i dg;{lcéea Mconﬂft?rézp%tzpb@gggmeﬁ pyish a switched
PRP’l S?ﬂé%??“’ H"'é’é‘&‘b W inveptingi Tyt eeepifol BISRIDMApvsiEGing S8 is bdvided
to the ADMAUbirelard lehifnc 201 Wemp H&Sﬁhﬁes 66 'rEL?o @é@ %g( (RF) froni-end
a ngin

d . o C corre
o Mﬁ,o o bRl WP E Bl T e s sempis 202 e
supglish P Bip "('ﬁ*“‘st5 203 prdQuprratyre () i iwanhing Fineofitie TBIAI cOsfelsddr engine
2010dTDARX P OEthé fePRiTRGaSitGRats 0S8 wm&%‘i’n-phksgaf i&g 6"% ranre (Q)

208006 goRn@ b8k put data sanpl es
o 3 f 9 ({gzeﬁ% g"%? 2 okl EA B R i
Veret %C)h Pied withrfee PRY\decebiprseshartaamoviadybyniePRN track
58‘926 P’c ﬁmmmwf@esmm%s 2B0Q 2 Alpvids tbpBthtioR GaiileOwiBALR shliQuentiy
i n-phase (1) 203 and Quadrature (Q 204 tracking arns
of the TDVA correl ator engine 201 and are m xed in
the respective carrier mxers 205 & 206 with the
| n-phase (1) 207 and Quadrature (Q 208 conponents
of the carrier DCO 209. The outputs of carrier mXxers
205 & 206 are subsequently ;passed to code nmixers 210
& 211, which are mixed wi t Bt he PRN code chip
sequence provided by a PRN track 35 selector 212. The
out puts of the code mixers 210 & 211 provide
correl ati on val ues which are subsequently 13 passed
to their respective accunul ators 213 & 214. The
respective accunul ation val ues derived fromthis
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5

process are subsequently dunmped to the data bus 21
DCO

for further processing by a CPU 216. The carrier
209 and a PRN code preset selector 217, are
controll ed by the CPU 216 via the data bus 215. Al so

piragti 6l éhelr ieSpedtiveGRaniedrs 71831 Ak, Thk %@cﬁ%ﬁ%ﬁuﬁ@&&g vailuses deriged from this

% e Q‘L g@se&deﬁlytdnn? 4 %té%gzgtléj %};]sgglg ﬁ(}éﬁﬁgefr Eﬁ’ﬁeésffé r%? ; I%[ﬁ]é r%lﬁz T carrier
pr

5

éo\%reg aton nean

QAR & 2 FEN &pds pest s Al Froponirdied HOMCPUCSS viethadaorbus 215. Also
e¥ryidetie’s 2 GponciTiwgted -8 AhickHR ok Wal thesda@lbls 8¢ SHMRA sequence
tablErRGatdh Gneale 1284, RN ggnnbly m&sp,tle 3%%8 ?xgoq%%grg%%%cf éip,ing for the TDMA

Ll pat means 219 rel ative t
%ﬁ‘taﬁﬁ’gf} E‘ﬁ iﬁgﬂ”ﬂ@”&?fﬁmﬁ?ﬁ F1220 F10P thT5F He febraningt biibe TRRMA sequence
BEEPRHPH §osh dlenivote the ey ichamndd fimeha8 BiMpeferably coincide with the
F;:gﬁhibs' o enigp zzegﬁéj;;of thagl'!ﬁm SdsitioER @Qge AGfH %@Eof% ge%g'go 220 and a
4 BRN SEE : 0 are conflgure

s B ot e
FEL A4 Bregpiesdizo plempyely Felpdh Buowryt ol el ERN vede pergeioel or the
feppad SRA sefe eoferaoh@2ifii mmbhrdRiRNY @i e BRI QiAo Eack 2kpr@fion tifiGval, as
®e0rd PR TO00EsHRRE balniinatér hekd 25/ RERTOBL Chaber WhdeD dimer 218
LB St AL 0B O each integration interval ., as

Jet e mmaa By The "TONVA SIS 0 Er EFtrarTrcirany pogams
thePRN cpsieifos the payt iptpgmtientiptpivabintorydrishever of theRRN c2deQene@@ 00 dR Q21 is not
qﬁiﬁﬁdm RIS ke teldoton B2 Ofor ams%xhtn& eaLAL, R, hﬂa%%%}élﬁlmgnﬁm
it 1 £, ri 4 I a e X
et e next She SERRS bl bl WM TR et Crio v o e
Sae mixers 2% 1L fOngEAy HESPY 29 dirss tpPRN; cgderpayiset $8ector 217 1o pro-
cpnfgretiv despndRRNow eaenelater 221 avitPRbledriea GRN Sk RGIied forlienextiR¥gration

iritdral) $hi§ @b-borBouRNA R ﬁclucgéjﬁui. ﬁ}gceé %ﬁlslééagx( ;téegrpRNi c@&e%&g g tﬁéfggt] starting

S
i nterval ..t ouf put. of first PRN enerato
P{’Sg‘gfé’é?“é"%"t etég‘ t’)"f/"lfl'ﬁ'gﬁt‘f’? nieal RIS PREsst is gltprpatgiceach e the TOME jyguence
detigatiny means 218 PgrerRings e st:@oiveLt racshitstgyient inf3gatoiPitedd although other
setttedimbrgals IBYIRYe 6:0M8c0ps 28 Bbbire SOk infelifon! O P €-
configure the second PEN code -generator %21 with the
The Qi fifiell THRAN ' or the next integration .
TSR ST e LB il LIS RS BB s
process BF Additonpt Hrpcking QSFRRG RIBR9ECd Wibint ke soepe 0Bte present invention.
Exgmpigstiichide Zu0y (St (1. and wwmmutn(mlb,aﬁheﬁiﬁiétaﬂy E) oa’ Late (L) arms
ard PIkR@ A bdeOWdIF| ANEBNIX B ' o | ternated eac
cLime th FWT% sZyo(g)rﬁlgpesgmélgt%nmﬁlgz’t&iﬂgﬁ(ﬁe%s%ﬁ%@“ (ecking arm
_%fe"f Atations where,the Larly (k) and Late ) 4gps afe & Y sbipipating Sieheg pstapafer of s
chip, epepnitedf a chin, eriotergbnvesiehi@r roquired spaingchre ab ippoAbdS Fhribd a phurality of
u'ac}hinghl'knﬂ gt&lﬂﬁa@ E;ﬁé&k aSCRRGy @ S droad gco;fehu?d b g‘f%lri]st invention.
i nvention. The sinplified TDVA correlator engine :
. i i £ . v i ncludes a single tracking
M?ﬁﬁmﬁ%ﬁn@la {hgmggtéol’]gga%r.onpt (P) ann. Additional
At pOSIRRUSPRIEET SFTHE é? ROSIQR SseIYer Bay Rk haki sufficibnt infowpien to frantitie directly
imogr g@mimﬁ mwa:jnfiopﬂiion. 2 thEse aarR) @6 p&éﬁﬁ{ M@ﬁﬁrﬁ@{u‘r?ﬁ;ﬁ%mm|Tnm
oskigtdic® stohals Ve - E- re.the Early .
,‘; ‘gE‘){:%o(igL%l_af{dgp(sL grlyrfgmgg}éﬁ Btg%%%f]('?ﬁtuf%ﬁe_é'wﬁg? fch'éveéﬁf\?ﬁ"““}‘{m""'
o begip (e SRR PG BT PASSPRRon (Y veainitiplizpselobpb foarch and acquires a
singlerupiatel TR apavitioning g emsngitad Gs oM pbitinipainlt Mevichd in204 At
this k@de@F (b bearth P Be Adwddl fiRd e RroRRaS s WGh.as -
quarter of a chip, one tearrlltgﬂleof a %h%a%?m%?cq‘gf‘ﬁeof%e%MA
conveni ent or required spacings are also support ed.
Further, a plurality of tracking arns at arbitrary
spacing and density fall within the broad scope and
anbit of this invention. 30 Acquisition of TDVA
Posi tioning Signals At position receiver start-up,
the position receiver may not have suf ficient
information to transition Hirectly into a
synchroni zed node of operation. In t hese cases, the
posi tion receiver acquires and tracks TDMA
positioning signals froma synchroni zed network of
posi tioning-unit devices to achi eve synchroni zation.

To begin the TDVA _sy_nc_hr_o_ni zation process, the

S PR |
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this stage of the search process, the network tine

and the TDMA broadcasting sequence of the TDVA 14
posi tioning signals is not known. Therefore, the TDVA

correl ator engine is programed to conti nuously -

C gpsicohiag dendits hdBnowh. NEHbBrN PR M BQR il L QM1 :
SiceHRle-on BHIshBY ﬁé Soh a§seﬁoo.f acqui sla_ttgr i%%’fc THE a%med to continuously
position recel VEF TPTE BT GYSt 3L HRBRLYP e iobrvaition, the position
t FanShi PTaye i gtreritedrcremyted fpodt tasnl mgjtickding-initdewde GRetermine
t oslietingranit device poSisiianing -aiNicte HOMA GRadck Wh33% 0o wransmitted
AN A vt ol
t bR L L b DAY (lﬁg_at on dat aral S0 provi e view and thel respective
i nformat| on on BHREPE FHEIET Ghitist Feppiesion €ws deg. Owe e 8 TDMA
BPEaqnR Stenal Saspheent doquired RN oxtigaionala Tiibgadad, QR0s@a8dn! Biver can
SEstymBmRGasarg net@ork likeiok the AASHbS &0 And dofBinadbrlr Bdas QL &
tiheribi Gith N BPFL KhOL AByB! 0BL, N33 i
%Q;gméd e navi gﬁti on data Lnterrogardd sigpy, grofdgsthe fipipg information
e R G ReiEtgR ohie BDMA gprlon@ringp Kie tebdie tiiE GMRe transmitied
{sigaal. Thiy Fage Syesbrowiaticn resility én thayokiiiaaichiou coblatin® bRfAtially on the received

HOMAOpdSitidning Bigal) d e 2R | avrrf d sef. of 1 )
tidninBBigm Bﬂrb?cqg)m £ &g&d ?lﬁ%%yfﬂﬂ ep%sﬂ%ung.sﬁ{mﬁ dhe fracking

Lecel TODMVA_posi tioni ng signal pProvi |
i ﬁ%%?e}r%a%?rl “6"%\@(58’%3 GORPURE TEgp! S LA ResiSgprTEhir et isoh as in the
GPU freor VR TEMA catehbomeiengiises baok bkt FFSETIRNA Soskibv s@fal when it
tdveocturain Siv Imﬁ‘dbma&!agﬁ@bque;[&'@ 16878 BE pr§»¥&§? Lo t%a%lgirlzgouﬁ]formation
T W T I S A LA AT
substantially on t'fie recel FORRSY5R8YCRt; ipgariep period, therefore
P the apsitiprandsepplipiopry a second uni que TDMA
Igosi tioning signal, the tracking paraneters for the
s prefemmdrmbeiient mﬁem BEnmat @& afiddédQeing de ﬂg%?tﬁim_?_ %ﬁmmg.
uni devicy AUsitiHRABIENAL ]he BSndt D { menor y. e TDI
&Qge&g‘;ma%&rhm%%imgg SW tC peé bg%%or{ (q){;ﬁ))%J RE™T W%‘fm‘f’ﬁﬂ}ﬂm“‘m mode
ST o e &t GREMRRLITV PRI RS Hedt BEEgesl poitionkng deviohio-view
@Pdﬁf&gﬁ@f’ Pﬁgﬂeﬂ (5 ¢} ﬁ diest Miﬁmad?mwm Qghmﬁwsﬁidﬁﬁg\’uéft device passes
inggroationl rerdinphthe FRN cBde® ErRBADMM timd SidNY ‘\,145,%? i devi
RS hehe\Gh dhelMvidel oaczaK% L}g Val les for ths %%és/“én 4 evices to the
i nt e%rgati on ager% od, theref FeceiySs psestis pfprpagien to synchronize its one
oL TRMA BFFlan et Shngak EOMA baaddsie pifet @ido@ikly acquire and
“fgﬁéx zﬁgﬁ;fm@s iBoRK.SK tiis ;ﬁ@en?h %M niﬁéﬁt, ﬁﬁﬁ(?m‘giﬁn\?énqégfgwwnds will
b . s sitioning uni evi c
posi ti oni %é Sl gﬁﬁ%ﬁ%%%ﬁ%ﬁpﬁgl e channel TDVA
| at or. engine reverts to a synchroni zed node 20
‘“%?5‘%%%‘%”55'?"8?‘9*9'%%% o kits Rositiaping eilmpl in-view, the position
receivel ity the apvipation dgs acuitkd tfpacthes fidd TOMDO Soshibrd3! skl to subsequently
degi@riicGBRN PION 36iWisearcll ¥ Thd FEMABs i f&dhrom.th
wagld ﬁmg% b .Ongigngl- nit. device. l% gﬂér?lr{ss‘t{m_m“%mq]m track the first
posi t i oni ng- uni Tne I G St using fhegrarigne ipfarmeg atoil rig CPU
mefnary, e seraRdsmigredTONDMPositiories signalt dmingf thedrehaiti@AmR)slots. When the

secprols TDIAA NHosigmidd) isipnall RVAcGided lafd 10 Savi i §1,00 ;Lecel ve )

paréﬁhéeréfﬂfhtler&%‘éﬂdgﬁﬂis\hg%siﬁlo%{#g 'FTH;e gos?%ﬁ%néé%e{geltﬁlné’%a toh g, wacking

ohdll S L nTormati on Rogitionlng SERGTRT Jeediit Ge Ropfidon respiven P MDA The
DA, Praglatgr gheing pigichreeck 1 thetsesonds TG kosTREIAR sighaD akitEAE il 03 in the

TN hesaisesingheqpetios byl badRg B inicRind Bbrdsdod &AGHn B4 memory and predict
the RHRKKin, vANRHs Tl bbsoll M 1365 atb ptlo Wonint Bypdsiihe® preterred e
ermbodi ment, tinme W thi tenperrﬁ(’cfraﬁaé"e%@ﬁﬂ%g iy popuisitfpa and search

adequate for initial coarse TDMA slot alignment. In

an alternative enmbodinent, to acquire a second uni que

TDMA posi tioning signal i n-vi ew, the position

receiver utilizes the navigation data acquired from

the first TDMA positioning signal to subsequent |y

det er i ne whi ch PRN code to_search for. The TDVA

correl ator engine is then clgnfigured to track the

first 30 uni que TDVA positioning signal during its

time slot, using the tracking i nformation stored in

CPU nenory, and the second uni que TDMA posi tioning

signal during the remai ning tinme slots. Wen t he

second TDMA positioning signal is acquired and the

P T T (-
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TDMVA correl ator engine sw tches back to the second

TDVA positioning signal whenever it occurs in the 35

TDMVA br oadcasting sequence by |oading the t racki ng
information stored in CPU menory and predicting the
trackiqg‘values for this subsequent integration

BT, TABRTH hiFprass fiteehtH @valetruT YA iton slamcbr SRIRRICH the svailable
15D prisigmns sifilsgrepraoiee 8 tiaced, @Sk & cbnpi@itd B Aolition, velocity, and
anegi (e bodiddDVA time slots, or untl | all of the

avai | abl e TDMA positioning signals are acqui red and

t KGRy, okh } VD t he. conput at i on of gsi.tion,

V.n% Jgg&i n}ﬂ 3%’/ ,0 and .t IgiA 08 w%rg‘)gg% .Ilsuaﬁu:(r)er(]i.ancfAﬁeTnngﬁactnid%pvrfogated, coarse
OREEEE™F MPST SV PEEPich BAHRES 8 BrredcividT MG OResii@le sigrdlls without
t_rfﬂelrm%m Rygition eeeida onpit efull pGRibE Geloci AfdSithe FVTRRLARI Kor example,
tif theEnevBk dD Bcbibdidaliy §brohiftd BEGRRhI-HR .dU‘lg’]tgs ‘{v'émnl]cngxgn Bl b0 iehin 10
&g&gkxeg,J}m@§]9§&%%¥n%ng signals wthou requiring

the position Tecelver Lo Qﬁﬁ%ﬁFEmam?ﬁ$¥m%5§@ﬁWﬁﬁibe‘mmﬁ to
VRTS a‘F_SV ?3 HFFCtoR e Iﬂ(ﬂF"%dF) 'i_"es‘@lcaltqoemissiﬁdvr WWEM) pulfing scheme,
gdsleputve tivwosidt ocodpics VI iErede@ftis C BileteYords WG Yol theZBlimum relative, propagation

ﬂ@@i%@ﬂ@fé&uﬂ gfa'&‘ﬂi:s& mgﬂégg gﬁhe% EISGI&&%I% ott tl% T%J{Wg?{“‘{\é‘wﬁé L},l;ngl, leaving -

%ch%%&%&%ﬂ s. of the position recelver,
!’T‘aX‘I Agsect: B b@ggﬁ?ﬁsgwlﬁé’ﬁﬁmma& appinst. A¥hquglithe myssed signal will result
ﬁﬁﬁ?"@‘iﬁi ﬁﬁ‘ﬁlé?‘y’isg Bin{SHRp ge o6l Sorrdarionpoira thisOfrohihd vibsSBdignal is less
©IPBS Skifd thef 2041V AUnb 1dgBof Me Q&Hx’(ﬁi' obdle &)gih&g%eive% Qnd the focation

o ' l gt _occupies 91 m crosecondas.
e Qhrglglr %’g‘alb} %ﬂ%ﬁlﬁ%e% 835%18:’1111 -Uﬁ).lé d%c)ea, H}ﬁ:ﬁ{:(p & %lfu}lx/gnchronous mode may

" There

rofitioningsi@dls ivhutiicestec ot BtkidgheyuitdiMis &$§ $st9eBer. Furthermore, as
n

15 TN posiliRY L ' conds..of . osi tiaoning
i ng%’t to c%%lér}lglf g?%q%ﬁ% $ %leﬁ UGt F gt te Knowledge
% Peg”rf’ timy; anq the rece{ypd timejoheah TRNM pestliontegpizad! istrefingiap &uher mitigate the
crogstconelali@NEges antl nerezontby SN thaeby firledinh B8 P reckiOs Eerf%ﬁﬂame.

the missed signal is less than 2 dB. Using the

Dénpdtd ralpbsQo HOFVAL RniPdevitdd 8 oh§lofd d e . e 51Ica Shenomena
whes ictJu.Leo Qm{vgc%ﬁgg%d t he E(.'1)% {i’%dg%&f} 5953?E% %Ig] %Ly qph "
o v ST olern%'s_]l é &o d Biﬁ-pcquah Ag slot. Other physical

ronol ogi ca ync

576 pAFB LD A ng Bp A5puiipn Ay masking proders vk o Site pfl @dkNG t33TDMA

P '&éﬂﬂeﬁﬂe@“}‘ cqupesiEiomingireqepsiop intiade W@?Mﬁm&sﬂﬁhd& {¥EiNoning-unit

dayiseLma@bherdrilay donEbutil th B plofd@atids BbysS nbilialh, Al Ghnd: LAGK Ofng the

abee%s%ﬁb%d W&lﬁ‘sﬂioﬁ Q&niqééeg.?ug%sr&t%{a{iénvoﬂhfsg %pggr%%gpgﬁvﬁ@ delay effects can be

m?%Etioning si gna rcient | ;
¥ gklng requi rements of the position receiver.
Furthernore, as the TDMA positioning signals are

Nogpadlyi the ebquisition pkeedls isaqoutinbdd eintil sufiicicd Abig@NTOMA @ositioning signals are

- acquitbddhd @@rh é}d:dmﬂutb% memAvag&lﬁ ancpéme,r@& ﬂ@(yghhloz‘ i lﬁgfo%ilﬂgn, Ere?o%ity, and

. ived. ti of each TDVA positionng sig
““{f’m éﬁ‘%‘b" mé? fORpted A p Jipe dusgng dhe pepuisiFignorsecess e abledsoh TDMA
positjoniag: sienals Have heen @eguieedt ke BN, vél@ing by toraPeBSbIREn idvequired to
estjp@s e b@@ll@&&@h&%od@ﬁﬁefbﬂﬁ i e posi@m%&@ir/&t Snc% AL &5iShoh Rode time
biak E@st' §d, Ih!e ?o@i%innq'éclégértcong%vs' &Fes joh 'Ont|: (}g’ s t? B preci

exanpl €5 of the ST SPTIPRIES SRR FERAC O RFYH i Jig precise network
timp eSHERL 8 @ contbivptiop G5t Foerer neyossitiga atosidedy ke interrogation of the navigation
dat - goouion &lodet fiheEbisd, @id. pocHidheie Y Srdpabation ARBRORRN Be WBAbK of

cause of f-noninal reception include synchronization
errors within the positioning-unit devices,

- atnospheric delay contributing to t he propagation

‘del ays, multipath, and other effects. Using the 25
above described acquisition techniques, any

conbi nati on of these apparent propagation delay
effects can be mitigated. Nornally, the acquisition
process i s continued until suf fici ent uni que TDVA
posi tioning signals are adguired and tracked to
conpute a position, velocity, and tine (PVT)

~ solution. The position, velocity, and tinme (PVT)

sol uti on can be conmputed at any tine during the
acqui sition process when at |east 3 TDVA 30
posi ti oning signals have been acqui red. The position,

I Y T



10

15

20

25

30

35

 appbxielyl (p¥ee R0t VG 1RQSHL bRDa

estimate the so-cal l ed common node tine bias Wi t hin
the position receiver. Once the common node time
bias is estimted, the position receiver conputes a
preci se estimate of network tine. This preci se

e B AR 5 8
ks “\ém?w“ “°“”°H§tma",°h?eﬁ’85“b%"ﬂé’r?ﬁﬁ de58e time bias, and

navi gati on
posi tioning signal propagation delays fromthe

r{é{:{:%ﬁ,lﬁcatgxp mﬁt@aewgqetdft@ﬁinﬁd)y theippsite (eaivershy pRyfagraingsapposition, velocity
rved s (RY T Fql'rﬁma&mi{ﬁ)ﬂ\ssirtgh@haﬁz}éméﬁraa&ieﬁg‘ihe @fchbiRR oM éyRdironized
Ghra e ehmil @bk W EiEhiﬁc_Lnb ﬁnpﬂ)%ﬁ(t:&@%h@@&%-rt&nogsg ﬁ%&{q}{}rfg Soserved

sj ti oping-un devi ces, Accurate |ocation
ROl he ORI ilaor CED° PRE 558 B1f TG BN b When the respesive
pERiPHteieny abeps st hatye he dPMA coatitor toizine dpdeWidt)integrate unwanted
sodeLand orher \Eﬂgli:eoedeﬁ :Wﬁensim%};iﬁmﬁifl&ﬂmlfice_rﬂm o8 Ykt 2 hR ﬁeing received.
e BLREe, bRssChtRR - ighi onized .5 with the
TDVA net wor k. A'Q&safE @ﬁt%?’%%%ﬁtg%gi%%%\% men mftﬁfy_\élp t‘gg\‘é i{rdgyhe TOMA
SR SR PR BB T AR 6P SRIRy (e TIsd BrAdT ReeiEoningunitlgvices.
TDMA correl ator engine only integrating on a
I e mbpimpng dhs ehaprrb mastehiémer edipes tkripd is 1peei than dRifiigrequence
BiNgA eebead peridd@hd e r?:@ﬁﬁjn\éﬁtﬂe chiaél naSier 3&1&@5 ad W,Abr(ﬁgér &ﬁl%f,] &k ASotution
S0 L0S . unwanted nojse and other .
tﬁmﬁ%‘aéﬁgﬁg%ﬁEﬁé%éﬁ%?gﬁeﬁ%#@w hRlsP e gR 4o rppl, b
% Eieiraquing addifionp! cpraRopsgts fogrpagitoy g imermelloverseor Hreyriaerease the measurement
noss-correl ation artifacts are significantly
mtigated, or elimnated entirely, due to t he TDVA 10
@@k Babigyor engi ne not integrating PRN codes that are

) Lt rom. ot her positjoning-upit_ devices. In
Ty AR S b Bt BTl e o sres e PR rplorcngin
willpe) 2. dstgraining yctop i thegresplitggespsuieent iy Pithd presey irem®. Traditional
Pa—sﬁm?' eﬁe:?eaie cﬁ)jﬁl’nio(md' r&*!’:\ﬁlg tdaeand Qfﬁ'ﬂelr lﬂ)b%)ﬁﬁhn@lfs téh LensBar&lations in
Sith rebel i r (ddye Mords {‘, i Ie ition receiver
:%?séll ] g%:l E_CS%‘ ‘g‘t“%% Eergc @, t%gp r%%kgleé’ egtn(’ﬂ’atgéas‘rta E”Il Hof st ve
REllaten, AP dt 2 ks faeter i prrdiFting ) ende Ardasaimion BCArvelug| bawd on the
prpgseyuniet) |setingl ghd the H_emélerhd;sheﬁme_r’ @gut e 12 Qekifdred ftlodiment, the position

reSeeRQARNftof @oyPiLtd Lhhe l-RRnd kTR mgs%l' lh%\/lg %EICI‘O rt hey
ock Stability

i ncrease the neasurenent 15 nol se.
i on_receiver |ocal

. rall, stabili of the posi ] .
kB8 RLRE! 13 A0l 1) By P oo pessremes.
In g grefemed cpdimenie this stgkitite timA infonghlyfteectdA subrsdpivaceresabdribd1gn the
Raflt_ﬁazﬂ_ :‘m_ mbmﬁ%ﬁwﬁt% (k’h_ﬁvx)pﬁu%ﬁg QJhed.wthg ﬂ'bmn:utl)-sequence repeat

eddgadi r.eceiyers use cqgntipuou .
P rc{c}nni nlm(ﬂg% gd’ra}% f%:réa(r?éralme B0 oGH °‘é|}°§8t?§‘“g"‘é"66ﬁﬁ%é‘ﬂiﬂ@" over
aprraximataly) | spillisqeqpd ofmepsyempps erpdicfienfinee ddvpigd Temyseapte Controlled Oscillator
(TOEDi tdmaody ufell @r. thel positida@recpive? IR osdilRE Flld),qm atsltb_ﬁme stability of

A C S at or
. %LOI)';i is a 5% factor In .prJee ?ﬁf}l_%gjmfcﬂ%%Jop&gmghdéew_amnmum
n PP Lraiflator Q) WefneyiTot ¢{d0 Freengs anmibenne atastr tiger, range
errggafiepbioemutindefchillimaes.cA rhicr@or of ADLBillimers isherfifénefoLmin® Position

i.llator

rec@VED QEIBERBs, ShodR RS g e %s.yrs,s

mm{‘elm())icgjes used 83 t he ptréé?ﬂrmggnecgl or 1 %12’%% Ter CRERRel o
T er. The postti on’ SRV HitRe dpohnigucsiafemetsifficiqny, righer quality

positiprstecefyer lagelgstilatan (L&) cantpenepss eidh otan Guenplentrediel @EillitdrgOCXO0) or an
measurements. 25 In the preferred enbodinent, this
stability tinme is roughly the TDVA sub-sequence
repeat period. In the Radio Techni cal Commi ssion for
Maritime (RTCM pul sing scheme the TDVA sub-sequence
repeat period is | mllisecond, therefore requiring
position receiver |ocal OS(ii,I lator (LO stability
over approximately | mlliSecond of measurenent
prediction tinme. A typical Tenperature Control | ed
Cscillator (TCXO, commonly used for the position
receiver local oscillator (LO, has a short term

stability of
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30 approxi mately | part in 10'9 over | second. Over a
period of | miliisecond, a | part in 10"9 devi ati on
results in a position receiver | ocal oscillator (LO"
t|n1ng error of 10-1= seconds, or a channel master
proxi mately O. 03 millineters.

atormc ttme sta?? err.or Of [’Yﬁe
ad. may cbe (ysed3 I priferpst empdiment.sufefripgit@a Corlralfed Oscillator
ng%‘))ﬂb@ﬂ foriy positivo eicater lo@ixjdiliagaliopNFhe eéb&&ln@asm&t emor resling
mOﬁ@F%tﬂg@m@@of%@s%MﬁxﬁJ@gﬂh% % ﬁy%q &g ?»}le - Octen
okl BCFPLLE R SO Yol ST L S
RRELopng et oy praansmitine ﬁ‘&t“ lr’/f qfithe patrrjer wavelength is

a?%% E‘%ml%[dﬁl"l“{“?e‘% Therdire, hoh0irrdtimrtres! rle@ahenO®it daia@bPihe position
(rqg@cr ehpotenle) sidekd ek Br Iﬁ@m@/réﬁbng;ﬁﬁk&@s kv@lg eQ@%e c!g@kl?asurement

K he fRiioRRs syddn SoPSig L1 ME_Sta d may Beiss
the preferred enbodi ment, aTammaUHeOmHOHed

IS used for the position receiver

PofralBr INOCS,
locAIi%%g%ng'* %?fﬁ ngHoR expect ed measurement error

%elﬂrﬁfﬁrrﬁ%]embf%w s (TPt broadsasti s @rernés e thﬁﬁalt:&H V@R itHA Gositioning-unit’
@"IVW doges, yiprepecteraply @¢herthtfin &Eldﬁk wmm ogtlontragiv&‘ ﬁlr-c[léhq}m nse of

anoehe@ s @;rrhu}Qfa Im&ah cha;a&aﬂﬁ% te§ ([%@E)h ar g}y ogxeﬂcﬁgﬁtentlr%hcmatwal

|o,n| ng- n .......Vl ce trd
ﬂ?%‘[ehe gaﬂng Elle{) é% zﬁeé’? ﬁﬁf’ﬁ rqc§%5 aeigpipes ierferpatined TRMA broadeasting
SRAUFDESS Ryt WHosiating [aereesived ERN tehdis, @nd0@twitd lihdBHi@T S pRdetermined TDMA

broedestligeaqarce. ME eﬂﬂwﬂd&lm}fouterﬁr JRB&:I ch hizalich uith the acquisition of a
fir@ﬁﬁ}tmrﬁé%ll Jle@ltceo Eub(sequ t pOSiIiiOPlﬂ% g}ndwruteﬁgN éﬁ&éihﬁmpéh@gﬁ@equent

I ction proce SS
t‘%&ﬁ‘ﬁ%”‘? ‘hentdﬁmisiéw Piethﬂiiqfig’r mafkrmativallyrestblishl relgBiships] BARACn the PRN
@ gEdeTMAgMeSRY uﬁﬁﬁlﬂlv@ﬁtﬁ@ ma;réa@ﬁstlhg‘se&tﬁlﬁ:c Qc[u%fbg rre-%(%em'umd

uences ar

it Hathe Q346251 D
ﬂﬁﬂ?ﬁq athodhdBEat g g EMAM 1573, 0?1‘0 nog.v fefn%m«irbwalé:},@%@mmﬁoewer

associated with osn
rably enerated in real time

lncag gl%ﬁlhtl ﬁrgbﬁgimgl}t,tt{é ew%l&'@figy £ FCRHERERTAE spppdiedUn the gfvigat@um messages

tragfngléﬁ g ghe |p@ﬂt\‘?¥“1ﬁ““t devicesrnedure fice gb@aly aSdodidrdd Jlﬁ He PRACodes. As
an(dx:E@R) xmpExﬂenﬁ.ﬁQﬁ d?tﬂhsefechﬁlﬁuﬂvﬁy bt M‘E iy adc tiny

, ment the posiiion FEEee gf @ first
oot Qs ol ol Ry, trentpsipggut coic, witi

determnes t
rangg, G FEs PASonREBE ideyic rrgpeiges e iviggitn BPRNG:EOEEudesadél first TDMA

braadehajiog kqwncﬁﬁ thevirde bosﬂmﬂﬁgﬁﬂ@ B@fcén 118 Codid {nomgolgig GaRt Lr@glcasts
or e

S*ﬁmdq)ﬁﬁ@cas rre
. hr oni P ] OH&L V\nk ?ﬁ%vﬁ%‘m &Gt g%l”f‘i)"dsﬁ '5\““‘“3& thedy Rgl"?‘%ta“d TDMA
tgosl BRFRGI a1 ‘M?%’m'si?ﬂseeadmpospm&unm févivg)-withih Fange of
g fiseanPRisbng @M@mhﬁ%ﬂﬁt deed fecdivls !hh&vééﬁpnc—‘ ERURRT the frktThd second

0S5 lb n Vi h 1 ve
raicasrt s SAE B e e
B e

s ity BRMA Prodsastingtequentt inditsmatipatien iyessabdd also
inclydepvipe ¥ibeedorad TRV bedjustiiCaudhodd bthhd st de@ecglﬁltpggltf&ﬂg&u devices

in ifs RAVRBIBA mdssizk. n’{ﬂu@&m@é@%&ﬁﬁ@é dnﬁﬁ,!u op% s.and %F ed
| at h ?]%05‘ d]g}lgtuf“b vices w:thm view of
eadl Lol Qnadvagtﬂlag‘lﬁ P E'F?’g(goﬁ% MW““’F hicachDif&r. The above

receil ver
descijped SECHRe i Sinjlarge the G lobab Bosttipndng Syt (GPS) s}sf&mts@@aﬂémﬁﬁﬁtdhtﬁ)ﬂhere
cachyBgbta bresicastd O set 6@% tudrRrbeib Qﬂ}s IE' & ‘QH% é;r N d{:r Ml %hﬁ gtelhte

cons@ﬁ‘a‘{lbrp 8% th%%gﬁfn%n 8 osggﬁcrl%cewﬁgftgﬁ;@%tst%?% g*padt;qaﬂng sequences of

codes
t he transn1tted TDVA br oadcasting sequence

techn|que
of a first positioning-unit device i s incorporated

in its navigation message. A second positioning- uni t
devi ce, within range of the first posi ti oni ng-unit
devi ce,. receives the navigation data that includes
t he flrst TDVA broadcasting sequence of the first
posi tioni ng-unit devi ce. The second positioning-unit
devi ce broadcasts 25 its TBVA br oadcasti ng sequence
in its navigation message, and al so includes the PRN
code and TDMA broadcasting sequence of the first
posi tioni ng-unit devi ce. A third positioning-unit
devi ce, wi'thin range of both the fast and second
posi ti oni ng-uni t devi ces, recei ves the navigation
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posi tioni ng-unit device that i ncl udes their
respective TDMA broadcasting sequences. The third
posi tioni ng-unit device broadcasts its TDVA
br oadcasti ng sequence in its navigation nmessage and
aliS QR Qad-JAk! s the PRN code and TDVA broadcasting .
s eﬁ)usé{nc eés of y’? s dn-yiew by, intorrorting e IyEaR Testagfri oG lafit que positioning.-
dUGANss  in its navigation nessage. This process
continues until all of the positioning-unit devices
virenagatonPetay of - each other are broadcasting the PRN
code damde TbMh doQRHGAS i BB SRAUBIER el NS psgation
T8 AROY%ET PRRCLLRSY %t, ructure is . Si %8}"5?13%%%1 fgfoprgation delay
d obal Positlonng System T@éﬁ’“@ff‘%ﬁ%ﬁ‘%lﬁ@"é& thetgpasmitted TDMA
Dpsiiigneiepel ot sipedoaived gatktly Wighinahd iomialtppsing cacdiesting: sbeThis is of no
Gnsagesade thhevelipditoningini devidsOtre bdu@Bit Fros piloh reBSvef Mbause the time
sl wiIEBBiqRaR bieth dilife 8RRl fife. SRWARNSHE! & ion. JI0.
Ei%iifﬁ@gm% hﬂncg?g ol he. pOS| t1on erec,‘é'%\%ér‘f' hﬁ'd'_e‘ioé'%"r%mﬁ'&%ft Peiyiges vary
l r oadcast I'ng g‘)esauéﬁ‘c‘%fgr, @eriaps ig regpption times of the TDMA positioning
FEPElS 1oF YA g mpsttion] asspivae docktien \chanarshy dewindtistio gRbritig cbrifers the
Prepagagent ey fr@ss e epdsitichifig @it |dedest an@nﬁjugpstilet irﬁf()ji,\n Borrefator engine
YRtoniEl@I € Bese REQPAGAL] QL ! bbb DG, di.Stance . o This vari
hetween .a positioning-unit device SHY GVipdepssgipps: This variable
P BB EPE TSRS therchamisafisuteat of §n inkgtation intvabdartahibstop times.
Ko ﬁm:gm Q‘f@lﬁT?gﬁiﬂp ﬁg:';z;i‘ 'ﬁ;:;tb?&@ ﬁfﬁ&&rs ﬁ‘tﬁ\@z{ fﬁﬁ%ﬁmﬁng—unit device and
1BC G0Erél fréhda Yecond Phshioni # ddvide. X itoni ;
Lesiti onin ofszj, nal not beln ggcl‘r'ea%\t/%nga %ﬁ%f”?&%ﬂsﬁ?“r‘l‘g’“““
the “noni nal °po iGFgsespnds, avpetvas, e prppagationsdelgy fronTh¢ sycdnd pagitioning-unit
drre isip Hhe etfere¥i 8 naiveacords. it trssivp idoMtienNge plilsinig il @febBESt MEBsecond
T e 0 G O3 BB ks SR b
e vy er eﬁa%gﬁp%xm?] ?’gm RGOS G Risklopsgigp. the position

: posi

. TSIV Ak, i Xegravonipte el fter ardistopriindsdn o St Wideh niagifreaBy received

c*g&é?ﬁo_h_ awi Vale ERE F)iyiégggfﬁl Eegfﬁﬁn Qfmﬁlhﬁc-g%djﬂﬁﬁ%nt ﬁn&%}}d AEblemented

wikifh 8pEincdl rSceRG GHF d 1 he on receiver |Ioqcation B

LShanges,. { fermnistic a g%&%etr?%egl ST s PgstifoR geceiver and the
Fropagat T PR TPFRST @B posi ti oni ng-unit device
and adj usts the TDVA corr.el ator engi ne _

FUglpesic: (1S dt ilSrpotiéonipeatit devicestinenly ©gept ind) chinfpfeS oPthe physical

phibdomenp G4kt &:0RirdaGved TDMAGSMIG Be LEARbS Rl bhe nominal time

rocess requires the

OB rel at
R T AT C—

namc a
betyFrg therTapsmistiopeigning of e ppsitioniagtunit tievices, prpgibedelafts e bmdpheric
distogioe o dxlay iof tﬂeefgﬁlfou_i@ eM,W?%uﬁb%fb fc&u‘ﬁ{f&l@ dabsk $e received TDMA

odRSihd di - : e an meters froma,
e gﬁ%ﬂ%‘ﬁg?ﬁ*‘ﬁ? Sonfl e ety S drree s of
adjpsfing thentcgrapion intgrval,gpgand SRitises ik Pa adapthd vl rgtégate suyi ofithésha effects.
order of 30 microseconds, whereas the pr opagati on
Mulfiplefrarinely Fncarheating TOMA Quslator Gagiseg- uni t  device s in
The d&ve AEsEBES PEraBRObIRARN SECHAT é}&‘b%ﬁ vices o
pm@{gigg[%glmsoin?%eii %ﬁg;d% q?c nt 91.m %*rughsflécon m%%%ﬁseﬁgmmmf’ by
S Mt he ity pf FReebye chanpely incarporpfing TRMp regrralatpe engines.
As g peisseioverkap intims; twp cansls cantshralessly i@k bAtERRN 666k, probdink that any
of 1BX previdusy| escribod Wkaffir B3falnBRadbe BRRLAXI ’Jiaﬁxﬁlat}{y 68 refeive channels
m croseconds. G ven this information, the position 5
. receiver may adjust its integration interval start
and stop times in any way which maxi m zes the
‘received correlation power val ue during any given
integration interval. The exact adj ust ment et hod
i npl emented Wi thin a position recei ver will depend
on the perfornmance requirenents of the position
recei ver and the specificdff-noninal TDVA signal
reception timng. Furthernore, ranges to the
posi tioni ng-unit devices is only one of many exanples
of the physical 25 phenonena whi ch cause recei ved
TDMA positioning signals to be recei ved out si de of
t he nom nal tine
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slots allocated by the position receiver. Qher

physi cal phenonena, such as a | ack of synchronization

bet ween the transmission timng of the

posi tioni ng-unit devices, propagati on del ays such as

at nospheric distortion or delay of the signal,

g F]'if{Pﬂ%t“’éfTP MArcarrelay eqgigpsiisp arotides 81 kaabilingto reski iroigple AR codes that are

r Eeiinpe i tEBVA TDN@Sint Blani ng signals to arrive outside

of the nominal receive tinme slot The technique

dmrng b@dl tahl&\li&dﬁfTe&Qicaﬁi@bHﬁ&shJﬁghrt qur Itlh’lg Bl@ﬂ:r[vgifh[tggg scheme, a sing]e
0

i inedi fBMAS - SLO i mes adapt e .
Ty Ul Bl T 1y i pipom 1 i
| HEETRET AP e eahy it devdses ErstyinmessCONrepaiioncg signal Is broadcast
deeselr T4 timy det] aﬁptwpmhabﬁeépﬁsiﬁﬁﬂe@&errv&ﬁ titiefabdR€l ddshib@ TDMA correlator
febrirde .rzi,tal-iit‘.t:&tﬂ‘th(ﬂﬁ%/I ﬁﬁﬁlﬁne&giy the Tﬁm%ﬁéonﬁ@é{&fﬁ EH'IFZJD%iqu? chronologically
%%&n%cng it%nﬁqsnlittd!ev?cgs (vgeceel V‘?%W L h apural ty of .

receive channel's I ncor e PN e STRpat a5gtbegdoast in cach TDMA
&gy Fifte This PyResss it boepneslized v e | napber pf dhkonds, intoworatrlg AWM Grrelator
emimessi mul t aneously track both PRN codes, provi di ng

that any 35 of the previously descri bed near/far

TE\GhciRAtBE Kas GROHD ﬁa&VﬁElﬁl%m&sQ&%r‘ﬂfJﬂIﬂ% &frclef -%.%Env Soheme 25 a

i ncor por at TDVA correl at or_engi ne
g":’]’g‘g‘p %JF%R}? %’i“‘ “F‘H%S capa "f' ??‘W”Ee | i3 FRY PofiiptinepytpmpRRjowever, any
TWa rodepsting seheane fallp e derordseppt and et of hamesdDivientidn TE

slot. Referring again to the Radio Techni cal

W@Bﬁ'@q refalized dls wihilst ﬁeabéﬂﬁﬁ\ﬁeexmbhﬁﬂ}yn@y SCH QErativd example of this
iveRgh, 8l subthBDGS: mIdRRahd Slifb R heEh 3L Q&Id%g%gfresm to pegsons skilled in

i mul taneously track TDVA positioning Sigrn
MRS B B s S e epie s i s o,

posi ti oni ng-unit devi ces wherein one CDVA posi tioni ng
signal is broadcast in each TDVA time slot. Atwo
channel position receiver with the above descri bed
TDVA correlator engine architecture nmay _
si mul t aneously track TDVMA positioning signals from 22
uni que chronologically synchroni zed positioning-unit
devi ces, wherein 2 CDVA positioning signals are

br oadcast in each TDMA tine slot. This process can
be generalized to any nunber of channel s

i ncor porating TDVA correlator 10 engi nes. This

speci fication has used the Radi o Techni cal Conmi ssion
for Maritime (KTCQty- pul sing scheme as a conmmon
exanmpl e of a pul sing scheme well docunented in TDVA
positioning systens. However, any TDVA br oadcasti ng
schene falls into the broad scope and ambit of the
present invention. It will of course be realized that
whi | st the above has been given by way of an
i|lustrative exanple of this 15 invention, all such
and ot her nodifications and variations hereto, as
woul d be apparent to persons skilled in the art, are
deened to fall within the broad scope and ambit of
this invention as is herein set forth. 20 Wat is
clainmed is: 1. A nethod of sequentially receiving a
plurality of TDMA positioning signal s broadcast in a
known TDMA sequence, the nethod conprising: a)

depl oyi ng a position receiver containing: i) neans to
recei ve and interpret said TDVA positioning si gnal s;
ii) at |east one correlator conmuni catively coupled
to said position receiver, each correlator-

20



configured with: i. nmeans for providing a nmaster
timng reference for said correlator; Il. neans to
anal yse the rel ati onship between the reception tine
of the TDWMA positioning signals and said naster

What is cldihddli10 ref erence, and subsequently determ ne the
start and stop tines of the <correlator integration

1A membm&faemtlanﬁ}ea&JWgea blraBilofl TDRA! fREitidninGsi3fald RERELIE Q) known TDMA

Sequcnce%éélémo ns. to sequentially generate a next PRN
“(pseu HaRdom nunber) code of the known TDVA

a) d@bﬂa@mmﬂhweypwmmMMWMMJsaJd determ ned start and stop

t Igmes nke)ms&@r@&waﬁtgn@bm SRTHMINRsiddaMRsiPRs t 1 oni ng

nal sai d posi tion receiver and determ ning said
r él ept Iab ast e fe Blfto (‘Q{DHIUW ys‘foﬁlﬂﬁil tg sa.l%))osmon receiver, each correlator

conmunicodigiradwistai d det erm ned reception tinme to said

at | eqsh, gpﬁoﬁ%%z?ﬁl%{ep{unmé JE&FeEJ%Bf?{Qeﬁ(P&Er@Mo{‘g L

se uence I n roniclt X reception of said
perss PuwSﬁ e 53l betyeen fhe rrespHedimEf e GPHG ppsioning signals
cI al Ml saidMiRsi€@ tniSeorie BreioR 2nS s%&qﬁeﬁﬂiﬁde‘téﬁm&mﬂe btidt B Plo@times of the

said T P9 |t|on|Q%’ qu qrther rlses a
correla o egra c%n inte lre a o said master tim re ere
TDMA sequence 'on neans con ured to

sy HE hmesn zceseﬂ!r?ethrﬂécﬁeneméeda pit PENu(psyudefand@wber) code of the known

pOSI t TDM!A@Q]u&cgfba;loﬁmter aRidterdlinedl 835hd QRLintRr I el at OI‘
of sai east, one correlator corre

ach tin
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a) acqmrmg a first unique TDMA posmomng signal and continuously correlating on said first unique

TDMA positioning signal;
b) interrogating navigation data incorporated within said acquired first unique TDMA. positioning signal to:
-1} determine the transmission time of said first unique TDIMA positioning signal; and
iy  determine said TDMA broadcast sequence;
c) sequentially processing said first unique TDMA positioning signal and subsequent TDMA positioning
signals in synchronization with said determined transmission time and said determined TDMA broadcast

sequence.
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