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1 STACCATO PULSE EDGE CORRELATION FIELD OF THE
INVENTION This invention generally relates to multipath mitigation in
Direct Sequence Spread Spectrum (DSSS) 5 Code Division Multiple
Access (CDMA) ranging systems, put applies to other types of ranging

signals and communications s g/stems as well. BACKGROQUND TO THE
INVENTIONSRAGE heldd Hdh $F (M range between

a transmitter antenna and receiver antenna. In many environments, the

transmitted radio navigation signal is reflected from objects 10 around the
Fﬁg@@ﬁt@g@@mm«er antennae and/or along the transmission path.

In this t pe of environment,.th AN rBGaIVES u@@lgg@gl%@g@@g
Thsﬁé‘}’fﬁ?iig Feom ma%énoc[ﬁ t% eg?gdlo navgl?gon a

Coigedlitiog %‘ff@é‘téﬂ"&‘i@@%ﬁﬂ@ﬁé STk it dSTs Tt 1%‘ins corﬁ%%na on
motonoitipairaciormadgetibn ranging signals, called multipath, corrupts the

radio navigation ranging signals and therefore degrades the accuracy of
BHEargE INEES0Or EHiR AN WENTPALR is a significant error 15 source in radio
R{%av'}%at'oé‘oﬂ?g&%@%eqxl!e%% %?e%?éﬁ%é HRAESP RalkCatend isiRtiver

utlpl Access Radio Navigatio mon radio, Hav | lopiee
anggnna.+. DR SAviroRments i gag oD COmIMEN LGy S%ﬁ fngﬂQM 1210 b3 ts

qUence preadrgpectrum g Vis ¢
Il et b B R e T
R Rsition; g Systenm{(GRS)dithavissbposeiRe it d ayerbintign of ﬂ%]é’fFﬁ?ssi‘&h
M&&k& S8y senlesaa RERSHT Biiaioa0inayiFalicobigran

Pﬁepge DSS% atP%ghg@%ﬁbeﬁ@@mgea sigoal is.GanlinLoKSoNabeing

read spreadl

t arror
S%ﬁéﬁ%ﬁ@?@fﬁﬁ?ﬁﬁé%en"e‘%ﬁon L e ragg st Hte%ﬁm}é‘é'fﬂﬁ'@a hg%lﬁ“m

0 navigation signal. A
spweehvedikeryigAng BfdeEfgital spreading sequence can then despread the

radio navigation signal if the same digital spre sequence |sgngglle
TtoethBeimonafiigRs iBpeeiin ﬁ?ﬁ?—.\nﬁﬁg‘ﬁ’rﬁgﬂlﬁ g?“ﬂ‘i

naagag@tlggnslgﬂ&lmehamBmm@@naISepﬂémg'@e&%ﬁh@@p&M@W%ﬁé
Aadio payigation, signaiithinythey eceivar musbbe Bisipheyaliiensdir®, e
'ocat' LN E%CE"V%‘}héﬂﬂﬁéx?ﬂﬁtv&%ﬁﬁﬂﬁg%%%ﬁﬂﬁﬁiﬁb%@'SESthQMA radio

er dnterms of ime, this m that. igita od. am
@@&?ﬁ@ﬁé‘é’% aABPHBaTETRER eiens a%?ﬁ‘é‘%a#?ég time agoﬁ%&aqglﬁll%auil ;
ithererdrisraitierelcorretite semars S ighios EsiE ArgRafte st ?a(ﬂon&c‘)'?[!;|
fhesadicpavigatioavsignatissrie distdenwinzRsudngiars fradimgadbe mado
&%ﬂ%ﬂ%ﬁ‘gmﬁh@tﬁ@%ﬁx@@ﬁ!ﬁ%ﬁg Rajaseseipgddy theireosigsiantanriae
then cony %egm iqifal Signal, AdyRicalFadin RRVIORHARIEGRIE applied
a&@?ﬂ)erts € S|gn rom the radiq fremue %IMSEF)“ an 'Q&?{ﬁ@?@@?reca1veé
Wéﬁ&%ﬁ!@}“@ﬁ%dﬁ&ﬁ%ﬁﬁgﬁw&m na 0g to Di :
Gonveiter/ABG) ity throgidienife H@ﬂ&@épf‘%m&ﬁfﬁe 6;?1‘8?@?@ sgtm 5| Bg=
Qe sadinavigasion Rigeadcdhe netay eamuime i disiyaered riiiie At st
pggeégsgfsh%ggggﬁgng a digital spreading sequence to a received signal
such 35 as correlation, convolution, match filtering, and Fast Fourier

%g@stgg(gT@)mlE QUath %@%ﬁﬁgﬁ@@ﬂfﬂ%ghﬁﬂ%;;eﬂm m spreading
|nven erm carrelation is, genes ahizalian{qk o a digital
Fﬁ%ﬁﬂ?&%%&a‘i R S ?S i

process of applying the

ﬁ@é}véd’f?aﬁﬂb%w%ﬁn recewer 9 otveres E:a}sll adlﬁ'lg =289 %%51%%}0(1{?)% an

mtermediaxe frequency (IF). The signal is then sampled with an Analog to Digital Converter (ADC} %o

provide the digital representation, or digital samples, of the radic navigation signal. There are
numerous mathematical processes for applying a digital spreading sequence t6 2 recejved signal such
as correlation, convolution, match filtering, end Fast Fourier transformations {FFT's}. For the purposes
of describing the present invemtion, the term correlation is used as a generalization for all the

mathematical process of applying the digital spreading sequence to the received radio navigation
signal.
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signal. 2 The digital spreading sequence must be applied to the received
radio navigation signal at the transmit time corrected for the fright time to
properly recover the radio navigation signal generated by the transmitter.
However, in a ranging system the flight time is generally not known.
Therefore, the receiver must search through the possible time offsets of

S S DA
t“genéfeaf%d i %%' san"sf“’n REP Sﬁrln%l%ﬁl?%ea?“ﬁ L % Sod by th

Proces

t?@é’é#éreﬁ"iﬁﬂ?b ﬁaﬁxf@ﬂ&ﬂ@rﬁ@f@%éﬁmaﬁ I@B‘f@%ﬁéﬂ‘ﬂ‘i@‘ﬂ@?&ﬂ"'fm the

respreadisipsatemad iS-thmeilddi gre o fsety/ith the pligialosprenidingsseqventd Yo find the
p@&%ﬂof@ét%@r&i&éﬁ%@ igHaksRisbi ngReeRGe S Niside0fithis omeated
rl%ep BQJ:HI%I’Q& mﬁ]}ﬁﬁgr %ﬁ?%ﬂ:ﬁ' %ﬁo@'%@&%ﬁﬁeﬁ§ mf%:io%cﬁ%ﬁﬁg only

Sl s not the orlglna radio navigation,signal generated % i
wﬁﬁ&ﬁ%@%&@% B g
onghin s e gt saraing gervart, ﬁiésﬁewféb%%él}é@wé\seﬂ Fgfpreceiver time
anavigatibersighal ranesiaiyos & tive twosithig welidityigaiogeigillzasterdim the
wRAREH, Fuok themalhe nmﬁ%ﬂwﬁ@%éxflp&ﬁ@ﬁﬁlmr&@iﬂﬁﬁ@ém@mmm

ﬁ!eC%?f&q?@aQ'c 2 vgRtio! g@m&g&%&@a&x&&@p SRR PIREd e
auto correlation response function, or S|05Jo‘z the correlatl%dieons @
R iR ePe CBRPSTRTI AFEBT St R iPh M bmeh° SRfafe
nﬂﬁeﬂ@mmﬁ@ﬁ%m@%mtﬁﬂ%ﬁmm@ ERoTF PR @%%%fa‘rﬁrawrasmly
tiieunglaiol heppeakuefithe triangle, or the maximum value of the correlation
response function, is interpreted by the receiver as a direct measurement
withedintnha eesiydncaiainen itmadiennavigasiahdengingsignaiodinghe
RARGAh t{;%m;i%%&on@gafymﬂmg ﬁ%@mmehﬂamﬁﬂt%mof the
B amrQs“”&C aRitieaghibe RARLAN Ry e/ Risglagk: dPGleaRed.
e

erln I’OUI’] ﬁ’t‘ﬂe '[O O '[ e trian ean creases the width

f%@%ﬂﬁ’%ﬁ?ﬂ?ﬁﬁ?@ﬂfﬂ%ﬁﬁﬁﬂﬁ‘% TRt PRTERIR SiRqTR Ametion is
coveniad hoise flotreras rerintingcanehiiiing ¢8bp arzeefapthiofet peisrgfiecrsHagersed
foleMwg inkaather aeise oi\BnEmaiithasaefieetsichdimecthe tecatiorLifithieampling .

mm&&l@&% HRSRRASESUDGIeNRAVEY cdHaR: B RebaETHItRA RSB

e Cuorrel.f:ltlotrg1 respo %f% |on | ‘f% dﬁm‘lorttflh(?0 eSpoRse IHQ&HQQ c%%on

sEgjlnvgf’\l/mg moving the maX|mum of corretation response in time, and
RIRFEFIFEEPRAETY an error in the resulting range measurement. Multipath
distortion may also increase or decrease the amplitude of the correlation
Tl s el rEReERIhor e et derasmignie Sh b it Paraiit P oer
sreslyoe Sesfing dome i /of cotTelpise THRROSHp s, thé nftarBHnE oS & the
finetiopndhacantimat edel aytieasuemeiabihe fadissnavigatltnie of the
Langing, signalisBen Rk QL BN A0 NaHe R ihe:A06l 3B fmation,

response function. Determining the exact peak power requires exact
fi ﬁ’&%%efsﬁ%%ef’ gEicE wﬁ%r% fe incominig radio navigation ranging

signal to allow, placemento relatlon resp onsefapct§ ﬁ vy)(rer
[

G e AP S PSR eme QBT e AVoid this pro

wipalte P@?@%@l\féﬁpfa%?eg%%r m@afgleﬁ%@ﬁtexﬁ Rk PRKTD EHKF ARt
laaikadghigs iadesctingifger el dthiecto ki PisakeviEriorceiing sigkl g 8oy Placement of

%lwﬁmﬁwmeamrmmmm me-telayabincationswatbthdo avoid
r%%'; e'%“arsgi%%%%Ié&';i%ﬂﬁ«eﬁ%%b)ﬁ&%ﬁ&\aﬁuﬂga@'ﬂaﬁmqsﬁ%ma@@akp late

ﬁmmg relatwe to ths peak. The code n'ackmg, loop balances the power between these two time-delay

intom
em,

iocations on the correlation response function, thereby providing an estimate of the peak as half way

between the early and late balanced power mesasurement in the correlation response fimetion. The

spacing of these correlation response function:powernreasutements can vary from the +/~ half chip

spacing described above. Some Teceivers use & marrower spacing, for example +- 0.1 of a chip.

However, the basic function of balancing the power between the early and late correlation response
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between the early and late balanced power measurement in the
correlation response function. The spacing of these correlation response
function power measurements can vary from the +/- half chip spacing
described above. Some receivers use a narrower spacing, for example +/-
0.1 of a chip. However, the basic function of balancing the power
fupeitweerrt e tearipandiiateckdrie atdrr afsons eegroid rittieme Rkt sopnse
ASAMEnd his teehnislednefieckfingmthrcaenttoibofthat brel dtioms the basis
ofﬁg%&segﬁ&ggtion and uses that as the estimate of the maximum
correlation power, and hence it forms the basis of the range estimate.
wilhen she.cosrelasion resnonse.is distgrednyithmulipathathe.eatimatesion

peak value of the cogrfetLa&thgsgo > response is in error ecalise of the

TREESHEoR T POWT TeasUreMents along the Corelation response. o
fepptietio M eV REPEp BfE T FENS firetiiariRe ég“e°a‘i‘§t8?f5’a% AP HEPE RRATGTOEH

patte npts:iovralenuect pewpowisrtetiabmefive lisenrrécidoniler the mmiinel free
angdharafore incorrectly identifies the multipath-free correlation peak. For
illustrative purposes, Figure 1 shows the two correlation response

rinnglionsfoipRdleakl DMA: IR mdionavigaiiensignalipidhe plieanDMA

'A&%Or(&%ﬁ%m&gﬁgltt%@%?g??tmn&%ﬁ!ﬁg@ gorelation resnense iunglien

101 and b) the practical, filtered correlation response function of a typical
T G e e PR
reoisoH3e FnEERS I84rPie Seiy MRERET RISt s i e tire TRy O
ibeiasandfitenced tiodtetioat-Doree katiatioe sprsipsenfreprstioniRigr & R ahbders
AD6:SME ISR ALt [ESRARSS BodbTeighy exdROwaMER thie ¢reeived same
Fanabin s £835H2 908 SARE, L2 Ck SENALALR 20 REARHEI N vot
mu_tlp%t signal at -6 dB relative to the dlreeﬁ:t S'QQ&A'HEPQ bgrggczcégfgla lons .
frPiEigR e DA PRI th etﬁ%?té?izcglngur\% as'ho data nolse, perect
o de Bikgrets e renstiadsimtbrify SRS BREIR 4°STE AR IThEOBh & gSge-sided
R etigatidh /e hasidateindiscien Figutni it thd réiiindranghvidiimonag derived
M2 dhis-clerkiromFiguee: 2¢ thatdheEes g FRYEMSAISH eantd by the
derived from | r measurement of the correlation response
l‘%@%ﬁoﬁ?ﬁl)ﬁeﬁ @ﬁj%%%%%%ﬁe 20 multipath component of the received
glana ‘-ogagggs‘ggtmqéﬁ%%& RIMA fadieang sadio Navidadnn aysteMsonsty
SUCH as. , use continugusly J)ro ctgst sggnaall.!as 'Iﬂ'lhgr%frglro%mtheregel_r %tthe
HPRIRILTIEREEh SRSFENS-APE B BEMIToUS freSent i the  samples that
arwipste mrethedcsr e 2oorapro eress WAt COMiMer S s thateivg: o
RERViSIO MEomesparatimgotae niultipathdempdivemvighihe Beodtdast kdidrect
pavigation signals:fromdhe dileciPhicampenesks\amoy sBChiigies fatemns
multipath mitigation in. RSS2 CRMALRMIR PAIUAHOR RSB S-RNE RERRs.
proposepé. One such prior art system varl%%ghe rilatlve |%a%08 of thsgamg for
E’GFP@%H‘B’FF?%W%%B%%@G PiEasTiEments (Pseudorandom
NuizetiRBigirieR R Gt wini AHIem Fe Teate2e® SRIERAATT iSTstrioR bl
BynamicalyAdiusting the sRienecD EkapBpacitty B etiveereBhid yeaimiiegrauires
GOLlatr SRR MANEL Rlatd ISR B3R Copata s tipledh, SO desired direct
HoASheh NS I UG Sl R ARt TeGelNah Nanai s 0 QP EIaIE.a
E5HeE Shd cannot separate the multipath from the desired direct signal
BalEicon AREIS CARBIO PHH BT o e PR SSUTEM ERtS o Correlation response
faivstioniras RiIcSriisen, iomigureDomm otBrRaih MBRPRELTTS Rt TR
tsebRighieowiliz e stearratation Sigivabd d: itiisieonic Systems, in press) which also

suffers from an iability to separate the multipath from the desired direct signal based on the Jocation

of the power measurements on correlation response functions as described in Figure 2. Another
method utilizes post correlation equalization weighting of the response function power estimates to
refine the optimal time delay measurement, such as implemented in a rake demodulator (Proalds,

Digital Communications, Fourth edition, McGraw-Hill, 2001}, Howsver, this technigue requires
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ratios (Axeirad, P., C.J. Comp, and P.F. MacDoran, "SNR Based Multipath
Error Correction for GPS Differential Phase," IEEE Transactions on
Aerospace & Electronic Systems, in press) which also 35 suffers from an
inability to separate the multipath frgm the desired direct signal based on
the location of the power measurements on correlation response
cfupiésatst Seepive e P IFPFRAAGT I Aot ISP SHETh Ser i skip &t separate the
mabfalation e uabizeticirew eighatibgedf theheebpoins e fuc homep owasirements on
SRR s alingoibasoRlimak HNne aelay NRABIE MARLERHERAS mitgtion
ARG RRICE e %e%op%w o e o A g D

ition, McGraw-Hil However, this techn e re U|res4

2hgrhrs A By WS?R?&I’E‘?FE‘WWV 1‘8"8’53?%% %8?‘%&&? R 4% erg’?triﬁiﬁ oo
pestroieresisting rereepaeates tHB brsompad iy o iRe W ST i fb e c aPIPasde
10tisthedacht anlofthe popwer sigebsifemen tsoonhe dreelativripespd Agere 1 by
Junetions asAaseHRest iR Figlne 2 beldhegRmps intarcruitipath
mitigation techniques rely on minimizing the impact of multipath signals
ﬂ%%ﬁ@%&@@ﬁms@g@é@bsorbed into the correlation

process Aseghowg Y tP%Q@ néctl B i0 Fi Floys gﬂtg&%%ﬂ%g Jwagre&}gegqam

1t’)siacorréﬁl%ltlon power responses WI e corrupted with continuous

%ﬁ?ﬁ%ﬁﬁ“ﬂ SR ﬁ%ﬁ%é‘%’é @ SRR REETH B @RGSR SESTRRAPHET

' egitjva POk EigUhend e tpreire Berelaty sigeralisgPeRiure 1 by changing the

relative location of the post-correlation power response measurements.
PRaidie WavigationSips terernd i rgrruiistsdhsi ginatael Temlp siiia sngEtisieg to
@S abuisighelesiiamagnetieeneiyy ithatihasdimitedvelvraticnrehiprined For
49, Q@o\ﬁ%ﬂ%@@&% E&!eﬁe @Qma%ﬁ@s @Q‘d@ﬁtﬂé@@? m@mt ta:é;g” n@@t&@s@m@r
er ere the {r eris emifti fially no, output
%%fb‘g Qlﬁﬁ)epe?%re aélgf%%ngJL %%engn rerﬁo%% wol{ﬂ é31'eu o?t%g and
Aeptsating. DS Sel A shittet P thal gih BT SRE §?§ﬂ%ﬁ§a§WAPﬂﬂf Silfcirdfs®
GRE Gatellite Sigrigls) Gedtk SPUGIAgGTehBineusite shempy Hrlsdiaiensmiting
dalativeiordhes cemalation dmehifiusht: exarapliina dRAn e Bid sifgning code

Sehem P&%LA@Q'?@% &;??E%ﬁda%{ﬂ@?&ﬁ@%ﬁﬂﬁﬁbﬁlﬁbﬁ@w Bkasian ok,
Marltlm ME? g rkinson or alL, Glob ionin

IeCIHTR - eorﬁ? an SI‘ljf!:r]é\ ion, é%ﬁwﬁ\ﬁg\d%%s%ﬂ E_’Létélg% this pulsing
I @a@wwee%@wefé e efRIEd S AR (fljh%’fs’h’b%‘gﬁﬁﬁ &g
fandhichGRA TN coeke; thisopaisiingidetidate reaifeaeliptianiisitng
continuously for 93 chips of the 1023 chip sequence and remaining silent
Blisingsth eadénraiizngncogel durativn Wideifgnth 6Mai 23 ahilpes cyptas &
diffarent:93.shins eapenoarweuldhe tusadtasin igenlosationef, thaiddn, Us
pEAoas %@%quo%&kﬁ%vm%w@mmw& Bhieapulsings

sch eme WaS utilized to minimiz ﬂpa t of the so- d ne I’
sho 83 for

prgBteth. KEFbugh i SiEinG Schame rBdticed tHe Imp t GFihe hear-far
problaistiont rBHsiRg tHWd@ %m&atﬁlmfﬁg% Yﬁfmé% erd e rgofidrest
aargation signalssuthzasdira@idedam WwBatifize A Palsirrgo! ranging
seheme #9 @@ﬂnﬂ'ﬂ@@té’&mﬁlﬂﬁﬁﬁ (Eut Duapd ex dltranideeBand by measuring the

rl(é‘,%)agn gn;e]%a# RS) ?}ﬁiﬁwm%ﬁéﬁ%&%@@p US Pat 5,687,169, Nov.

ime-0 t Radio Location System, McEwan, US Pat

|
grgslléegy? diod i@g{@%ﬁgﬂf B, syste %%H%ﬂ%ﬁé Shartpy mm

e capabi oth_ communications a Bﬁ,gglgg OWGVGI’

EHEPRa A JREs CURIE St L S ad co%‘%oadc energy in the ek
plfsGabvpicalYarjeut iz st oo SBEFEAG o s drbSrEeat e AF %%86‘?@ léi‘dmg

EAROIN e pulse is proportions] to the bandwidth. For wide bandwidth signals, the rise time of the

pulse is short, allowing for precise timing of when the recefved power rises above a predetermined
threshold. Therefore accurate range determination is possibie. For bandwidth limited pulsed signals,

the rise time is relatively long resulting in a gradual increase in the power observed in the leading edge



30 algorithms for UWB is the detection of the leading edge of the
transmitted pulse by measuring the received energy in the radio
navigation signal's RF component. Accurately detecting the leading edge
of a pulse requires an extremely wide bandwidth. Typical UWB systems
utilize 1 GHz of bandwidth, This is very wide compared to DSSS CDMA
of YSHAMS Siihhe gra@iR Snthadetimoadty coniypteliilieindtinetin Kaahk20ukgHef the

| p‘ﬁggs%%gcﬁlgnals the rise time of the leading 35 edge of the pulse is

10

20

proportional to the bandwidth. For wide bandwidth signals, the rise time of
ANGRMISSS 8RB0 g}lewmemm&@ﬁary RGO aien thereseivrepowear,
ol 36° EheYe, A RLEBIIRG] JLe Bl DRSS 6 d il rocasiog

tErminaton 1S poss le, For ban

limited pulsed si na he rise
T G B B Fe ST 5"@?%?8’@&?‘?&&%%%5‘!%"%5’ it nevigson
reghise middtincthelsa o ferpEie B MPRSIFTIgHES mﬁ%@@f&aﬁaﬁ e RSN
sIDQWE k,nRGAY sately 1ol ete dutnirg divesdxat HEYNmithgddithe rpudss i@ constraint
of m@gg'ﬁ@}eﬁﬂﬂﬁﬁé Rate LYUB teehiglagndexsione thy Betham\ Wiirements

é%%agﬁ?@sabw LOCﬁ“Z%E%aﬂ% [%gg BH% <Ak 6400024, At DR,

zes Direct’Se uence CDMA % %growdl processin

P FHOTREH IR A BB IR 2T A & BRI BPS slg?ﬁté‘ scrc’ge aoy
aFl@Eﬂ|r:tgapr@MREGSSﬁThmﬁgaﬁb?%@%‘iwﬂﬂmﬁft%‘%dﬁéﬁm@eﬁiﬂ%nﬁmﬁﬁn of
pERRG S dRenIwe mealsremmfithe: flightiimentdpihedDSsGRb Priosignbdzining the

M&%%mﬂg&b@ HRatggscribed above for GPS. This method further
removes the constralnt of detecting the leading edge of the pulse.

pté%ﬂﬁ%pﬁwﬁgﬂsm@aﬂﬂwﬂ@gmmmga%am@m@m&yw&m@k@f
the technolo mg{actlcla th an égdu} @Ph atlon% Agdilt{ﬁ)nall gne
BT St %/ th of Flething s pre Farr imentutizes a 1
m@g@asmseﬁm@ﬁg%ﬁm %&@hg’éaﬁéﬁc‘é“l&? KRR RS G desirec
dtesuitsuih aadtdta btive o fmeltegitisendf atoutiedshitrosdeorasiaipioens gad
futsinaRatesndaes nekatiovist Hieie ot damen ipsdnsiiip athotont msipai@gation
s sft!:&?{ %P&%%@Qa{&%o&r&mmg@dgﬁ dherslbacRiaRhohiR. Eéaafe«mge sigan

ath m igation techniques in CD raglo navi atlo rel}/
d th
BRTTH Fr%‘ica"ﬁ B BE I enner C cohrfml%tﬁsous or pt?f sféna & there y )
fﬁ%ﬂﬁélm‘éﬂﬂﬂe multipath component of the signal in the correlatlon

response function. These prior art techniques are intrinsically limited

Peasdsskahicrdusr & uirdereigiarangmdich rash it g e 8"

| eatjainedraigrip gidhds dorrdlatidreprocestredmdatydresioné taéie SPRaTaiio ks

25
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35

SERAFAUSMILAIN ROBI GRERIARIPIRGESSNYnR riNEar ARt OTha vigatiomvention
Systems.ibatutl %E&Hgbf}%gﬂifm@& leading.8dge.ofia AL iRgtae mdeses

etermine range require |8J19€ signal 'g.hil ban WI th, Oﬁl’OVIde accur

‘Fﬁ}tn‘@@hr‘?i‘é‘ﬁ%su%?ﬁ@ﬁ@ PRETEEISTS 16 reg FiSe times in cm temas

e requwe rapl
readdived! pulbddh PRty M@*&%@é& RASS FRH6 ﬁ&\?u@”dﬁ’&ﬁ"&?&é‘m that
can mitigate the deleterious effects of multipath on ranging signals but
which does not require (a) large tracts of radio spectrum, (b) large

‘;%J%Yﬁr 8@%%&&@@0& -correlation power response interpretation.
€ presentinvention 25 achieves these desirable oa(llm%%It aII

Kdsrarehittof e ausre I e S RINATS TR R %%a% SgREIE

mmpmm@m@mmmeWﬂ@a&ﬂ@r&g%m@mwwﬁﬁgﬂ%éﬁ&m

ARtepRasHeF maditienal bandwidth beyond that typically utilized by DSSS
CDMA radio navigation systems.

It is yet a further object of the present invention to provide a system and method for breadcasting a
pulsed CDMA DSSS radio navigation signal such that portions of the radio navigation signal are
substantially free of multipath.
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OBJECT OF THE INVENTION 30 It is an object of the present invention
to provide a system and method for making range estimates in CDMA
DSSS radio navigation system receivers so that the multipath component
of the range estimate is mitigated prior to correlation. It is yet a further
object of the present invention to provide a system and method for
1t broadcasiingopcpiite rSOMADSESS radit: nayvigution sigrd|fsUobrdmtog a
ptﬁ%@&%%ﬁ%ﬂ agdig bRy gatiepaignaiareyacubsienhallyie e ototimous
S].E@alfltipath. 6 Itis yet a further object of the present invention to provide a
ystem and method for broadcasting a pulsed radio navigation signal

r RN py'sea tadionavidalie) sanal [nRioaseel AR A LeRnuaHS
s@na. ISyet a urﬁ1e_r orf:)jeqt of the present’invention to prowdS a sxﬁge?
seRRlSABEERT YET BB APYERTTHTSRAT oL RSB SEL R drpsiatyy corrupte
witawigttresiopaksel eprEl flve SarnprmaltRat areiisseln alRpE G pted
with multipath are processed separately from those signals that are
Tt e s befintifeet bone lof ket rdrese inteldigncte arfiyitha Ao etdonfied Sregareesing digital
sdRVBNEO TG nEaRRgyatRM i nviion foriprosassingdigital = salmplado
n%_%aﬂmkgnglaﬂ I93LiARSIEN&LR. 8 RAIRBRA\IGSHRA E.ERIBE SHRENRNRRY for
2 RUReR A0 RAVIORlonSidal.l IR EhA b NGLOBIGGLOLR  ra
p(esgzﬁt Invention to provide a system and method for 1% estimatin i radi
ARG Lo P BB AR G o T AT S e e
ngvithilonesigadio navigation receiver when the digital samples are processed
synchronously with a received pulsed radio navigation signal. Itis yet a
Ifurtrerdjget sithobiesertinianmion to provide syusmtah Bredriatmeyifbe
RIeMding Ml tipathdnitigaian-salimited bandwidth receivers. 15 Itis yet a
further object of the present invention to provide a system and method for
1&?9&@&&%{ ahee o8l Bﬂ@ﬁﬁﬁﬁf&fﬁbﬁ?w Eﬁ&ﬁﬁ@ ﬁ%@&fﬂ@nﬁﬁﬂgﬂff@ @ﬁh@ﬁng range
e%%%dée@%e%%%%&l Wsed GPMA RIS radin.navigAion sioelgal Hswelao
urther o,%Ject of the present invention to provide a system and method for
BHSEGRE Aultipath mitigation in limited bandwidth receivers without the
requirement of special antennas. 28 SEJMMA Ya QﬁeTH IQI%I%\I;QOI})IVWH
Yriser i ST AR On Hi SETEEe B B ient and méthod for mitigating e
RSt DS S MR TR SR ETIEIT SRReEeRsRLy. e Mt a
rapid pulsing pattern from a transmitting device to a position receiver that
SAMMARNOF ARSMNSEBIGHaN b) separating the received samples and
SlopRgsARIes hased:caueiation asrney atigRvales e iDgepensantdo
L g R e el
EA "’élf':%ﬁﬁ%c&is oI processto _ngte minée the accumulation pin associated
TR e SR BEGESTIA SRR, SHTRIE LS SREET SRS Ang TIaRgE™
iestinatelfiormaiendoive it NsC EdEIHO PG FA SSORSERR ik S received
IeBsingedges.afithe eaiMEoailEesBRIEFBRESCR RTIQMOFHSocited

Q@M&%@%@;& L,f%%gmg;axs@cta@mgem@gmgesm&ew e enetion
-0 ay fi

30

accu%(l)lgaetitgnebin assmijartlt% I&%{b%aré !ea%)%lgg Qd%ess §f the received pulses,

BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1. depicts prior art autocorrelation responses as a function of code delay timing for an ideal DSSS
CDMA radio navigation signal processed through an ideal infinite pandwidth receiver and the same
ideal DSSS CDMA radio navigation signal processed through a limited bandwidth receiver.

Fig 2. depicts prior art autocorrelation responses as a function of code delay timing for an ideal DSSS
CDMA radio navigation signal corrupted with a single multipath signal delayed by one half a code
chip and 6 dB beiow the direct signal. The correlation response function for this multipath corrupted

signal is processed through 2 limited bandwidth receiver.
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30 CDMA radio navigation signal processed through an ideal infinite

bandwidth receiver and the same ideal DSSS CDMA radio navigation’

signal processed through a limited bandwidth receiver. Fig 2. depicts prior

art autocorrelation responses as a fyunction of code delay timing for an

ideal DSSS CDMA radio navigation signal corrupted with a single
Figultigpéeth thigeiatiodshinyretivizy tntriindfol deitib saskmios dranordBuretuii aagsation
rGifREbSignAk- iR caselaling wmapapiae funetionsfosthisunvititatusne et
m@%@@% e@@cﬁsm&tﬁb&%gﬁ 2 lignited B@@@%@Mﬁgﬁm@zﬂ %Jﬂespattem,
[+]8)

ere atIOI']S | etween t timin tal sam |eS ta
ér?%aqg %%c\?ssm g I‘ f;lt\]/h % pagon accg:n?l ,9'5

e present invention, w ereln e samp?ng
S%WP@%%?@WW@E)EHE%W&?@W HiedrakEbed pulsed radio
navigation signal. A received pulsed radio navigation signal pulse pattern,
Figofr ORIt B TORSOBi eiien A% HFREL0T HELE PRI RIS YD (A TR Bifsgaton
rassied tisepearaténthsicigitdr-Snchnpletintodinsitnel smempaetvh du ovsns
riReMSRg RafienE alt.alsasaepiced. Kigdivdepints e d elaiionshipnal pulse
M@%i&ﬁ&ﬂﬁm%ﬁfﬂ&%&%ﬁﬁ%§ ke WIBIRASAF R ARIGARARstion

receiver of the esent inv n1|o Efareln th sampll interval |sﬁnot al
bgﬁﬁi?ﬂfgﬁegﬁgtw%hdlﬁ% Iensgm ra e S c%muo 9! % atters are also

eceiv ulsed'radio navigation
detéstedl. A received pulsed radio navigation S|gnal pulse pattern, correlation

processing, a receiver pulse timer mark, and a plurality of correlation
Figo@u AABIFERI G- S0 DIRg sTrre e T%éﬁ%%ﬁ@ﬁi@%a?%‘&hﬁﬁ?ﬁn%’m e
barévsiinehre RS Witk ihelpd sirgopageéen samelalso depicted. Fig 5. depicts
sub-sampled autocorrelation response functions of the present invention
GSHTER hanmdwigtiiibnited DSSS CDMA pulsed radio navigation signal.
YSTEM AND 5 The pre isGl
R I SR e

R’i?f‘?é%é‘ﬁv‘@@’r‘?ﬁ@%‘é@ for ’ﬂ’ﬁ}? W@ﬁ %3?8 & SEB e TGP TR TR QT Sunseauent
mvBginBing vhidubseqlient plicwsiegion FEcPRpicP pirESa %Wzaeié&m gain of short
REVGAL oM ERceiVEISIOCBRRI sah ddntit prefdh értrain pishortopealsesbasiaere
HOTHR %%ﬁ&%&%@%%ﬁé‘%&% RrRvige f@:&h&ub@ﬁ%&@éﬁﬁﬁt\ﬁﬁpﬁs
sl%u' g iﬂh?er(%ﬁeiangner%gcg hh%?a Qmﬁ@%@o%%ﬁ 'BQ gd 915&&{ pulse are

er separates recelved samples 20 su to
d |n8 Wi ch are

Rfﬁ?‘?séfétﬁ?ﬂﬁ%‘ﬁ’g&sﬁ%‘ﬂéh"sﬁﬁf@gﬁfﬂfégcggs%ﬁa%? |fh ﬁéﬁre e
bfrefachnpul seepibiprooedived MduendErshFroPRNT GEePERsS ma%mws
feeUr Jateninepchdase: perio dianetzwhiC IDase Chblefeppamdre are present in
SRGeRHbIe Ie myipadhrortuatian. The short pulses are processed as a

continuous stream of samples providing the same advantages of DSSS
g}g% Sidnals that are present in continuously broadcast D5S5 CDMA

G A A ST A -

one na is used to describe_the

predes fReRtarhBIeERt iToCHaTaIPRPLIHS IR EBh & AR pO AR Br 15
bﬂesﬂmpslsﬂeqlsnﬂmdbﬁmu@mgmﬁgpf?ﬁ%ﬂisé”@lmaa?ﬁﬁﬁ’ﬁ’ésaﬁﬁb‘?@%ﬁb@ﬂ
100-nanRsecondsdappreximately 3eiometers); il ovetibyde20@, the multipath

NANQSLLONd: UIeLRRIAL Y %@&éfa@etm chiR quigktine, thewmdiipatheafon
;;?fgg‘s'e%ggﬁg e o, A [EMIR00 AR NG ENRRUES SUASYHS: T
sufficient time for the short multipath (i.e. less than 1.5 chips) to dissipate. The correlation process
will reject the multipath signals with & delay longer than twe chips. An alternative embodiment
utilizes a pssudorandom pulsing scheme to mitigate any modulation effects that might be generated
from the fixed one chip on, two chips off pattern. This pseuderandom pulsing pattern wouid mainiain
sufficient quite time between pulses to allow the short multipath signel components to dissipate prior
to beginning the subsequent pulse. Other pulsing and chipping schemes, such as those that are not
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process rejects multipath signals longer than 1.5 chips. Therefore, a two
chip quiet period allows sufficient time for the short multipath (i.e. less
than 1.5 chips) to dissipate. The correlation process will reject the
multipath signals with a delay longer,than two chips. An alternative
embodiment utilizes a pseudorandom pulsing scheme to mitigate any
sncichmiadioritie fe chip ittt igh tlbebg emdeaté eh@ Blfroithit e fivediscnpe :ohpmbinef
hwigeshipsaffopattern. This pseudorandom pulsing pattern would maintain
sufficient quite time between pulses to allow the short multipath signal
mm@m@g{gégﬂ%ipa@sﬁg@r to beginning the subsequent pulse. Other

Y ”&t%@nﬁéﬂQ&QQ&%@Q&%&%&EEh&&é!‘&ﬁ%aﬁ?@éﬁ@ﬁ%a&%ﬁaﬁx%'& %}%S‘Q

with the ¢hip pattern, can also be emp ed nd fall w thlntwe road
S BRI PO B RFREE T N BV LSRG i o en s

SPPRiER g W@%Mﬁ%ﬁmwﬁ%ﬂm@w&mﬁ%%rgrawﬁ@ésmg
ratteaceretditio ndge elifvutation! valkaes wthireased indetiondvatiyfatiotiereoginier of
i3 Ryncrapigityrgtihsdie taaing of teeivecpiueds pulseeHign 8l Miasm dakame
éﬁ%!&?& %@geé‘e%ﬂ%@ %ﬁﬁ%{ﬁg Ltﬂélﬂ \éw&‘ %RQ‘@LPE% of the receptmn of
gnchro %rléflx}é \(/élth thg recelvge Jpag %gﬂﬁ? tte e Iea(gln‘%‘ed e % the
TPE RBIS {1 BE" processe ezﬁﬁ? ?ﬁé?ﬁafﬁ% FeIh S BRAa
%’@é‘i@@@@?@ﬁ@l?%@ﬂé&ﬂfﬁ@@é@éﬂm&ﬁ‘é yEseAY pulse is less corrupted
by multipath than the remainder of the received pulse, or the pure
Thutdpaithosighesso et imepait by thieteRaoiie radapte nootilrRe s Rswonse
vEhereforbyritie sangelastimatecerivethise inth Cicadingeagesampiesuiniin
helgss Mmpﬁeglgb&xmsﬁm@mh@a R saRNEs peeHringilater duting the
DUlsGGurle,. It efcorr%sé%g%mm ahibsLisslinvenion aecumuates,

and stores correla thﬂ power response values in a plurality of correlation

D C R RERRT I‘éﬂ%ﬁ‘tﬁ’ﬁwl@,’“&"écﬁ“%ﬁ@rﬁi‘fé}h1E>"rc888”ss‘h§68ffﬁitﬁ ARfBh opigRtion
iznal i apwethie BT A AisHE KRT At AnthBerdisin et Sin By aieted v itr I digial
ipragniragidéea Ihthommeationskeaimitationpsobe ssillind Acoimt ateks af]
sianesall gerre BHaRIL ISP K-SRIl RRthntheceR¥RatIoRAbreation

correlatlon on process ar%g.lsthe ol sgnagénvcg m£ ther %ngd raHJI Q. each digital
I?1aV| atlon %3 a |s converte oastream |ta m) sz{nolg ?1 2
- 5 D AT PO afgtﬁ%f“%ﬂg SO et

%W%W%P@%W%r@@@é@%ﬁé?é@émgmWSG&%@F@WME&
sammple araal digitaksgreadingsegente aresunmeachtion el erdapakthieor the
ﬁéHLtéﬁQ{geﬁéﬁb %&Wé@lﬁéﬂﬁ&%&@!%ﬁﬁ&@%ﬁﬁ&%@sﬁ%ﬁ}@&&Qﬁﬂ!@&&ﬂ
curs.seguenti C it mple is collect
earc-:]h gursanﬁlelahﬁe COIi ‘ﬁ%,u‘e gar%g ﬂ'x ?&g %T%E:Ire?t' ep §& aragn t% d?%x%al

or ocC ection samples. The comrhon éleme
TFPRBT R SO A KO PEISHTN FiSEEYs o %@ﬁ?g{f P@%&?Ps°6fhﬁ%&mamﬁ*§ra?§%ﬂes
sapfplbisrwitly tigitebspifsmdingietguences are all accumulated into a
single correlation process accumulation bin, independent of the relative
Hefimgeoioth e Boehi thetigitdtmden plaBuspiive threnpid 96 dremrsitios orrof ofte
preese b inge2 bve ackecigitalsamplaitas.difierentioirettantheltinat

29nd canie mmlmgfgas %@%@mg the ﬂwﬂ@lcﬁgm&ﬁﬁg&m@m@a&m
rocd%ssm acc the n of the BI{WSI

osi att
a Y ? |§1 SV attern of 0
rovides EA”f‘ﬁﬁetho I‘éﬁ’%\ yzin kefhesed ere%? contents. eerrlﬁa AOW

Péeinﬁ&a R dss .Eﬂ@ﬁrﬂ@dﬂaﬁﬁvmaéﬁaw@fé?&?ﬁb?@%@mé Cea?ﬁé{%&.ts provide a
proge sgeofithe Mprespiey sy dntiorrewhe raireciineg pdisesvBenndrg18ihre DSSS

: dgmﬁtﬁﬁe&ﬁdﬁpﬁgﬁm Qf.{tﬁmﬁbc-ﬁfﬁﬁsaiﬁﬁﬁSpﬁQ(}ate of 1¢ M-pulses/sec. Therefore, for

sach of the complete one (1) chip on pulses 300, 313 shown in Figure 3 the receiver generates seven
(7) data samples. These are shown in received time sequencs relative to the pulsing pattern and are
nmumbered 301, 302, 303, 304, 303, 306 and 307 for pulse 300, A6l samples taken from the received
signal are Mustrated as dots along the illustrated signal line and mdexed on Figure 3 as “Data Samples
from ADC”, In the example illustrated in Figure 3, samples 301, 308 and 314 correspond to the
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30 and 313 are the transmitted pulse on/off timings and not the chip
pattern generated by the digital spreading sequence. This depiction
illustrates the one (1) chip on and two (2) chip off pattern of the preferred
embodiment. Further, the receiver o§ the preferred embodiment is
configured to provide a sample rate of 70 M-samples/sec, for processing
beeiaing b uma FREH R SR SIS e PSR Ge comi ARl O TChis st erales
307, 3000283M-cinisisen tindhial pulpd: rdtepakd GulVsperl Sesige te Fhercfosenfpe.
sapeaeh Qitheeompleie: engid b 6 ReB M Ses 300 sadkohoR GG
e PRAERG R ACASTaaS Seven (1) daia,Samples. TNSE Al G AN ilween

recelved ime sequence relative to the pulsing pattérn and are numbere
302 303, 304, 305, 306 and 307 for pulse 300. All samples taken

from the received signal are |IIustrated as dots along the jllustrated signal
SIS iRy S IAESERI SR SRTATRE RDECOTHEnplss into
ceRariplamesstranaatisiigeire SRS 30 1308 PS TR cothes sumdp td17
atherfizbeginSihgoflalpuisetisampies:302n306 and 3 1 amorros penditathito
se6epd @@ﬁ&haogfpﬁ;daw@&mﬁamm& ﬁﬁ%@é&&%&&@ﬁ@ﬁi@&&%&’e iouthene
gghrd %fnplet%s aep&l @a%l%lg%@ gg&%ﬂﬁ Ehetg[gegs 0{559 m&rgémﬁn pro ess

corresponds to the last sample of the e 300. Further, all
ag‘é‘ﬁﬁ‘ﬁ}?&gnoti’ﬁ??é* it A SRS S EeeeHta ﬁ?ﬁ’@“v’sé?r’?ﬁfé%“’é’%‘fs FRSupERPle 6
cgPFatien Fraes snaensRticedieSHontl tharfevegiitcaine bdiveeneBpuows 304
a&aﬁmesfﬁ% Sibkrenae Dl teatylskar rgatimecantdai ais aow entai-separad BQhis
HISARCQRND &m 'Bﬁ@m&%ﬁ%@ﬁt%ﬂ@! @9@%’3@%&%@1% Qﬂiﬁncn of seven

chr Wlth the n tte us sam ulates i
SRSt %ﬁ“‘éf}o%a';%gcéaﬂ%u SR b R GRS
’%(‘?HPFEE’FB&%WW@’EJ%%&T@‘?%% o1t ﬁ%&%ﬁ'&?@&ﬁﬁﬂﬁ%ﬁ”&ﬁ@?@e
tauthy pasrtivrtvgetronsls thénsbly wemedewwies the 40 fitthasamepie fin Shisration)
SegueRcacIaARpeSORaLtanmdadie sdatauBtilesample 5 correlation process
accumulation bin 324, the sixth sample in this sequence, sample 303
aeamulates into Subsample 6 correlation process accumulation bin 325,
and the seventh sample in this sequence, sample 304 accumulates into

Sy bsermﬁp?e SRR AGRNAIAN DI T2 o BRI .
in thls ce sg/nchr nized with the g% ng atter Ie 318, is the
first of e ?‘iué"ét Uenc ik VSR B sampﬁe % s{%ﬁ 'fnaﬁirilém ae
reIatlveg%“ﬂﬂ%rb‘h‘Fs”é“ﬁQttern as sample 317 and therefore accumulates

into Subsample | correlation process accumulation bin 322. All samples
wih th@risamnpe timindatiel atives tocdthwlpiils éipiiternasisanipderShy Wit fhisame
examplg:sampies 318 angd SL8-ake shewiokilustiation ragcuylates intg.
Subsample L cor A process accumulation bin 322. Similarly: 20
Subsample 2 corre atlon process accumulation bin 323 accumulates all
samples with the same timing relative to the %#)ulse pattern as sam&le 320
(it thiSBRFRH R EEHPIREESY AFEBI RS ShORHTOP TG tFRis) it the same
Su bsa@@&b@ﬁ@é@@ﬂﬁr%@éﬂs&amﬁB%Mﬁxmﬁeeaﬁwﬁé)te@ &l are
samplesawitiothiiessams; timing relative to the pulse pattern as sample 302
in this example samples 309 and 315 are 25 shown for illustration);

( p p

Subsamle: 8. CORIRIN LRINS e SHARMR At LRIk 34s: 3 Chpilaias @l kame

Samplet?mvi\rllly;emwe 10 "Zﬂe pulse pattern as sample 304 (in this example sample 311 is shown for

iliustration);

and so on.

The correlation process of the present invention may accumulaie and store the accumuiation values in
the subsampled correlation accumulation bins using a variety of methods. For exarnple, if the location

of the puise is known, such as in the above example, thers is no need 1o process samples afier the
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timing relative to the pulse pattern as sample 303 (in this example
samples 310 and 316 are shown for illustration); Subsample 7 correlation
process accumulation bin 326 accumulates all samples with the same 30
timing relative to the pulse pattern 5 sample 304 (in this example sample
311 is shown for illustration); and so on. The correlation process of the
leqdiessaiat irithe mtpeived s de 6 fathenterhpdinsvsr B hesreledmPrarat SN AR Rueslas &
fEn e Spb Sampled apelatiandaepuon ulationdiinsinsing asvariétynplaniathoy.
auﬁs?g %@é&ﬁ'%&%ﬂ%ﬁ&%@éﬁé%&owﬁe@ kORI SHERASIS PiRdefined
e o IR B R0 IR BERGSSS SRS AAShIE, Wi Fadipg
pulse. Urther em e correlation
raﬁﬁe?ééemay e A S PH Sl BYeTRRITRg BORRTHRP ALk one ohip of
puiorsiztatiohbavewhing | ofioreiime ivra Secokedsarripe ik Joscoadisie &
prSReang e (TelatioR-aee i uiaitaetintie-andocnnltin uty acgbirgisay plesdor
e &%ﬁgemﬁdpéaa@b@w ﬁa&név;;h@meﬁe&eﬁe@ mbgdimentdeiaismitizingn

seven l%Dg}mcu atlon bins p#s £ scﬁ gg‘%&bgt%u%ﬁ%vgpm

samp es pe fn the pre erre me, there is one chip of
cmlg@er@wgnsmﬁcﬂ% B fﬁﬁ%%&%\ﬂfeeﬁefﬁe%m%%&“%ﬁf ERiss!
thbrrsteian chkecumdininyg Haetp Pe*ferﬁweeéeﬁlmn&ﬁ grefprecd eekidBIEo l%‘“‘
conternatively-acaLIm tatRoarilnthiber bibinepyeaomntinviite thaen: invention.
accumulation pattern beyond the seven (7) bins detailed in the preferred
sampodimaenteabiane aliemnaigrmbodiment, the receiver could accumulate
m?&e%@%é&gdnﬁ?o\&sﬁeﬂt t@%@%&l{%&ﬁ&&%@aﬁme&@t@eéeee@aeerémgraist
with resp to t1e entlre I&ln atter a futrgher embg)dtmenltefeg%g
NS '§ faoac&%lﬁpfu% Re seven’hﬁ Bing detaned in the
sﬁ@eﬁeasmmﬁmﬁérﬁwﬁ#&aﬁwéha geeﬁFﬁhraﬁlBPfﬂ?we%aeﬁume
sanriphiig theiilr ol scope mriveimbicnf $Hdngrbs ermringarition toJurrrptvetivalig
Relative ie.dhe Ausing Rakerpndhe prefasespmbedinentiof dhe present
HIMENHQn. e sample. fﬁee%frﬂ@smm%qyﬁ GEIMELIS AL an NIEO8Tse
Ytl e of the transmlt}ed pu ge fe asis is the case |Lulstg%tedt{|)nva|%|{gfaj g:él
igf‘ﬁt& p‘?eﬁaé‘i”‘? Bdee SRR ESE R B Pihteger multiple ofthe pulse-rate plus a
PRistcAEHTEl ConpERRinthat tAfedselne S%ﬁmpﬁﬁq%f%e B oo
coppeivechPisespShiging thiessamiphingdiéioné tomieereietlpmbg. Other
SegucesanAiasing-aifeats dhaleosldieprsentifiall afithensamples cach
1%8 Lﬂf?ga%% 8&%@9&%@3%@& EstRlveoaseRaiyesh Qme@mm in the

herefore, a sample- rate t ee rate rafio Is delgenlgsen&wonrgp ulse 20

ﬂ’gﬁﬁﬁq R §5’Fﬁeﬁ R set re AtiVe to the pu So-rate CauSes the S%Te
HosHshEte %ryféwﬂm@omeé G AR REhpfg fPYeT Brise rates, ighar
fidbanls efs ecisystemasnpisstiatad iviskiga ree Ssatrdiacivia aapmpatier o
dhesample-iatede-puUlsantatads an additional | sample in every 10,000
pulses. Other sample sample-rate to pulse-rate ratios can also be utilized.
L W@%mla@cﬂﬁéﬁp @ﬁlsmm@e@ 26008 piilses RISO-{it QfltiGe Saples
fe';'i‘é% Siiset 1o %8%% {ehY mgg 1090 te&&&@@%@mﬁ@a%m{@mua (s
75 preterre é?n iment, | e nomlna sam? e rate were 7 sam| % 8%’1
1on IS & Iev he

rﬁ‘ﬂ%%‘f@?ﬂ%‘f&ﬁ@ﬂ %‘a\%ﬂ%%ﬁ@te RS R AR T betwasn

e QO armsibty @ememeﬁf@mwrfﬁals@ R EPIRigheY th JEfo figireceiver
effsctsphriwieenmtie sandploaraferand iptise- tht dugre: regemitad tolyaryethel the
x%@JJJQJ %A&Qaﬂé @e&g%uisa time mark is used to assign correlation and accumulation bins with

an ynknown, but constant, offset relative to the received pulse pattern.

Referring now to Figure 4, the digital samples are no longer synchronous with the puising patiern as
was the case in Figure 3. A first pulse location, 401, changes rslative to the data samples, 402 and 403
at the next pulse location, 404, and the data samples around that pulse 408 and 406. Thers is a further
change in the puise location 414 between data samples 407 and 408. A first receiver pulse time mark
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the pulse during the integration time period. In the preferred embodiment,
the sample-rate is not synchronous with the pulse-rate and the samples
30 are not therefore synchronous to the pulsing pattern. However, the
correlation accumulation values reﬁrpaln synchronous to the pulsing
pattern. This synchronization is achieved with a timer within the receiver
is progaRWoe dAlitding knebyridednsinitietijute@irat guifkttihe et B2 drnosfirsen
roENEh SREEESRIY RlalRBLRS, SDiSRd i Ea the pHo idiRg1aorafeIenca constant.

rd2ghveen the known | @%ﬂ@%@%&%@ RRUE: @Eﬁo@ﬁatéﬁ%%e&aﬁlg&lfpﬁg fgﬁor o

receiver ulse tlme mark is use tO as:?gn corre a 10N an%!] ccumu

2 PlSRith 48 af u%"'krﬂ%%“g%lt}‘tecons?m BFTeld me Gmmép 5

e receive

tiprbrepditte R FaeRuSPIoRRSY #BLF T te ﬁ%‘é"ﬂiﬁi‘t&f’@’é?ﬂ (S eSS RS R
sy erabspuitkhdopUiSingpattermstas. Wastihexgame tre Figuets StoRifimsst
thpk—lié‘%vé%awﬂﬁ%i&hwﬁgﬁ&&mm tedhnidaiolsamplesAoR N 403 aat
sl he %Pg lﬁ% '%%&E&%% ARgdhe.datasamniesaronnd fal R ARR:

|s a further ch ge, |n t e uIs% location 414 between
S par- s(awht wﬂt rst recelver m%e time mark 11 is denoted
as 409 Although the absolute location of this receiver pulse time mark,
ARoigri S EsBRATYelative to the first pulse location, 401, the relative

Tntfysi g st REbE g o BV DA PRI PR (BT RS E PSS PRI HIgHR code
sthedeae e rRistniimiedsnatk; 08, riset mpproXiihatehitr esidets of the code
SAMRISS Q{&Tutgngeaﬁﬁrg W AQdked O SuftidhaAlthou elithesdatasampieiay
m%!%”ﬁ‘e% e %%%r%%zgs WL PUISSoR e rmatkef AAnABIRE cose

e locatl Ion, 401, Varies, the ali gn ent twe n the receiver ulse ti e
dﬂﬁ‘éﬂ@%“’ﬁ?ﬁ"ﬂ?@’ﬁﬂ?&? RS Er ifg]f&m R T ﬁ&
obstarrmgesdiae inited afibeamebRss At %@%@éﬂfér%@@wmﬁrkr Hopyse
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Logical Decision Proeess
A logical decision process determines the correlation accumulation bin that corresponds to the received
pulse leading edge. In the preferfed embodiment, the decision process utilizes accumulation power

values from each correlation accumulation fiming bin. However, other measurement parameters such
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25 in separate accumulation bins relative to the radio navigation receiver
pulse time marls, each accumulation bin represents a potential received
pulse leading edge. Referring again to Figure 3, the sample timing of this
illustrative example was chosen such that the first few samples occurred
prior to the start of a pulse. Using Fonventional correlation techniques, an
as a@@%@iﬂ%&%ﬁ ﬁmingzmaeaﬁeadi@@amag@mj)tmcmemd piise patdiagnuzg_p
woHIRLABICIRINC dealia AP TRy g@p%n@m@i@gmsm@ﬁaﬁgﬁé@
navigation recéiver time,mark relatiyve e receiye e RAtieLR, e
Wi IR T 3 553}52 F(;P ar%\?}%%%g%r%%%ﬂ?gﬁﬁ?ﬂ%-mﬁé imer would be
set such that the time-mark was initialized approximately.three (3
R RO B0 O BRI B LSS SRt TRREPRE b it ropmse
fupgtionmitiaiiBnBin Fs s, 54 TioBicHP EEREiBR it BREEidRe TP BaTRe Wik @
coaGiHiREh] cirmaBh praak| Gmpisks 60 lleGongtiod gursemiprstisets (h it n drarstsd
cRlAgemeRiihe eeaivenih eomamiomustihe piacedhasedani:dStheation
nceriainty in the rough gstimgatentiheos e ARla Y. HMiDOMOGikakidh fiter

ecision Process A logical decision process determines the I
O A B PSSl T Faed et e otlE e
Teh&poresies reppansiBuine it MEREERS FTETEss A e e B
SEEOYeE) s kie Sds taveeaeh scoeiaiahidnat ab arsrrigtati otsitlerim btk e Vesr sub-
<DINE! MRAANELIRALPAFKDAISIS St3¢B0d 25085558y 06l tad IS e alitinct from the
c%lggﬂﬁiu%%gegm\g/ga Sﬁgé%gég%%%%ﬁﬁcode tr ec%%ﬁgto me urg T metﬁme
SRR SRR SR TR B o e et P vaed o Fall it
sthreatsplsa cheEdpieTa FRIPADIEBFIFE Plesdlt if0entin e firifgto Bigtie's,
dhespoisidapittedramilinstrativeiexapphe ofcron Bl s &eiptig edr dedsrpdze of
AESHRNEE IURCHANS RO2ne081504; Raliy5aGi-k0¥;: andsa0&f accotdingpial
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unc !ang%ﬂf orrelation response f ndctlon %Ol is the t%g%etl%%rl epicted at
EBHR AR OPFeiRioR PREFOREETRAM RS Titering o data noise. he
tisueiiasngiEsiof e doR MR oRES ST EECTLFREIRSHS BRyS0ms (RFsiAuid glse Sie o e
Roiénand Hafaase fikersdamitiva 20 MHz bandwidth filter as described in
the preferred embodiment, and the signal is corrupted with both noise and
vstinaibie 10FThe thaegrtickbresponse dunetio RS0 7a sd-suipishropiton ad
a%%%{gﬂﬁ Q&Eé&%@é}éﬁéﬁﬁﬁﬁ@ﬂ%@%o@%i%&_ 509)5mb 368 ED?e&ﬁCbﬁ@Bmg_b pled
ave been sca uch that all ar 3 _ tad Driori
e e R il
ST S ORYel At BEIPE A ThE® BRI B fation response.
fivn otioini 5 Qlzrier thrah thesynemindlixtibveitis CoTIStEHce Sertarrerdng ppgu: prior o the
dimansion, irsteadniadidiap gilamsiapensithaipe &k powsionetkenulation bins
5‘3&%“%%9%%@#%‘;&0%%@%%&@&@35 subrsampled GerRialian FesPQNSamples
tnctions 202, 0% 204, 505,200 507 ARAL0G A e b ABGamR S ARG
i effidhal co (_aiation regsponse functign 501. Rlef.errincg tothe . - w;
RegREIvIES Bl o P HFRSESH FRPRIGPERTS B YA ABR TE S oTSE BT i Teddy
evittehtothatrthisstirratilee mip louirmtey opranstGrstshbnseetiin carlisaton
5020503, 504, :505::50fkabFeanehb OB auitiyes Bl inargtnvention ghultipath
(RIGIANRRPARR S DGR dfﬁ{érm?rdﬁﬂptﬁﬁ[@m%ﬁ@%%ﬂmrﬁm :
unctions were, depicted. at 20 the trailin V. a
EBPrEEHE ﬁeF%“sﬁ%ﬁsbéaf?ﬁ%% o Yese Wo u?ggaqiggqéénrﬁ 1%9% eg%lc%%e ron: aflmly
oo é%ﬁé@%é‘ﬁo‘?@e"?ﬂﬂ%ﬁ&ﬁemﬁﬁ Further, if the receiver clock uncertainty was large

compared to the rough estimate of the code deiay timing, then additional samples beyond the saven (7)

subsample correlation accumuiation bins described for the preferred embodiment would be required.

In the preferred embodiment, a set of comparison criterion is established based on the accumuiation

bin relative power and location relative io the radio navigation receiver pulse time-mark, For example,
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In the example in Fig 5, the logical decision process compares seven (7)
sub-sampled correlation and accumulation response functions, 502, 503,
504, 505, 506, 507, and 508 to select sub-sampled correlation response
function corresponding to the recelxgd pulse leading edge. Using the a
priori 25 estimate of the received pafse timing from the conventional
theporelatin g oeossing pdes eosiiatiputsentitive biaikeivaligie datightat the
prBRER N LR R ERE i QB BC oA WAL BIBS Bealde RIGRIAdIR omelation
SRR 1 I gL A¥%%91&«; sginadina.grae anddle wm&&q&as%&d in

correlation accumulation bins occur after [ the received pulse leading edge.
Pt PreramedomH ﬁ’g&ﬁﬂ‘gﬁfﬁfg@“}g R L LRSI ngﬁ%e fecaived
iepris edesa iy CetepErlpeoproleiog SO ThierRPRST £ 3P EBR it ebiterdtisn B0
apesEaEia i o nibihisheA ternat verdomd) adim enits varythie srmeidien pbwer response
R rehatiofuand AGCUMY RN Rirgured Uiﬁedlﬂsaemswaﬁtambec@eaa@qmwer
Dulse Jead geg & I3 oRsenad - hased Andhe %&Hﬂﬁz WRUEA G espone

environment, ‘a re(:ewxrefra1 measurement a l% quality. Forth@g:g p%O
HH oW mOREE R FBTRSARWR & EThe Fou 'ﬁn%s e co Dlay
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only 35 three (3) or four (4) bins would be required. Further, if the receiver
ouleckaansasainavassiargatanmparedbiotthewigidg hebtinsateanbthe dodelss
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received ffefent receiver configurations. Further, the pre ﬁgbé%am%

SRR Y TSR AT AT O N AT A acteisaia TaH e

iy din byt g oteldHiptrR TR %&@%@f%ﬁﬁ@éﬁ%&ﬁf@%ﬁvﬁoﬁwﬁ%w
5ig halsAeca hesEwRoif pithin the broad scope and ambit of the present invention.

Referring again to Figure 5, a systematic bias, 509, exists between the range estimate derived from the

leading edge of the pulse, 510, and the maximum response of the conventional correlation response,
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general or specific multipath content. The correlation accumulation bin
corresponding to the best 20 estimate of the leading edge of the received
pulse pattern is then used to estimate the range measurement.
Pseudorange Measurement from Legding Edge Sample Correlation
Accumulation Results Once the leading edge sub-sample correlation and
F¢cuaitbatiyndsireidid dreimitibtiteagr i s A bt At PURdmmset this bias is
Seprelatinnacesrdadionshin istdeterraised. lopthesiydiervscdcentb omiiviehty 2
Q%Ma]pggg}g 25 algorithm estimates the edge of the plateau, element 510
In Figure 5, to determine a range measurement. This plateau edge is the
Rasis oL the e Qﬁﬁ%&%@ ttﬁpﬁsbﬁmeuf %%hﬁﬁé?é@ﬁed_ : LRpiAlan:
ower response, ..In the preferred embodiment, i s
g@b AFRFURES hépsagg%femg%m e{gg Eﬁ%{]ﬁ% irtl‘bm %‘a“se”&“ %ﬁ%nsu esgr%ﬁp% ad th‘ls
et MRS OB (RESHRESEhRAEVARE b7 S18 St e Sporee
i thenpre fé e deazm bogimentteo Aven oz Cr8tiokipsearny aHe0is erigrEd
30 tracking-amsanenUsaaiiR-obtae the-twavattirednsampte Jpbintsrdrfram 2
]::%%ke]n ro%ﬁl?poéﬂ HE&%’I&@M&QAH@Q@&J %r%xtpﬁvﬁ% \igRmeRgh et O-G_Eﬁﬁlﬁip gt
arms may be'used to required sample points. In yet further embodiments,
Wﬁ‘i“r‘%ﬂj\?\‘/ tracking arm spacing such as 0.1 of a chip or non-symmetric
tracking arm spacing. is used. Far the preferred embodimel S f
2 0 G S A R e o S SR

frrineeiRonie sCh A SRRSO THENY SHERSHetf SORSRBIFSS © porson

. KREPORIB:aHve dgivenodilidtivaiidtpad fuipprrall aobitiit Sissin ke as is herein set

[
(W3]

tachniques for establishing the range from the sub-sample correlation
response function such as laboratory experiment, field qualification, and
mathematical modeling fall within the broad scope and ambit of the
present invention. Referring again to Figure 5, a systematic bias, 509,
exists between the range estimate derived from the leading edge of the
pulse, 510, and the maximum response of the conventional correlation
response, 14 511, traditionally used as the basis of the range estimate. In
the preferred embodiment, this bias is calibrated and maintained as a
constant within the receiver. Optionally, this bias can be modeled on a
continuous basis. In Figure 5, the correlation accumulation bin values of
this technique with a preferred sample-rate of 5 7.001 samples per chip
and the sub-sampled response functions are shown. The multipath in this
illustrative example is the same as that depicted in Figure 2 of 0.5 chip
delay at -6 dBm. The error in the estimate of the range is approximately 2
cm for this multipath scenario using the sub-sampled correlation
accumulation bin technique of the present invention, compared to 2-3
meters from a conventional tap spacing correlation method, therefore
giving a significant improvement over prior art 10 methods. It will of
course be realized that whilst the above has been given by way of an
illustrative example of this invention, all such and other modifications and
variations hereto, as would be apparent to persons skilled in the at, are
deemed to fall within the broad scope and ambit of this invention as is
herein set forth. 15
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15 What is claimed is: 1. A method of mitigating multipath in a radio
navigation receiver, the method consisting of: a) transmitting a rapid
pulsing pattern from a transmitting device to a position receiver 5 that
samples the transmitted signal b) Sf: arating the received samples and
storing sample based correlation acCumulation values into independent
whins dlamtedie synchronous with the received pulse pattern c) applying a
decision process to determine the accumulation bin associated with the
leading adgasdoithitigeve madpat isespdinthigribp gerierathegeihaTgeising
estimate®from the correlation accumulation bin associated with the
leading eyigessfithe sepeiyedpuises Such thantiiagdettip &th paiitraeaivge
estimate is fatigark tp tARFAEWRGH™SE claim 1 wherein the rapid pulsing
pattern po\uges:hytficiertvediettimedsetve empeises toralvipn tygmulation
multipath sigtiedsint ddssrdme s et meHEHEEoBT FIGiRT 1esret e PR R dio
navigatian sigpiahs difizisigrtheceapidipesinghpatten@oprbocessedasid the
continuous sigfiralefethefibsepirdmigeth®¢eceived samples into
independgnseelaiinnee eatimelatiohechinsiaforeavetiiganofiprovidingwiddio
navigation sigriesgrsétrthbihtiesieitipath component of the received '
signal is Honenvany mg iy apic yapasl singathis rathosaavigation signal such
that 20 ) theJegeived signal erRpe samintdeushoprecassasapdaxhere
is time betweepisisesiavallowieinigiipatiiisignals to dissipate. 5. A
method of mitigaging:muliinath i Adedicpavigationdessives.Hhe.method
consistingtiek: © graitans autingagpigse ditacic-pasigatio resigmtsafisios iso
transmittindpreteddoedocatiadioumEgigation receiver b) correlating on the
leading eglgripfieaghvritsediomaaidpilsedradio: devighiieh caignahinyf the
said radieeiwigstiohisrgoeiveing by endianieng arge eaieresoishie:
correlatia), 80received signal can be continuousty processed and
b} there is time between pulses to allow the multipath signals to dissipate.

5. A method of mitigating multipath n a radio navigation receiver, the method consisting
of:

a) transmitting a pulsed radic navigation signal from a trapsmitting device to a radio

navigation receiver

b} correlating on the leading edge of each pulse from said pulsed radio navigation
signal by said radio navigation receiver

¢) penerating a range estimate from said correlation .



