STACCATO PULSE EDGE CORRELATI ON FI ELD OF THE

| NVENTI ON  Enbodi nents of the invention generally
relate to multipath mtigation in Direct Sequence
Spread 5 Spectrum (DSSS) Code Division Miltiple
Access (CDMA) ranging systems, but applies to other
types ‘of. rangi ng signals and conmuni cations systens
as wel | . BACKGROURD PGLSEEDPNUEAGRBNLRAHI @Nhavi gat i on
signals are used to neasure range between a
transmitter antenna and receiver antenna. In many

er\if %%%M hr ansm tted radi o navigation signal
: ob ects 10 around_the ans
abcticgimente ob iy erveriivn RISy 2 20 trpaﬁhdm%aém OBkt Slquence spread

5t E ARSI BREYCRBIVisibNMulibis Acyese(@MABNuIgingniYEiems, bitipgplics to other
resul t ant recel vgd radi o. nan';th?ta'sQQI ranging signal is
alypss ARREEERATRd SPIBCORE Y YA di 0 havi gat i on rangi ng

si gnal s incl udi ected S|gnals and the desired
B A SEEROUYRAC nl*%]lif%é ?atl on of nultiple radio

N@Mh ARehiRR sk GleN@od b gﬁazksmn@aﬂedmm & eslopitiprcpniagne and roosiver
A 0o oo B ALt @ e

t f egr ades’ the accu
10 repcamt freerpppister P CToRHT FPWG ?ﬁ% énF&l %%1“%?’5 er ?Z%L %m type of
Séﬂ{v}foﬁ:&nﬂ e rEssitlit oectiay fagabeviemionsys e vigal is prompipgtionalgl
ho@iere bl strhaand\vhi] dbsirgdl doecAGAS S‘knRagﬁ:r@hon

‘E’%

i4i at| on& conmon. 1 adi &Q She (IT-N
E’E‘i%ﬁ’}%@?“’gélé”ﬁ%’h ﬂ‘]gtfg%%ectru %l}f!me II)|E‘;)!§56¥1 J£0ng
Mﬁnﬂammm@ﬂs(w ti %é%%ﬁ“aé‘u"c"ﬁr
1588 urbel¥radd oliadion Remikd | ONi Ng Syst em (GPS) the proposed .

Galileo system. and the Russian built:- GLONASS system

ah %%g%m[c%%ﬁ s D @ISR0V Agas Ret Wivigatiaha colifabrivadio
t gt silra\ﬁ/”’%}{e S ?m?%ﬁ'quagce pxregd%m éﬁ%)sdo@.nl@ivmbns Mubinte
Cfﬁeﬁs m} Radic naenumcn systems S!mh as.the Global Positioning System (GPS), the .
proposed Galileo system, and the Russian buik GLONASSE system all uss a DS8S CDMA radio

20 pavigation signst. With the DSSS CDMA signal, the n'ansmﬁmd signal is continnons, not pulsed, and
‘is spread by a digital spr=adm¢, sequence within the transmitter during the generanon of the radio
navigation signal. A receiver, knowing the digital spreading sequence, can then despread the radio
navigation signel if the same digitel spreading sequence is applied to the fncoming sieng} In time
‘ahgnnwﬂt wifh the frapsmitted radio navigation signal, That ks, the dipgital spreading sequence applisd -

25 o fhe adio navigation signel within the reseiver must be applied 5t the same Jocation i the raceived
signal s it was applied to the signal in the transmitter. In forms of-time, this means that the digital
spreading sequence is applied in the receiver At the sams time as # is applied- within the tremsmitter

5crrecte=z for the fiight thme.

The digital xepresentatmn of the radic pavigation srgnal is modutated with the digitel spreading
N 30 sequence. The radio navigafion signal is received by the receive aniemma then converted o 2 digital
siensl. A typical radio navigation receiver converts the sigoal from the radio freqeency (RF) io an
interroediate frequency (IF). The sigpal is then sampled with an Anaiog to Digital Converter (ADC) to
provide the digital represendation, or digital samples, of e radio navigafion signal. There axe
atmerons mathematical processes for applying a digital spreading sequence 1o 2 received signal shch
35 as correlation, convolution, match filtering, and Fast Fourier fransformations (FFTs). For fhe purposes

of describing the present inventiom, the term correlation is used as a generalization for all the

mathematical process of zpplying the digital spreading sequeace 1o the received radio navigation

signal,
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is spread by a digital spreading. sequence within the
transmtter during the generation of the radio

navi gati on signal- A receiver, know ng the digital
spreadi ng sequence, can then despread the radio

navi gation signal if the same di Stal spreading
sequence is applied to t he i ncom ng si gnal in tinme
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capabiiity n the receiver and fhe pverali noise floor push the correlation response fimction triangle
shape down into the noise. Nons of fhese effects change the location of the maximum comelation
response fimction power.

The efiect ofi:mltipath on the comrelation response funciion is to distort fhe sesponse function, often
involving moving the maximum of correlation Tesponse in time, and therefore creating an exror in the
resulting Tenge measurement. Multipath distortion may also increase or decrease the amplitude of the
correlatmnrespcnse fonciion, increase or decrease the time span of the correlation response function,
andior change the shape of the currelaﬁonrasponsé funciion.

Thsuptrmalﬁmsdelaymeasummntefﬁeradmnamgaﬂonmngmpmgnalzsfmpeakormmumum_ -
valne of the correlation response function. Determining the exact peak power requires exact
knowledge of the receive fime of the incoming radio navigation ranging signai to allow placement of
the correlation response function power detecior in the exact maximum fime delay ocation. " To avoid
this problem, a typical GPS receiver takes power measurements at half & chip early and balf a chip late
timing relative to the peak. The code trackmg loop balances the power bstween these two time-delay
iocations on the correlation response function, thareby providing an estimaie of the peak as half way
between the early and late balanced power messuremenit in fhe correlation response fimetion.  The

spacing of these correlation response fimction power measurements can vary from the +/- half chip

spacing described above. Some receivers use & DATTOWET spacing, for example -+/- 0.1 of a chip.
However, the basic function of baiancing the power between the early and late correlation responss
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SUMMARY OF THE INVENTION

Embodiments of the present invention provide a system and method for making range estimates in

(l)

CDMA DSSS radio navigation system receivers so that the multipath component of the range e_stimate

is mitigated prior to correlation.

Embodiments of the present invention provide a system and method for broadcasting a pulsed CDMA

DSSS radio navigation signal such that portions of the radio navigation signal are substantially free of

multipath.
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(or sections) of radi o spectrun1 ﬁu t he core of
fron h@reragomr dgmeed @ner@qm iths qudegreagﬁs @f ﬁeiirri MforP%gﬁg*FfB‘i’ ogyigation
sienls. conponent. Accurately detecting the |eading edge
' of a puts- e requires an extremely w de bandwi dth.
Typical UAB systens utffize 1 Giz of bandwi dth This ltiath
* Emfjodimgpis yof \ihe gregsainaersign (eSS IS Sseompard s hadsfog peqyidag fultpat
miti&fon Inhadited daRdWIAth kteiand ithotitithd ra@irdahe epecil aataghal 0
M-1z. For pulsed signals, the rise tine of the | ead;
g 35 edge of the pulse.is p port
In DEFGWPE A B8 imREE BehdPETIF B fids‘%J ‘?IH%a“P?r Zltipfin @ rado
navigftioh A& cijpdt) tiembtsodsiauding thd dicpwbing) tfapmignexiagid ptlising prdfeipfirom a

t n T a e ar Gating the
mﬂﬁrﬁgé d@fi of £ g&ﬁﬁi ROURL: it SERpIRDAY raRnfeABhAT B) Rfating th

receﬁ@g gqn}gieé and,g@pnggsgtwg(:ﬁ%asﬁi gqlflrrcﬁ%rc{% é'%ca il%:ronet ﬁgsrﬂltg atdr':pel%c‘e]nt%ms that
are kynSigorousTith herredcived peteypaliamae) remying i rignsiqn Haocgfrséd dejprmine the
acctnlHERGE aés&ﬂté&ew@lq}{@l@adgﬁ%ﬁéey 6fdthé fécdi\lé@ pﬁl&é&dlhdﬂ@) Relgaing 5range

of the pulse, Wth th adual .
e, P B ST HENBAPHTI T RO SpgerY BUf BRiedale RO lor the received
pulsey bigh thatsthd mgtipatht of e kanggestipaier ﬁﬁtgete‘U\/\B t echnol ogy

devel oped by Aetherwire (Spread Spectrum Local e: ars,
Tn 4 deEdFH Rehedlof @e, m\‘éﬁlogaﬂlere@s £408ded D4nethbd e mitiga@{3QRitipath in a radio

trini 7Ps rect Se LV A, pr
navigpliog éserrr@*f‘gfa?tirdrr "B EBi §)r %“é“ggls s LR Rfon sina
frorpaoeﬁsﬂnmeoﬁesmra ibdid nipygatidH revwivagh) oplmhtlde gn the Jeading edge of each
puise %gi I QAlkalr AaV%gtIOWS]%llﬂﬂ E@ﬁuﬁ‘aﬁ@m\/ighﬁoﬁ r&fnv& Q}T&H&htﬁz’ a range

asurenents fromthe flight tine of

eﬂmﬁwﬁEMMmeﬁgﬂdFmin a manner similar to that described

above for GPS. This nethod farther renoves the

constraint of detecting the | eading edge of the

pul se. However, the fundanentally |arge bandw dth

requi renents of TIWL1. make the technol ogy

I mpractical in many rangi ng applications.

Additionaliy, the pulsing pattern of ts zreferred

enbodi nent utilizes a 10 nanosecond chip length and a

code sequence of 1024 chips, which results in a total

time of reception of about 10 mi croseconds. This form



navi gati on systens. SUMVARY OF THE | NVENTI ON

Enbodi nents of the present invention provide a system
and nmethod for making range estimtes in CDVA DSSS
radi o navigati on systemreceivers so that.the
mul ti path conponent of the range estinmate is
mtigated prior to correlation. Enbodi nents of the
present invention provide & .system and met hod for

Ina Eﬂrg gs%?c@%tfl Qve 109 L{Le?@ig SN BRBSd madhid BRaNbgRinia@dfio navigation

suc ortlons of. the r vi gation
ramymgﬁahmﬂwé°§Wﬁ§?&ﬁﬁﬂ§?§9fF?€%m%FI’ %&?%Qﬁlm%)gW%mNnS%ml
corrgémg e EédSC]I)I\f/LA g RRski tsighat wéth firitepmally peperizde p@u@y@ﬂ(@mﬁode

and nethod for bro dcast b is@R
sequgﬁlcg ﬁ%\ |0rd§ru18 fPr(EdH%ﬁ CofTRA atlon aiesé gam‘fil g%%laﬁ%drglﬁggg%s%e%@g%ﬁ sidet of

corrélsiop valo@s sidehsana of o\ﬂﬂtCh rhaiot gssedigpdarith thedsadinenedgessol t}ﬁe pulsed
el SR B FSRba §1£1Xleo@ﬁlk%d&5@ébl’r€i@aoﬂvﬂlye§t em and met hod for
separatl g digital sanples of a received radio
navi gation signal, such that the sanples that are
In SRSt apkd af kny 1ﬁ\(éﬁt[okipﬁled inviptohiderud tiehad Mitigating pruignathsia gy radio
separ at.el fr n1those t haigation
wodfE B Ay S et
signplt WﬂeﬁmgahWEWMﬂdaﬁlW{”ﬁ@@n sigal Wl‘b@@ yrgﬁnemteéllqs Y andom

cod® &%hc%%n QierBo ;5@:91!:&0%15{&09 ﬁﬁlhé@nm& llg@l&admglrﬁgaesﬁﬁﬁfbs(ﬁom a subset of
conﬁlatmnggil%sggthg gré(i%rxléq\:/decro g ATy l%/set oﬁ correiatlch va@gsq)eﬁlggﬁsgclated
with EMﬁ@tddg@ o the \phileka! @M&mw@dmﬂmgim&mfhdhatélg:tfpmteptmﬁﬁes are
i ndj-vi dual, co fSQRarate processing
genggple %ﬁ%%ﬂﬂ@¥“Vgﬁégmﬁ%?ﬁ%%8§%¢ﬁﬁ‘o navi gation receiver
when the digital sanples are processed synchronously

BR%%%ﬁﬁéRﬁ@ﬁﬁJ&?ﬁﬂﬁgkgﬁﬂNggdlp naV|gat|on signal .
Fig érf@glﬁtlﬁgq?fgég Flg?co%ql%\gg Eﬁ%??gsg%ﬁs: g \i.{rg: nho coo? r&ge\ér tgﬁrﬁﬁafms%siﬁe%f@)SSS
CDMiANAi& Haviaawigdil processei ttewgh an Eq@o@nﬁebm@w@m rgcpjger and the same

nt -0 Q?dst)ﬁ%ﬁ Diaach BRdWAAE rebdver.
“hﬁtﬁ%§§%¥ﬁf #3%8 Q@@% ?&m rom 2%orrelatlons derived
only fromthe | eadi ng edges of pul sed CDVA DSSS radi o

Fi Ba%ggé‘ph&@n%ﬁt&%aa&mn Eémﬁgas pRfustiof ofbb‘tie dpinyetsaing for an ideal DSSS
I nventi on ovi

as n1an r
COMR B AP SR GO P g Bt e R by AMIE o code
chqy\hrtdm belovahd digetistzeatErte cofelatipecinahse Ametion fgdhis mpltigath corrupted
rst aspect .of t there is provided a
S%ﬁ%?ﬂggﬁ Eﬁmm¥?%%%$ﬁ8&ﬁﬁﬁﬁ?%§?ﬁ'.n a radlg navi gati on
recei ver, the nmethod including the steps of: a)
transmtting a rapid pulsing pattern froma
transmtting device to a position receiver that
sanples the transmtted signal; b) separating the
recei ved sanpl es and storing sanple based correl ation
accunul ati on val ues into independent bins that are
synchronous with the received pul se pattern; c)
appl ying a decision process to determ ne the
accunul ation bin associated with the | eadi ng edges of
the received pul ses; and d) generating a range
estimate fromthe correlation accunul ati on bin
associated with the | eadi ng edges of the received
pul ses; such that the nultipath of the range estimte
is mtigated. In a second aspect of the invention,
there is provided a nethod of mtigating nultipath in
a radi o navigation receiver, the nmethod including the
steps of: a) transmtting a pul sed radi o navigation
signal froma transmtting device to a radio
navi gati on receiver b) correlating on the | eading
edge of each pulse fromsaid pul sed radi o navi gation
signal by said radi o navigation receiver c)
generating a range estimate fromsaid correl ation.
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6a In a third aspect of the invention, there is

provided a nmethod mtigating nultipath in a radio

navi gati on receiver, the nethod conprising the steps
~ of receiving a pul sed CDVA radi o navigation signal;

correlating the pul sed CDWA radi o navi gati on signal
with internally generated pseudorandom code seguence

Figj3ndepipteith rejationsiroritieen Sofimiag oft qigin] squpice ken i gapiiy meyipaep
m&ﬁﬂ&&e ﬁ%&m R4 En, WhOHh Be ﬁﬂﬁﬁgm&l m@ﬁmcah Wi‘iﬂ’the\/;ﬁisidgﬁxs of

me_ of
Ir%‘g‘@gﬁg 4 Rpde Baviation s(A’ég]%!]'ﬁk“)sed radl 0 Navi gat?1§s
mylagqnaroewng{m amhsawc@@%ebﬁ% \Pips (pesd fo fepara the digital

sanfp@Yib BinABDSE dyndifonbill ith iy @iin pater b eiscaiepigedor ovi ded a
net hod mtlgatl ng nultipath in a radio navigation

Fig 4e icé.( &b rela}:'i the gﬁﬂé bSkifdel dhrfifes $c@PRi@ & radio navigation

|V|ng pu sed radi o, navj gation._signa
recgiF p ea%fﬁswgm‘(eﬁ%fmpml mg\hﬂuﬂ :Eiﬁ“ﬁl R AR RS %‘hg‘heaﬂmsmb
Tata\bftthe récsived iptised Iryficgeavigrtat sghalp daerdivedmbiairadiothyizafion signalcrlse
paqux, ﬁﬁgﬁﬂn prédesBth d %ﬁve?ﬂﬂsﬁ Brhed trla@ el 21t @Ry ofdREbintion scoumulation
generatin %égg %ﬁ nﬁﬁ% fron1 sub ot of . attern are also
bing g5 e A B s RO S B
depigddues, the subset of correlatlon values belng
associ ated with | eadi ng edges of the pul sed CDVA
e et St ot L g, f‘“*“ﬂ“ﬂ AT on val es that
2! el ati on val ues a
barpigh i 5"2?’3%@’&2 ﬁ‘ﬁa%?g’eet BB EF DESCRI PTI ON OF
THE DRAW NGS Fig 1. depicts prlor art autocorrel ation
SY%@@@ﬁ@E%Nﬁﬁjﬁpgunctlon of code delay tining for an
o B MR RendMh §0dnbr Rapfil BRI of DS EBRAKignals to

ﬂroug an |1 dea ite ban.dvm t h re el ver an
gqjﬁﬁ? $%% SN 1 bl

ulﬂassosrmssﬂnﬂ Ms@uw:iadlb mmmmwww %@@%‘fm trgity f short

pu?ses S Rlnrluchs %s@mﬁhtsgaﬂty%aﬂ Fbidd fbrQyied REFED BEORn Pfcedwhere
function of code

el a |n1n for. a
the iRt FRR |”§°ndl§simaﬁgl corrupt e ven&”w%egge%& ﬁ?éw%i&s
suppiibdttd fpa@hei@mgmesww@amw agpriate Hfty theyessling edge Bf epehapey are
prébesd HBleRithely HRpClinke Glmrids gﬁabcmﬁﬁ& i @dck @hist fefidtl, and which are

esponse function fro this [
?’%ﬁ‘g ‘?@g’?t“ﬁréﬂ&ﬁﬁg mte %&%ﬂ 339%1&%8%%‘%3
suﬁnguﬁasamniemrm@at e sye| 2vaBees Hf PSHY CRMEn sk thy m-m in
coftn@dulifhroR@EseSChRitekt hi n a radi o navigation
receiver of the present invention, wherein the

P“ n@llng interval is synchronous Mﬁth the puIS|ng

the received pul sed raa naV| atkﬁn SI d
hr@mm&mar BRHTES STHERF B 4P Ghet HE el

depegibd t@arphsenﬂ@«eﬁiﬁahalimdfnxstpnmé@slpmgpg sdmie a eipb te@f 10N-chifs/sec is

&%&ﬁj cypul &Nis QaRSdRadad (Bprbliarely 30
|t'e“‘|a$ éq%gmélﬁ%% b| ns .t hat 160 synchr E}gu yh
metﬂg fﬂhw@mgzg;g{*ftn&%e?f’“%fl‘éﬂaffg’ g@ﬁ%i‘ﬁ”&ﬁ”&“’g %‘pmg’%’%
sigolie gdnerbrad @i trqaﬂei&ehmdn otshehirt jruist pRgsidsf 8P gtra? the correlation
%gml, avieStel Qﬁvcr @Ep%ﬂéﬁ eribd aliows
pr% %Es%%?gﬁ entl r} fh?haﬁs Sﬁqﬂéﬂ? | ntﬁ%\éalocm
m@m@»w%ﬂ%ﬂ@ﬂ% o S 1 o PR of
mﬂ@@p&ﬁﬂdmﬁmﬁsammhmﬂﬁﬁF%Wﬁg@@ﬁ%ﬁtg;@ﬁalA&#ﬁ%%%%@&“m“m

R A CTe My =Te e Iﬂ@}ﬂg GaeinOB 1SR ahy Rbthibn Bibctsala might be generated

35

correlatio r SN e| 0.
signite S2p e P St B pefy Bl ok bAFl ol i
sufitcizk qn@ tge petwerh @ulsmo dioy e ahortgra#?@%%@ﬁlﬁ@apoa@ﬁéo fisgiggte prior

to%gmﬁhé RENEROAYS pikd. DikNRispY kil RFpRAdcheies sith @s Bbss GatSre not

FIig 5. depicts sub sanpl ed antocorrel ati on response

funct| ons of the present invention using a bandw dth
limted DSSS CDMA pul sed radi o navigation signal
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SYSTEM AND METHOD 15 The present invention discloses
the transm ssion of short, rapid pul ses of DSSS CDVA
signals to provide time between pulses for nultipath
signals to -dissipate prior tote beginning of
subsequent pul ses. Short, gapid pulses allow a radio
navi gation -receiver to receive and interpret the _
synchrepized With thetrhip patp % 8lsods empleyerant Bl Fiin heBoadcmpend ambit of

thephegiadventiet Still provide for quiet periods between
pul ses where the multipath conponents can dissi pate.

n further separates received
%p%:ﬂggémsﬂu{%ﬁ%% t o the correloatr on process such
n‘ﬂﬁ?ﬁ““ E‘Wé‘?mé?% Bsecsivediain fapygies qmd coprglafipn AFetipgen Biees @faip2
radiblaEg@tiar receiverds emseehicoy ety tienheng ¢yhe freceavaditnies @ighd MPhe Siata
sl bRl BB W&%@ﬁ ReklSARg LChH edagu&ng

therefore nor e susce I th corruption.
e FERE 058 LS aHEE S 8 06 S et S T
ﬁm'écelsdmghses Tior leading iefyy uf hercgiuwd pasd valps atge\stecbﬁy ﬂmﬁs than ﬂz.

rerfebliR oStho O3 vel é“orﬁé ﬁ:e%%?a%%gnhl%c&&ﬂé the reception of

broag,ﬁast % FFFBﬁFﬁXBEtegg%&Pﬁ gul gr ng ?chemg e:ssnmtngteed

W@hhm&mn&nshnmmm(c@jmgiwmwwﬂsscm}sed to describe the
present invention. For illustration of this pulsing

msCosd&emn pﬁceﬁmsfﬂhé ften t;ﬂfvetﬂi% M@Jmat [=3S4n8 @Grel SonCIARS ?&mer Tesponse
nse ul se u 1.0N oxi mat e

vm%no %’é%% X‘Zmﬂ’pp‘rm X1 TRt e y rnet%arc‘té,fo%pﬂl1i1 Bﬁé{m‘%m
bipige) & 1peAiBs Bea delefisrsEn Y8 e JercivELpisRg PEE- t% B qqmrast to e
coffeitiGial dofrdiRion fxb@sy bkt bdepantalis 230 wmab@memmt;edsﬁdeem In

na'%%/u: ggtlm'?r(r:agl on?aﬁgg rfme& agcﬂﬁe Sllgéegt M%ﬁ rgeeelved[ 12810 n?Vﬁ:ahon

e corr ation process rejects

sigaql i seveaiel WregEran; ¢ gzl sappistang e digbsappisy e m@ﬂ%wema@t&l
spﬁdhx@&eaﬁhﬁi_l asl fua [cheaRiofilifofrbifion foceksl e refulting tbGulmBOsTthe digital

corrmqoa’fr o#emg%gcess WH;| rej gg%g%ﬁgﬁglhp&%ﬁﬁ%?%% S

DPreffse PP"’ﬂm’éPéPnaEFILI O @pociFish ﬂ&dvﬁe%%ﬂ?fe ocoFy SsquERiiplly A jeqel digital

a@’ﬁ)@dﬂmtoﬂb&mﬁsl Macoﬁm@mafem@tﬂrﬁmﬁss ITB:gccﬁ:ﬁhﬁE!Bnehm :

imgrprp%rl, thi? R SRk sgreading
generate 5 roqu{we roced, one c I'p on, tvvo c ml

seqypres greyafl agopmulster] it 3 Swele) GTSFND AROFTH "’§‘? ‘iﬁ?&tb%neﬁ“‘i‘?P%%ﬂ o the
Telfle thind of 6 udebivect dipits! soppiet. eWith iepited weenssion bisiegrebet invention,
cal clpfiVs AR h%m%&'aﬂﬁﬁﬂipﬁh BRA] cot QIPARERE Ssefeiing the digital
di at |t§)at“ e prior to beginni gg he suosqu‘ent _pul se.
TGy PR e fY TV (o RE&@ provides
a thefhad foangyzing theseBiifferent contents.

Referring now 1o Figare 3 thers is depicted an iliustrative example of the comelation process of the
preserit invention, wherein two pulses 300 and 313 are depicted as 2 function of ftime. The pulses, 300
and 313 are the transmitied pulse on/off timings and mot the chip paitern generated by the digital
spreading sequence. This depiction llustrates the one (1) chip on and two {2) chip off pattern of the
preferred embodiment. Furtber, the receiver of the preferred embodiment is configured to provide &
sample tate of 70 M-samples/sec, for processing 2 received radio navigation signal with 2 DSSS
CDMA cods chipping rate of 10.023 M-chips/sec and a puise rate of 10 M-pulses/sec. Therefors, for
gach 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 recsived time sequence relative fo the pulsing pattern and are
mmbered 301, 302, 303, 304, 305, 306 and 307 for puise 300, All samples tzken from fhe received
signal are ilnsirated as dots along the filusirated signal jine and indexed on Figure 3 as “Date Sampies
from ADC”. In the example ilinstrated in Figore 3, samples 301, 308 and 314 correspond o fhe
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synchroni zed with the chip pattern, can al so be
enpl oyed and fall within the broad scope and. anbit of
the present invention. Leadi ng Edge and Sanpl e
Processi ng The present invention separates the
recei ved data sanples andgocorrel ati on accunul ati on
values within a radi o navi gation receiver in
beginning pfr At mlﬂ/a“%ﬁﬂ% 198 319 SPFPRGORE £ theeoophtemply ik TYlST saEgples
3035 B@raad 319\Bedaspalel teathathinaasle efuchbuie mideb af throwgh e Gheatd loddainpias.
3‘6?§ d&@ﬁ@fa&&mﬁi&%&’ S QB Bidrier Wi Lol ded 13 ke %%J%ﬁ‘dme
N ive

Ny i

pmﬁenalnder of the recelved signal The | eadi ng edge of
the received pulse is I ess corrupted by multipafa

Sab i 7tNGe HRER @ﬁé gk a&rﬁ&mrs%ﬁﬁé meséﬁ%ﬁe Jﬂmﬁorb%mﬁéérlﬁo

co g PG BPATGR A6 FT-EAe ah S st PRES, i smole 317

acce@ﬂmﬂeﬁﬂémlv bepTEIEigR PObRSS chlamawg b@éé’esa@ahpxﬂeﬂsmwms into
SulR @i Soraibd PRk Sholyiiafbl ﬁnl mhﬁn doRtigiing th6neb G Rkg@Sce where the

Ccurrin Iater durln % q se cyghe. e
: I ) orrelath
ﬁﬁ@&“@% T &t 6n process: og Faeh |nv%%¥pbn On process

©

accameeion bin B%s the prgh mké%ﬂﬂédfqﬂmsatsmh 3B weEniaiss pryrPyEsampie 6

mﬂ%&dﬁﬁrﬂeﬁ a&:ﬂﬂiﬂdﬁhmgﬁﬁg&dw{e&lﬂmts&ﬂh I9€ @&Bence, sample 304
acC mul atl.on aC corre,alo . >
T%tléﬁ@ |ncﬁgs arspecitic ¥|2F§éﬁf2?a |ﬁﬁ§%§?ﬂm
sewnpﬂrﬁmh@nmémfhémﬂsygm@m goplp a%&t & op firstod fhg ngrtsefuqoee of seven

sa:@&@tmﬁsﬁ:e EaQ.e BmibOreBfNBVELRE D3 ghiicBiQb Ia&blaBl'?Qﬁd {86:66:€ SGumulates

tes nd [
i {7 S ol S B R R 2 AT M Bl GBSy
io fhp @é@@gﬁc@rﬁa saminle 3 bt @staih exarply srple AlS 2k & S emchvpder Huertion)
acdliibre) ol SGRantple] Ratelakich @By Schridktibrbies2st r eam of digit al
sanpl es and the digital sanples are nodulated with a
&éﬂ .tal spreading sequence. In the conventiona
correlatlon process, the resulting nodul ation of the
digital sanples and digital spreading sequence are
8 unfiermpls § eeritition arneesy dye P en YD 328 areiiaiss allpamples with the same

COr r fhifd fel@ive R0hePOCHESET ACRHIRIS20 (ih G eleinidle sabliples 327 and 321 are
”Ddub%ﬁﬂ q&gﬁ ccumul ation occurs sequentially as
each digita ple is collected or occurs after the
collection of the digital sanples. The comon el enent
Pn  Solsampde it corirtibe resess edorrnisbion biv Hé aesaringigies plbsappieptwith the same
I €S Uirhibs QbtivaROhH rlsd RGersl bObabd 308 A BhsQSamipletshinlit Gdstzad 515 are
spre dlngdﬁ ences are all accunulated into a single
corr “%%8%ess accurul ati on bin, independent of
the relative timng of the received digital sanpl es.

W t Bubsdngle(sebrsbtontprans aogsiagon Wf 326 heupiags dhimples with the same
' nve\@&n!mp v B tﬁ@;ﬁﬁ 5@4&3111 a5 ﬁﬂﬂaeﬁan@ljs&ﬁﬁe@ B0 and 316 are
di rect and nnt hi pat i gnal content Ther ef or e,

sepaf*gtt UmFﬁgmﬁﬂgltal sanples in the correl ation

processi ng according to the relative position of the
pul sﬁhazgnpmatcﬁmaﬂunnr@mk shesmdatinetiin 2l adcomuisees all sp@blesgrith e sane

differe J];fu% AR5tk 6F LabnBig 3611064}( ﬂh&x@x&%ﬁm@s 11 RSh&Sm for
IS dep| an [ 8irative exanpl e
cor r BPHE 9B process of the present |nvent|on, wher ei n

t wo pulses 300 and 313 are depicted as a function of
anf jorpe. The pul ses, 300 30 and 313 are the transnitted
pul se on/off timngs and not the chip pattern

rng &ﬁﬁhﬂéﬂ%c@?’cff&ﬂa @rngehfghaeﬁlon aﬁy a:a:d:img AR ARoumElioh values in
epi cti.on us t. :
the Qam%?dfcorre ern @%ﬂ%ﬁﬁe err fxﬁ 03& 9&6@3?{81& Mel()galmn
GfFf‘}ﬁrPFh-‘eF kﬂct“ﬁe';“?he?é & P ooyt e"?IH@e M‘%?W%@ e BI9BFEH SyERies Fiy the

configured to provide a sanple rate of 70

M sanpl es/ sec, for processing a received radio

navi gati on Snot with a DSSS CDMA code chipping rate

of 10.023 Mchi ps/sec and a pulse rate of 10
M puLses/sec. Therefore, for
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35 each of the conplete one (1) chip on pul ses 300,

313 shown in Figure 3 the receiver generates seven

(7) data sanples. These are shown in received tine

. sequence relative To the pulsing pattern and are

nunbered 301, 302, 303, 394, 305, 306 and 307 for

pul se 300. Al sanples ta en fromthe received signa
lee@g@dgelolfmmamlsaén eifyrteer ephedpenttite chrielafiontprogistdey SroEngde 2

As%ﬁ e 8 01 Agned ﬁ&nmﬁbmaﬁc@ﬁulaﬂaah@e DANP&E sdnip®Miming 302
d“fg\éf 5

(g t he. exa ) m|lIt‘Jmusatalrat de El ureleés,forsﬂp ed
“orrespon t e egrnni ng
mpb@mbms WMM@%&S@W ecslp@haontb@smeasmpie

B, IS@steRd pilthe s&axﬁé,ﬂad:si&ﬂeﬁnmp

LSRN e e B e e i
e sanple corresponds

pre&zsedt sn@n (Toes, tgearﬁvw@ c@#ﬁ% Hemgiyrig eww@fte A fcgaprs pf bing Py contimuing
m&aﬁ&hﬁﬁm@%ﬁheydnh e Ssbve t(B Chiisi d¥Rildd i D €he @Rdrad ibagment. In an

&bl adfnfnind b? bind Jco%rév% 9[3

correspon %@%mr urte t| me bet ween ses Sarr;rﬂcﬂla
corgiptior) rsspfnrﬁemws? WF%F T PHLRS Pam IFatets O mRodTRRG
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and so on. The correlation process of the present
i nvention may accunul ate and store the accunul ati on
val ues in the subsanpled correl ation accunul ati on
bins using a variety of nethods. For exanple, if the
| ocation 35 of the pulse jjs known, such as in the
above exanple, there is no need to process_samples
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the sanple-rate is not synchronous with the
pul se-rate and the sanples 30 are not therefore
synchronous to the pul sing pattern. However, the
correl ation accunul ati on val ues remai n synchronous to
the pul sing pattern. This synchronization is
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11 is denoted as 409. Although the absolute |ocation
of this -receiver pulse tinme mark, 409, is not known
-relative to the first pulse location, 401, the
relative timng of the two events, 409 and 401, is a
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as sinal-to-noise ratio, In-Phase and Quadrat= (I&Q
tracking loop carrier tracking_|loop accunul ation

val ues, pseudorandom code tracking | oop nmeasurenents,
and simlar data available within the receiver may be

used and fall within the pyoad scope and anmbit of the
present invention. Referring to Figure 5 there is
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within a quarter of a chip the full seven (7).
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10 band-limted signals, thus neriting a tanp-up of
the pulse. This results in the signal increasing in
power as the pulse is ireiallyaansmtthd. Qther |ogic
processes and decision criterion are possible to
establish thefl first sub-jganple on the pul se edge,

such as setting specific signal to n0|s§6%SNR ratlo "

51 Hrediiorellychsed apthe besis ST the reagsroptmeste A
cafiftledQuBHirBdndd £ a CASig) wilki fe repiver eGpsibmaly, memmmdona

code %racklng | oop neasurenents, or 15 processing
F>data available w thin the recei ver. These
deC|S|on crlterlons .can al so Cha e mh n cal i hr at ed
S Gory g = P Sap
7.001 BRGEs tobrekip mm@mmmmm showni e mulipath in this
m:.é&éwf QLA & B0 Sime E«,utagt B&;ﬁmwﬁgu&rm%&ma&hﬁ@wmm ng:eext’&m
[
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cdpietiv: fabapmeativa. bio revmique cofi the Sirggers fnsentigne e ges el mgfers from 2
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m?Uméstlnate of the | eading edge of the received pul se
pattern is then used to estimate the ra
Ervaihef spesrbtreaiza st PR pEO R BRSO SHENY ﬁﬁ?ﬂfﬁﬁﬂ’ﬁ&mﬁﬁm
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fghsed on that correl ation accunmulation bin is
deternmined. In the preferred enbodi nent, a data
fitting 25 algorithmestimates the edge of the
platerm elenment 510 in Figure 5, to determ ne a nane
nmeasurenent This plateau edge is the basis of the
range measurenent derived fromthe sub-sanple
correl ati on power response, 505. In the preferred
enbodi nent, the data fitting algorithmuses a sanple
point on the rising edge of the sub-sanpled

correl ation response and the nmaxifum val ue of the-
correlation response. In the prefiaied enbodi nent,
conventional 0.5 chip early and 0.5 chip late 30
tracking arns are used to obtain the two required
sanple points. In a farther enboriinpnt, a

conbi nation of the early, late, and pronpt tracking
arms may be used to required sanple points. In yet
further enbodi nents, narrow tracking arm spaci ng such
as 0.1 of a chip or non-symmetric tar-ling arm
spacing is used. For the preferred enbodi nent, the

sl ope of the |l eash g edge of the sub-sanpled
correlation response is calibrated froma Mnte-Carlo
simul ati on of many sub-sanpl ed correlation 35
response curves given a wide variety of signa
conditions. O her techniques for establishing the
range front the sub-sanple correlation response
function such as | aboratory experinent, field
qualification, and mathemati cal nodeling fall within
the broad scope and anbit of the present invention.
14 511, traditionally used as the basis of the range
estimate. In the preferred enbodiment, ibis bias is
calibrated and mai ntai ned as a constant within the
receiver. Optionally, this bias can be nodeled on a
continuous basis. In Figure 5, the correlation
accurrul ati on bin values of this teehnique wll a
preferred sanple-rate of 5 7.001 sanples per chip and
t he sub-sanpl ed response functions are shown. The
multipath in this Illustrative exanple is the sane 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 cmfor this nmultipath scenari o using



10 nethods. It will of course be realized that whil st
t he above has been given by way of an illustrative
exanpl e of this invention, all such and ot her
modi fi cations and variations. hereto, as woul d be
apparent to persons skilled in the art, are deened to
fall within the broad scopgszand anbi t ofthls
invention as is herein set forth. 15 - 15 - d ai ns:
Claims: A method of mitigating nultipath in a radio

navi g[atl on receiver, the nethod includi n%q the s o
1. of\:-method of mit[g§it|rtg(raHI§Hqtpt|q ﬁéadéo p%\ﬂgqjlo&g tﬁgmeéls)qg including

the stépfsdfl @ transm tting device to a p05| tion recel ver

that s | es. the transmtt

s8bar 2 PR G A BbE R BT A e By g deifoa Positor
rece|v!aameb|sampleselhattramamatedlﬂlgﬂaat| on values into

e p eg%%%t'r@ the n%c%%d QEﬁp@é %ﬁg ¢ Q{P@lgisaiﬁpg‘oésl%@ correlation

recelve
accurruéaﬂoguvewepmi@ é@lﬁpemaméb@s thatere W@car@agvmwﬁh therfepsived pulse
patter@SSoci ated with the I eadi ng edges of the received

pul ses; and enerati n% a range esti nmat

f Fom t AEPlERY ﬁ@healﬁoarpr SR feleTaire BieAosiewialion B aspsiated
with tﬁméadh@@fdddi@ (ﬁ@&?ﬁec@ﬁ/e(ﬁ beiseceadved pul ses; such g hat2
e mi of the.ra e IS mtigated.. 2. .
ik nodeBr SHir fanee el Bt o e A 60 S Halp foédorates
* with therleadioke sdgasfdf it eceived paltes; i ne
-such that the multipath of the range estimate is mitigated.

2. A method of claim 1 wherein the rapid pulsing pattern provides sufficient guiet time

between pulses to allow multipath signals to dissipate.

3. A method of claim 1 wherein the radio navigation signal utilizing the rapid pulsing
pattern is processed as a continuous signal without separating the received samples into

independen’t correlation accumulation bins.

4. A method of claim 1 wherein the position receiver that samples the transmitted
signal at a sample rate, slides the sample rate relative to the received pulse pattern o

reduce aliasing effects.

5. Asmethod of claim 1 wherein the position 'receiver.samples the transmitted signal at
a sample rate, and wherein the method further includes timing for issuing a pulse time mark,
the pulse time mark providing a reference between the rapid pulsing patiern and the sample
rate, such that the correlation values remain synchronous with the rapid pulsing pattern.

6. A method of mitigating multipath in a radio navigation receiver, the method including
| the steps of: '
a) fransmitting a pulsed radio navigation signal from a transmitting 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
C) generating a range estimate from said correlation.



bet ween pulses to allow nultipath signals to

di ssipate. 3. A nethod of claim1l wherein the radio
navi gation signal utilizing the rapid pursing pattern
IS processed as a continuous signal wthout
separating the received sanples into i ndependent
correlation accunul ati on hijg.. 4. A method of claiml
wherein the position receiver that sanples the

7. 1 panstibd bedaimi @adkreat tha ;ﬁml rRavigatiéh szghas@;e@ndéaesufﬂc.ent quiet

tme (ERftReEP i Fa iy o Bal Setns S el e 1

wherein the position receiver sanples the transmtted

8. SLFQ etf%dc‘j’f \ﬁhe(rgfne(h O}I)\gﬁ a%ﬂ ré& erl]%gxlxll %s the transmitted
f sl &t 7 fbio Halibatloh rooRiyLEopiPlRs

el
Srgnalrﬁéﬁl@ampﬂmrmlaﬁd Stuii&ﬁethﬁﬁﬁmpm r@tﬁ r@ﬂaﬂge éo tnl'lefr@qemdaoulsed radio

navight®h\¥ial ihedli@Phidsihyletlg pPattern and the sanple
rate,” such that the“correlati on val ues renain

synchronous with the rapid pulsing pattern. 6. A
9. math&fo®bf it @a,hénagq el rhdiip dalightibrereb &tk ahidsdpé traAsmitted

th I st : . :
pulsed SEG HRItbr RGP AL [ AT AR mepg funer nshces
tlmmga‘ort iIBEUNISgTR Ppliisa grmhanardxetrteqowsertanb markaprogding @refeeereicketween the

_ pulsecppadgnoﬁé\ﬁdsa%éh g%gglnar{dqﬁe sgﬁlgle%tee gg&‘l tﬂét tﬁ@%ﬁrr@lgi %eremaﬂm

0o navi i on Si
synchm@ugmth&e TegigpUaing Patem c) generati ng a range
estimate fromsaid correlation. - 15a - 7. A nethod

of claim6 wherein the pul sed navigation signal

10. pf"d%tﬂ%‘%mét@??mg:mé'ﬂ'f’aﬁ‘df‘@tratj'PrP@"!Séi'%@ﬁe’ki‘Eﬂ Hegngthod

comprﬁidgawvemdptalqﬁat h signals to substantially dissipate.
rein the radi o navigation

Creolt g Rl CovpyBuE RO T sEnel s ATk A vanal
r careglatangdhs pulded COMA wimphaangaibe sigekbwith/ieteraally lyenerated

pseudf)ll%ﬁﬁb%%dg %Fi%c@%i Bﬂiep & n%r%ﬁﬂ%é)&%r%l%%ﬁlva %185 Tgguce

lasing e wherei n the
r geNesatngVREge pYimates Bomear subsapefesrreigtion valvesiat least some of

which being associated with the leading edges of the pulsed CDMA radio navigation signal
of the produced correlation values.

11 The method of claim 10 further comprising the step of determining fee a particular
subset of correlation values associated with the leading edges of the pulsed CDMA radio

navigation signal.

12, The method of claim 10, wherein the step of generating range estimates comprises

the steps of: )

obtaining sample points on a correlation response function of the subset of
correlation values, the correlation response function including an increasing ramp followed
by a plafeau region followed by a-decreasing ramp; and

determining the edge of the plateau region using the sample points.

13. A method of claim 10 wherein the pulsed CDMA radio navigation signal provides
sufficient quiet time between pulses to allow multipath signals to dissipate.



pul sed radi o navigation signal at a sanple rate, and
wherein the nethod further includes timng for
issuing a pulse tinme mark, the pulse time mark
providing a reference between the pul sed radio
navi gation signal and the sanple rate, such that the
correlation remain synchropgys with the rapid pulsing
pattern. 10. A nethod mtigating nmultipath in a
14. ﬂdhéthﬁ@)ﬁlf@@f!ﬁ@ﬂ]uﬁ@ﬁm iM %rradlb havigBi MO c&i0EM tHeSh&@od Bémprising
ste s of recelving a pul sed CDVA radi o navi gation
the step correlating the pul sed CDMVA radio
naaUegratgi DpulssdybRMANatiio ravigatiorasigyalgener at ed
C {
g o e?‘(‘rﬁqgg Bbl%?éj gDifFlg }'Egino r?aJld%tlgﬁ ggbgtv? tnhgh%%lﬁlg generated
egsqeudmamiomramﬁ Sequersetin glfdectsmreﬂma @reladiboagluesitand
@%ratgg@ﬂ%é gqaaaﬁ@s sm%ﬁ&%'caﬁragwn {dludde thﬂ]‘?ﬁl‘ydﬂged

radi o navi atlon Sl
correlgiiRd V358 UBE SUBSSH PEFRITTIBIT A g8 Heng ERSOciREd HiHisRsieg edges of

the pdfde@l CONA rhdib hB\ﬂQatﬁﬁf@P@dafﬁ Iugh EH&@tr@trﬁﬁg@és‘@%t@é Bicidh@rated from
rticul ar suuiet of. correl ati on val ues

Corre]%tg‘ @l“%gé'&at\ﬁﬁ aptEUiehiafg-etges of the pul sed COMVA

. radi o navi gation signal. 12. The method of claim 10,
15, WL ool 8R4 P B BRURD NG RS L T e puised COMA

radio wigﬂtlgn signal seolas! suchdhrtserplpsssseaiaied gh th leadlieg edges of

each égm%dlgfnaglgélr § @b '&ulé@laﬁ’@ﬁnocé%d GRIp8hadHtYN

, response function”including an-increasing ranp
followed by a plateau region foll owed by a decreasing
ranp; and determ ning the edge of the plateau region
using the sanple points. 13. A nmethod of claim10
wherein the pul sed COVA radi o navi gation signa
-provides sufficient quiet time between pulses to
allow multipath signals to dissipate. - 15b - 14. A
method mitigating nultipath in a radi o navigation
recei ver, the nmethod conprising the steps of:
recei ving a pul sed CDVA radi o navi gation signal;



correlating the pul sed COVA radi o navigation signa

wth internally generated - pseudorandom code

sequence in order to produce correlation val ues; and

generating range estimates from a subset of

correl ation val ues of the produced correl ation

val ues, the subset of correlation values being

associated with | eadi ng edges of the pul sed CDVA

radi o navi-gation signal, such that the range

estimates are generated fromcorrel ation val ues that

are |east nultipath-affectged. 15. The nethod of

claim 14 further conprising the step of separating

t he pul sed CDVA radi o navi gation signal sanples such

t hat sanpl es associated with the | eadi ng edges of

each CDMA r&ag) i it ' ~ re processed

[ ndependent?‘f/k.kesﬂge’liﬂ%g%E %%E%%égéu%h%&%ELATl ON

Abstract The present invention discloses a system and

met hod for mtigating nultipath in DSSS CDVA radi o

navi gation signals by a) transmtting a rapid pul sing

pattern froma transmt 'rﬁ%acgevi ce to a position

recei ver that sanples the transmtted signal, b)

separating the recei ved sanples and storing

sanpl e-based correl ati on accunul ati on val ue int?. .
The preskapondntion piisploseRa SYFIBMs AT HF%}H%EOFMWE% multipath in

. received pulsing pattern, c) applying a |ogica

DSSYIEBM mdicpmaigaiion signelie Oy intaESTRENC-A BRI PEING Rt from 2

associated with the | eadi ng edges of the received
transiitirgedeviendo &) ppeitien attaigr athetsgwplestthedansmittan sigeal, b)

correlation accunul ati on bin associated with the ‘
sepalafislitROr-2dpes safmpldicandeseinesampiedeased coirgation Bcumnuiation

values into independent bins that are synchronous with the received puising pattern,
c) applying a Iégical decision process fo determine thé accumulation bin associated
with the leading edges of tije received puises, and d) generating a range estimate
fl;om the correlation accUmuiatibn bin associated with the ieading edges ‘of the

received pulses.

Figure 3



