
INTRODUCTION

The Global Posil,ionirrg Sysl,errr (CPS) is er¡tcr-

in6 l,he flnal etage of deployrrrcrrt,. Durirrg 1993 tlrc

launch of ¡ll 24 aal,cllites is expecl,ed to be cornpleüe<|.

Aü ùhat time, GPS will proviclc a world-wirlc 24 hour
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¡rcr dly rrnvigation ancl aurveying capnbility av¡riloble

under all wc¿rtl¡cr conditions, Altlrough the GPS sys-

te¡¡r is operated by the U,S, Dcpart¡nenl, of Delense

to provide su¡rport for military navigol,ion, there ie a

trc¡¡rcrrdous utility of GPS for prnctical civilinn and

scientific ap¡rlications. 'l'he wiclc Bpcctrurrr of applica.
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The fully developed cðrrier phase observ¿üion equation is presented.
The assurnptions and conditions ¿re giverr, which lead to the sim-
plifìecl fornr ofte¡r found in the literature. 'l'he rnost popular lirrear
cornl¡inatiorrs of the carrier and codc obscrvations a.re discussecl. 'lhe
wide laning technic¡ue is presented in detail, including its use in rapid
static GPS surveying, and tl¡e ber¡efìl,s gairred frorn dual frec¡uency
P code observations. The solul,ions &re strengtherrccl by inr¡rosirrg
integer constraints on the ambiguitics. Dllipses of standarr.l rlevi-
ation demonstrate tlre geornel,ry of wicle laning arrcl its stal.isl,ical
strcngth. Scveral relationshi¡rs bctwecn côrrier phases and cotles,
which wcre already dcvclo¡red durirrg l,hc l¿st dccarle, are r¡ow be-
coming incrcasingly inr¡rolta¡rü in view of nlorlern rnultichennel P
cocle reccivcrs.

S0tUCOES DE FASD E CÓDIGO PARA O SISTDMA DE POSI.
CIONAMENTO cLOBAt (SPC) Apresenlu-se u, deduçã,o contplcla tlu,

equaçã,o de obseruação de fasc da porladont, tlo Sl'(], Sã.o aptvsen-
ladas as condições e hipóleses que leuun, à fornru simpliticadt,, que.

é lreqüentenrcnte enconlru,tlu, nu lileralutu. As coniltinações linearcs
mais poytulu,res clas obscruações de código c portadora sã,o discuti-
elas, Apresenta-se tlelallmtlutnenle o léc'nica, ir¿cluindo uso em agri-
nxensura de SPG csldlica e os buretícios olttitlos com obseraações
rle código P ut¿ treqiiôncia dupla. As soluçoes são otimizatlas
irnpondo-se lünil.açoes rptantlo ocor't'etr¿ unbigüitlutles. Elipses tle
tlesuío padrrío tlentonslrnn¿ a geon¿etria da lécnica e a torça es-
talíslica do mélodo, Vdrins reluções enlre tases e códigos de por-
tarloras, já tlesenaoluitlus du¡'anl,c n tíltirna ildcatla, tot'nam-se rnuis
imporlanlcs alJot'fl couù o uso de rcceptores notle.rnos que usarù os
cótligos P tle uårios conais,



;l lì
Cl'S Phasc arrd Cocle Solutione

tir.¡¡¡s ¡c¿chcs fro¡¡¡ rcal- t i r¡rc low-acc u rar:y pclsi t,ion i rr g

Ior Geogrrplric l¡rforrr¡¿tiorr Systelrrs ((-ilS) nrrd rravi-
gat ion of private c¿rs to rrltnr-lriglr ¡rccurscy n¡r¡rlico-

tio¡¡s in ¡¡codesy and geophysics.

Ovcr l,l¡e la.st l0 ycars G pS surveyirrg tcclrrrir¡ucs

l¡avc c<.¡l¡t.i¡¡uously bccrr refì¡rcd, 'lhis prorcus is ,still

not corrrplcted. 'l'he pioncers of GlrS srrlvcying ob-
sr:rvcd,l [<¡ S lror¡rs to aclrieve orre part, pcr rrrilliorr
(¡,¡rrrr) over l0 kln base lines. 'l'lris catl uorv bc ¿rc-

corrrpliuhcd in just rrri¡rutea. Wl¡creas thc ¡rionecrs
belicvcrl that, I ¡rprrr was t,hc lirr¡it, of GI¡S surveyirrg,
recclrt ex¡rerinrcr¡ts h¿ve clcruor¡sl,rnted ttrat 0.00 I to
0,002 ppru, corresporrding to abouü I cr¡¡ l,o 2 crr¡ i¡¡
10.000 krrr, is possiblc,

'l'hc C PS satellites l,ra¡l.s¡rriL t,wo crr¡¡ier

f¡t:<furr¡¡eier, fl=164'10.23 = 1576,42 MIIz at¡d

f2=120'10.23=1227.(i0 MIIz, tJot,ll ctrriers, usually
rcfe¡rcrl to as Ll nnd L2 carriero, ¡rre r¡¡o<lulnf,cd witlr
l'-cotlcs having a clripping rrte of 10,2J MIIz. Irr ¿rd-

tlil,it¡n, t,l¡e Ll c¡rrricr is r¡¡odulal,crl with tlrc C/Â-codc
at, n 1.02Íl M llz clrippirrg rat,e ¡¡¡rd tl¡e nirvigal,iorr rrres_

sagr:, l)cl,ail¡¡ o¡¡ the s¡rt,cllit,e tnursl¡rissior¡s a¡rrl s¡¡l,el-

litc co¡¡¡¡l,elltl,io¡¡ are fou¡rd in tllc lr¡terlacc Colrt,rol
Docr¡r¡¡e¡rt ICD-GPS-200, issuerl by lìockrvcll lnter-
nat,io¡¡¿ll Cor¡roriltion of Dowrrey, Cnlifor¡ria.

Rece¡¡t arlvn¡rces in GlrS survcy¡trg, ns well as

cur¡cnt reue¡rrcl¡ cflorl,s, rel¡rl,e to the opl,ilrrol co¡nbi_

nat,iorr of cnr¡ier plrrusc arrd cotlc plrruse (pseurlo rarrge)

ol¡st:rvntiorrs, irn provccl tcc lr rr iq rrcs l,o cst,i r ¡lnte irrteger
nrnbiguit,ics, urrdersl,nndirrg the gcorrretry of tlrc eolu-
tions, alrrl l¡¡i¡¡i¡¡rizi¡tiorr of rrrult,i¡latlr. lls¡rccially at-
tractive i¡r l,l¡ia rc¡Enrtl uc rcceivers wlrich c¡bscrvc ühe

l)-code orr l¡otlr frcqrrerrcies. 'l'he prcvrúlirrg st,rtrl,cgies

arrd thcir li¡nitntions are bcst cx¡rlnirrerl il¡ ter¡rrs of
r¡¡¡rt,lrellr¡¡tical cx¡rrcssiorrs,

TI{D UNDIFTER,DNCED EQUATIONS

'l'l¡e <lcl,¡rile<l descripti<lrr of tl¡c vnrior¡s tccl¡-
triqrres for receivcrs to ¡¡ìe¿u.¡urc thc c¡¡rricr phasc ob_

nervublc is rrc.rl, a srrbjccl, of tl¡is ¡raper. Let it sulficc

llcuisla Ilrusileim lc Gcofísrca, Vot. l0(g)

to say l,hat c¿rcl¡ recciver cor¡t¿ri¡rs a clock which drives
oscill¡rt,ors whiclr, irr l,urn, rrur at the carrier frequcn-

cics. Ât a givcrr instant, i,e, tl¡c cpoclr of r¡le{Bure-

¡rrenl, of truc ti¡l¡e t", tlrc cliflcrcllcc of tl¡e recciver
phase, C ¡(tr), a¡rd the reccived datclli[e c¡rricr phase,

ó p(1,), is ¡neesured by rrreans of a plrase delay-lock
loop. Equetion (l) contðins all releva¡¡t, tcrr¡¡s:

ólU,) = dr(t,) - ôP(t,) + /vf (l) -

'l'he phtue carrier observablc öIW) refcrs to rç
ceivcr k ancl sttcllite p. Once il¡il,ial lock is achieved,

i,e. l,lrc first differcncc is ¡¡reasu¡ed, tlre rccciver pro-
vides the accumr¡latr:d c¡¡rricr phase obecrvabte by

nlcans of continuously nreasuring nnd irrtegrating the
dillerencee bel,ween tha receiver plrnse and the re-

ccived ¡lhase. 'fl¡c accurnulated carrier phase obaerva-

t,io¡¡$ sre stored i¡r a dat,¿r file at intervols set nranualty
by t,lrc operator, i,e. l0 aecolrds,

'l'lrc nteasurcrrrertt proccss c¡rnnot uccor¡nt for tl¡e
Iru¡r¡l¡er of wlrole cnrricr wavelerrgths l¡etwcen tl¡e re_

ccivcr n¡¡d tl¡e sutellite at tl¡e irritinl cpoclr. trr loct,,

at tl¡e i¡¡itial cpoch only the plrlse fractions arc ntea-

sured. 'l'hc i¡¡itial arbit¡ary eetting o[ the ,,courrl,ing

register", wlrich kceps track of tl¡e full wavelengttre

of thc clrange in the rrrea.sr¡¡ed <lifferencce, is denotcd

by Nf (l), 'l'l¡ie value is also callc<l the initial intcgm
anrbiguity; it is corrsequcntly only a fu¡rction of the
fìrst epoch. [f l,he co¡¡tinr¡ous funcl,ion ör(lr) is tem_
porarily intemupted beceuse of blockuge of the satel_

lite signal, a cycle rlip will occur. As lock of the signal

is regained, the fr¿ctionnl part of thc phnse is mea-
surcd corÌectly, but the nunrbcr of full wavelcngthe

by wlrich the receiver plrase arr<l l,he reccived pha.ee

have clrnnged, is not knowll, Various strategies exiat
to denl with cycle slips,

'I'he lnst two ternrs in eqrrntion (l) reprcnent the
iorrosplreric and tropoepl¡eric eflccts o¡r tlrc ¡rhase ob_

servnl¡k:. The carrier frequcncy nl¡tl tl¡e vclocitiee of
liglrt rre dcr¡otcd by f and c, respcctively. 'fhe terrr a!
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varics with tl¡e'lbtal lìlecl,ro¡r Contenl, ('IBCJ) along

the pal,h of l,lre satcllita tr¡¡¡lsr¡riesion. lJecar¡se of the

sürong variation of the 'l'EC witl¡ l,i¡r¡c nrrtl direction,

the ionosplrcrc rcqrtircs s¡recial attetttio¡¡. 'I'lre tropo-

epheric efTectc arc cotrt¡ruted fror¡t a¡lproprirrte r¡¡odele

ueing rncasured tctn¡lcrnture, prcssttre, and relntive

Iurrúdity. Occasionally, ex¡rerittrctttn rvith wtter vt-

por radiotttctcrs ¡rre reported i¡¡ l,l¡c liter¡ll,ure.

An er¡rtal,iorr cat¡ be writt,ert l'rlr tl¡c cnrrier pltruse

ob¡ervablc of Ll alrd L2. Onc otrly trt:cds to add a

aubecripl, I or 2 to all tut¡¡s cxce¡rl af and 7[. Note

that t,lre itttegcr arrrbiguitics for N[.] alrd Nfr are

inclcpetrdcnù. 'l'hc fully develc'¡r,rtl fornt of er¡untiott

(l) ia (l,eick, 1990, p,215):

dT(t" ) -ló1,1t"¡{ rr"(r - l")-t iU - t,)21+

l,nrul ¡ [- ¡;1t¡dtx +

l'or( | )

[,rr'+ û''(l - ¿")ï-l+
Ôr(") + I(ltk + Nl(l) -

#. ?,
'Iho tyrnbol t dettotcs l,l¡e l¡o¡tri¡¡¡l rccciver l,ittte ,

which difTere fro¡rr tl¡e l,rue [itrte, tr, by tltc rcceivcr

clock error, dt¡. 'llre sytub<lls ¡r a¡ttl b tlc¡tote rcsitlu¿rl

s¿tellite frequerrcy ollset arrd rlrift at sotrre arbitrlry

reference tirne to. 'l'he l,r¿¡rst¡ril,tccl sal,cllitc plttusc tn<l

the receivcr plrase at t, trc {f.(lo) lnrl /¡(1,). 'l'he

topocent,ric distnnce l,o l.l¡e s¿l.cllitc is ¡/o(t), an<l¡li(t)

ie thc respcctive diatu¡tce rnl,e.

Equation (2) cnn bc sirn¡rlifìed a¡r<l wril,tct¡ itt

I more cornpact forrrr, Sirrcc to is nrbitrary, it ctrt

be chosen euch that dr(¿r) is zcro for both frt:quctt-

ciee. The term [ør + bP(l - t"\lf*lt cnn be nr:glccterl

because each aetellite co¡¡tailte scvcr¿rl rubidiu¡n nnd

ceeium clocke üo pr<lvitle st¡rl¡lc tirrre, nttd l¡ecause the

GPS control centcr ¡¡¡o¡titors tl¡e s¡rtellite clocks at¡d

provides correctio¡rs lor drift ¿¡l¡d oflscl, as ¡ttt't o[ tlrtr

navigation mes$egc. 'l'hc first, term i¡¡ (2) cnrr bc wt'il'-

tel¡ ns

l¿tp - lö1,(t"¡ l on(t- to) * bllt 
- t,\rl (s)

tlrrrs rlofirrilrg the ¡esidual satellite clock crr<¡r dtP.

'l'hc dc¡ivation of the pseudo-rarrge equatiolrs

foll<¡ws the sarne stcps as outlined ab<¡ve. 'Lhe codes

generutcd within the receiver ôre corrpiued wit,h the

irrcorrrirrg codes fro¡n the satelliten. 'l'he code phasea

are nrc{Lsured by rneatts of ¿ code delay-lock loop.

'l'hus, iu equation (2) the carrier phrwe { ia to be

replaced witl¡ tl¡e code plrase 0 and tl¡e carrier fre-

qucr¡cy f with f.o¿'. 'I'hc rcst¡ltitrg equation ia urually

rrrultiplied wit,l¡ tl¡c cr¡dc w¿rvclcrrgth to coltvt:rt, thc

¡rlruses to dista¡rces, tlrrrs:

/T(r") = i;*i(t,,Í,o¿o) (4)

'l'lrerc ¿rre two irn¡rtrrl,a¡rt clifference:s. Bquation

(4) docs l¡ot corrl,nirr tn itrlegcr trrrbiguity l,er¡n be-

c¿r¡se l,l¡e wave arrrbi¡grtil.y cnrr l¡e rcsolvcd fro¡¡¡ thc

rutrit¡ue cotlc ucr¡ucttct', 'l'l¡e actual Itt¡¡¡rber of code

w¡rves betwcen the rect:iver a¡rcl l,he satellite con bc

tlcùcnrri¡rctl. Also, t,he corle rrtorlr¡latiott ex¡leriences

arr iorros¡rlreric delny eqrrnl l,o t,l¡nt of tlre carrier ¡rlrruse

br¡t rvitlr o¡rpoaite sign. lrrcor¡rorntitrg theac cltnttgcs

ar¡d llrc sirnplificot,ions rrrctrl,io¡retl above, the equo-

tior¡ lbr tlte pseudo-rattge trecotttcs:

P[(t,.|= rfk!) + iÌk\)¿tr -
-edtp * cr/t¡ + ii *,i, (5)

'l'l¡is is l,l¡e basic ct¡uttiott t¡setl irt ttnvigatiott.

l¡¡ thcst' applicrtious the resi<lual s¡l,ellil,e t:lock e¡-

ror ie lreglected, i.e. tlre errt¡r dtl wlrich rr:rrrtrittn ot¡ct:

the clock correctionn, provided irr l,he navig¡rt,iott rnes-

sage, lrave bccrr applied. 'fhc satellite posit,ions lbl-

low frorn tl¡e broadca¡|, ephcnreris given by the nav-

igntion nlesssge. 'l'he iorrospl¡eric and tropospheric

corrections are take¡l frotrr a¡r¡rropritte ¡rrodels (recnll

+

+

+
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l,l¡at ¡rrilli¡¡lctcr posit,ioning is rrol, ex¡rcctc.d for tlris
l,ype of solutiorr). 'I'hus, l,herc rre forrr r¡rrkr¡ow¡ts in

equat,ion (5): tlrree statio¡r coortlinrtes irnplicd in l,he

üopoccntric distnncc pl, and ollc lccciver clock error.
I[ tl¡e receivcr tr¡côs¡urec pseudo-ranges to for¡r <lif[cr-

ent, satellites ot tl¡e sar¡rc tirrre, then thc resull,irrg four
equntione dcterrnine all four u¡rknowns,

The corrocl,io¡¡ to tl¡e rccciver clock can l¡e corn-
putetl with al¡oul, 0.1 Ë sec accuracy fr.orn this l,ype of
a solution. Thua, ühe f*(t) term in cquation (Z) can

bc moved to ühc left side, i.e, the observed phasea

(and ranges) a¡c correcl,ed for l,his component of tlre
reccivcr clock error, Sirrce ¡i < 800 rrr/sec for GpS
satcllil,es, reaidual receiver cloclt errore snrttlle¡ tl¡an

0.1 ¡r acc are negligiblc witl¡ regard to thig term; tlre
phæc crror woukl bc sl¡r¡rller ül¡alr the rne¡uuretne¡¡1,

eccr¡rôcy of l/ 100 of a cycle, Witl¡ the undcrstanrling

tl¡nt this procedure is alwrys followed, the ¡i terrns are

droppcd and the equnl,iorrr for tl¡e pseudo-rangc nrrcl

the c¿rrier phase obeervablc beconre:

GPS l)huse a¡rd Cocle Soluüions

(7)

by p and q, tlre follorving <liflerence of the observablee,

called tlre double tlifference,

öÏ!,,(t,) = [(cl (¿, ) - öp",(t,)l- t( ø[ 1r, ¡ - cÍ, (,, )] (s)

cen be formed. Applyiug tl¡is diflerencing achcme to
equations (6) and (7) yickls:

ol!^(t,) = {ú',,t0+ Nfå(r) - + * {ry*

Pl(t,)= fk(q-cd.t,*cctt*+ S +4 (0)

ölU,) = tú,e - l,tr + Icttr +

+/v[(r) -intrt

(e)

pf.å(¿,) 
= ¿*1,,(t) -.'# +7,t:^ (10)

'fl¡e clock ter¡ns dl,p, dte, rll,¡, and dtn,, wlrich

are el,ill precent in the ulrtliflerenced c<¡uationa (6) and
(7), cancel during t,lre diffcre¡¡cing o¡lcratio¡¡. 'I.l¡ese

clock errors con be in the rrngc ofthousancl¡ ofcyctee,
'Ilrus, simull,aneity of obscrv¿t iolra ie dcf¡¡¡ed in terms
of tl¡e nomil¡al reccive¡ clock t,i¡¡re, 'l'l¡c crror in l,he

receiver clocks rnusü bo arnall enough so tl¡¿ü p can be

assurned co¡rst{¡nt fo¡ the purpose of correcting the
phace via the terr¡¡s $/c) þ, Â more gcncral scheme

could be preeented requiring only near-rirrrultaneity

in nominal tirner, but no additio¡¡¡l inaight to GpS
tcchrriques would be gaincd fo¡ tl¡e purpose of thie
pÀper.

Because the satellites are Rt least 20.000 km
away, the eignals received at nearby stations k and

rn h¿ve traveled esaentially ûhrough the same por-
tion of the ionosphere ¿nd the tropoaphcro, thua ex-
periencing the sarne propagation eflccts. Becar¡ee of
l,he differencing operation (B) the ionospheric term
a[[, carr be neglected for el¡ort base tincs of abouü l5
kln. 'lhis is irrrportanl, for tl¡e devclopnrent of nrodern

rapid etatic techniquee which have t,he goat of short-
cning ühe observation tirne to just minutee per base

line,

The integer terrn Nff"(l) ia a linear combina.
tio¡r of l,l¡e t¡ndifferenced irrteger orrrbiguitiee. Thio
term ie, indeed, estin¡able. 'l'he rbsolute value of

llecause tl¡e rcceivcr clock correction ca¡¡ be

computed fron¡ tl¡e ¡rseurlo-rarrges, it is possibte to uee

relaüively irrcxpensivc crystnl cl<¡cks in thc receiverg.

Bven a drift of aevcr¿l r¡rilliscc<¡¡lds in tt¡e reeeivet

clock during u¡¡ ol¡serv¿rtion sessio¡r will ¡lteserrl, no

problenr,

DOUBLE DIFFEN,ENCDS

Assu¡¡¡e that two receivers located at diflerent
stations ol¡serve two aatellites a,ü the sa¡¡te ¡ronrinnl

tinre (as i¡¡dicated by t,he respective recciver clockn).
Denotirrg tl¡e recciverg by k arrd nr, arrcl tlre satcllites

Reuisla [lrasileiru dc (ititfísicu, VoL ll)(2)
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Nll(l) is not rclcva¡tü bccause of tl¡e arbitrary iui-

tiel counter rcgistcr setting. It is, howcver eeseltl,i¿l

to recognize tlrat N[!,,(l) is an intcger, Modun tecl¡-

niquer t¡¡ke full advantage of this [act,. For exlrtrplc,

ül¡e eeti¡¡¡ation proccss yickls n r¡tit¡¡lul vrlr¡c wllicl¡

might or might, nol, l¡e closc to an itttegcr dc¡lettd-

ing on thc magnitr¡de of unrnodelled erlors s¡ucl¡ as

reeidual ionosphere and orbitul orrors. A parl,icularly

¿ccurate ¡olutio¡¡ in for¡¡r<l if it is possible to co¡rsl,rai¡¡

the arnbiguitiee to l,he cortccl, itrteger valueu i¡¡ subsc-

quent, solution. 'l'he goal of tttnny rnodcrtr approtcltcs

ie not only being able to "fix the irrteger utnlliguit,ies"

but to do this a.s coon ut possible, l,ltus sl¡ort,elrirrg the

obscrvatio¡¡ l,i¡ne.

If lì rcceivers ob¡crve S nntcllites sinrulünneously,

( R- I XS- I ) irrdcpenclcnt doublc diflcrerrces of ilrc t,y¡rc

(9) or (10) nre possiblc. Of cottrsc, dor¡l¡le diflcrct¡ccs

can be fornrecl repnrntely for tlte currier ¡rltiuses ott

Ll ¿nd L2, tl¡e P-codea on Ll ¡u¡d 1,2, alrtl thc C/A

code on l,t. l)ouble difTere¡¡ces of tl¡c snr¡re c'¡roclt arc

correlaLerl.

As tr rulc of tltttrrtb, tlte ¡tre¡usttrerrtettt nccttrncy

of pha.ses is about l/100 of o cycle, Tlris tra¡r$l¡rtee to

about, 2 mm, 30 cm, and 3 ¡r¡ of ct¡rtivtrlcnt rlistatrce

accuracy for tl¡e carric¡ plruses, thc l¡ cotles, n¡¡d tl¡e

C/A code renpectively. l¡r aclclitio¡t, l,ltc carrier is lc¿ust

aflected by trrulti¡ral,h, followecl by t,lrc l' co<le at¡d

tl¡cn the C/A code. ll, follows tltnt rr:ceivers obsuvittg

carrier phasea and P codcs ¿tt both freqrrer¡cies ¡¡rc

nlost deeirable.

CODE AND CAN.NIER PHASE COMBINÂ.
TIONS

Depcnding on the type of receiver, va¡ious cot¡¡-

binaüione of ül¡e observables are porsible. lJcct¡t¡se

P-code receivere are becotnittg nrore widely available,

ühis ¡ection concer¡¡ed primarily wil,lr the cor¡¡l¡inatiott

of car¡ier phnsea atrd P codes.

Two P coclon

fr,euiata Bmsileiru dc Geofisicø, Vol. l0(9)

Frorn equetion (0) it, follows irrrrnedial,ely thaü:

Pf r(¿.) - Pt,z$) = "o! ( 
tí/,f) (ll)

ffir¡,ç,)- i!+r,¡ u,¡=

= ú,(t) - cdtp I cdt¡ 1¿l (12)

llc¡uation (l l) provides ¿ direcl, Ir¡easure of the

iorrosphcrc. 'l'he rcceiver and eatellil,e clock errors

c¡rncel and l,l¡ere is tro depettdency on tho rcceivcr

- satellite georrretry. In equation (12), on thc other

harrtl, tlrc iotrosphcre has bcen elin¡inal,ecl. Applying

tl¡e double tliflcrencc o¡rcrttion will alno cancel the

clock errors. 'llrus, cquat,iorr (12) is idcnl for contint¡-

or¡s rel¡rtive positiorring of ¡nodest &ccl¡¡¿rcy over long

littes.

'fwo Carrier Pl¡¡¡sos

'l'lre cr¡uivllcrr[ of cr¡urrt.ions (ll) antl (12) for the

crwc of c¿rrrier ¡lltlscs is:

ôl rh.u) = fuoT,u) - ffióT,$) -
= +r/,,(t) - ItdtP * Itdt* * l&xl rO¡

-#hrul'(r) + +1'I

ú'o ,U,) = dT r(1" ) - ftpX ,1t,¡

= N[,(r)- f,Nf ,(r ) - * (, - fu) rr,rl

U¡¡fortunrtcly, a variatio¡r in one of the in-

tcger anrbiguit,ics cr¡uscs a ¡¡on-itrtcger step in the

ionosphcric-frce cor¡rbinnliorr (13). The respective

factors are ft/((l-(2\ = 2.$4 and f¡f2l(ff-f?) = 1.98.

Sirnilnrly, the ionospheric corr¡bi¡¡ation (14) dependa

on t,l¡e arnbigrrities; tl¡e fractio¡r \f 12 = 77160,

Âpplying t,hc doul¡le diflcrcncc operation elinri-

natee tl¡e clock errors in (13) and most of the iono

uphere irr (14) for sltort stetio¡t seporation. Eqrrntion
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( ta) ie frequently used to cl¡eck lor cycle slipe ûssuru-
ing that tlre ionospherc is eli¡rrirrnl,cll i¡¡ tl¡e doul¡le
dillcrences or variee slowly. .l'hi¡r ki¡rd of arrulysis is
¡lonretin¡ee ambiguoue bec¡lusc ccrtri¡l conlbi¡¡al,iorrs
of inl,egers in l,l ¿¡¡d L2 gcrrerutc alr¡roul, ülrc so¡¡¡e
change in either the ionosplreric or thc iorrospher.ic_

fiee cor¡¡bi¡¡ation. Scc Leick (1g00, p. ZÏg) for a list_
itrg of intcger cor¡¡bi¡¡atio¡rs.

'l'he following corrrbination:

ö1.,(t,) = óf,.r(t,) - úpr.r1t"¡ =
= +/h( ) _ (/r _ îz)dtp + (Â _ !ùttt* +

+¡ff ,(r) - ol (i - *) + *rt (rs)

with:

ruí,(r)= t/fr(l) _ ¡ff,3(l) (10)

is very irnport,ent, in n¡odern GpS surveyirrg, lt, is
called tl¡e wide lane ol¡servable because tl¡c cffective
wavelength of thin corr¡binutio¡r is:

l" = ft= o'8orn (17)

A popular strategy is to attcrrrpt to esl,ir¡rute l,l¡e wiclc
lane arrrbiguities (16), ¡or¡nd []¡e cst,i¡¡ratca to irrtegr:rs,
¿nd constrain t,l¡c roundcd valrrcs irr eubsequcnt solu_
tione. The wide lane obsuval¡le in units of lcrrgl,h
i¡;

LL,U,) = À,óL.U,) =

= rtU) - cdtl * cdt¡ + À,,ivf . +

+fra! .t..t'l ( ts)

'l'lre conrplement, of tl¡e wide larre is, of cornse, the
nrrrrow lanc, ¡givon by:

úl 
^U,) = úT ,e,) + óI rU,) -

= I'+br/o( ) - (/, * Iz)¡ttp + (/r + lz)ttt* +
+/rf ,,(l) - "[t* + /;l+ *rt (le)

¡ff."(l) = ¡ffr (l) + Nl ,(l) (20)

s" = fili,= o'llrr¡ (21)

Ilevisla ßrasileira dc Geolísicn, trlot, t0(p)

CìPS I,l¡asc ¿nd Code Solutiol¡s

It
2c

LL,,(t,) = Àudl.,,(l) =

= rfk() - rr:, * cdt¡ + À^¡/l,n(t) _

fra! +r[ ez)

Tl¡e wide la¡le ¿¡ld narrow l¿l¡e observables ret¿üe üo

the iorroeplreric-frce and iorros¡rlreric con¡binationa a¡
fc¡llows:

[¿1.,(1") + t.1,,,(t,)l = óI.tr&) (23)

m[*üL,tl) - fdf,1r,¡¡ =

= öïÁt,) (24)

lVide Ll¡¡c Ar¡¡biguity frorn Code and
Cnrriar

Givel¡ P corlc rcceivcrs the wide lane anrbiguity
cru¡ be corrrputed tlircctly fronr:

)r,öl,lt,¡,LP,-'W#*, - 
e6)

'l'his particulnr c<¡rr¡l¡il¡al,ion is inclependent of
clock errors, ionosphr:rc, nrrrl l,lre stat,ion - satellite
gcorrrcl,ry. lbr very accur.¡¡tc P code observal,ions one
nrighl, be ternptetl to colve the wide lane arnbigu-
ity dircctly cach epoch. ln practice, ¡everal epoche
will l¡c corr¡birrcd to esti¡rr¿te the wirje lnne ambigu-
ity, while the receiver rcl¡rui¡¡s at l,l¡e same location.
liquution (25) was already co¡rsidered by Melbourne
(1086) whcn the first, 'l.l-4100 du¿l frequency data
bccor¡rc availal¡le. Witlr ühe availability of new multi_
chol¡r¡el P code rcceivers, l,his rernarkably eimple rela-
tiorrslrip l¡cl,wecn codes, c¿rrier ¡rtrases, and the wide
lane arrrbiguity will l¡ecor¡¡e cven rnore useful.

Tho Rnrrgo Diffcrc¡¡co Er¡rrnüion

lìvaluate t,l¡e ur¡<liflcrcrrccd c<¡uatione (6) and (7)
sl, & gcr¡erðl epoclr t, an<l at sorr¡e irrititl epoch l.
'l'hc res¡rective diflcrcl¡ccs l¡ave l,he rangc differonce
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which trir:r'ly sl¡ows t,l¡c tlc¡rc¡¡111'¡¡11y of tlrc corlc a¡rrl

c¿¡rr¡cr ¡llt;uscs ort l,ltt: cltirtt¡4t's t,l l,lrc iotros¡rlrc¡'tl. 'l'ltr:

¡cceivcr lr,c¡rt,ion irl, r:¡roclts [" ;rtrtl I cl¡¡ llc rliflcrr:n1,.

lrr fnct,, l,ltc rcccivcr c¿uù 1){r ttrovitr¡ç at, lrotl¡ cpoclts

ancl drtritt¡1 t,l¡c ilttcrvol. Â r¡¡orc l)r¿r(:t,ic¡¡l ftrr¡l¡ of

crlr¡¡rt.ion ( illì) is:

lir(,) '- 2f,(t¡ irr c()¡rrnroIr. l)iflì:rcrrr:irr¡4 l.lre tliflì:r-

(Ìll(:cs glv(-'s

St:r.N'l ¡rrlcr (I992) i¡r¡tl llcrr¡orr,li (I99I)fbr irrrplenren-

t,¿rt,ior¡ <k:tails.

OI course , rcccivcr ¡n cÌ¿ur L¡c o¡r tlrc ¡¡round and

bc 5l,i¡l,i¡1¡¡¿¡y, 'l'lrc sat¡r,l l,cclrrrir¡uc c¡rn be usccl.

'l'hr¡s, it is rc.r..lily scc¡¡ l¡orv ¡r¡odcr¡r G ItS r¡nifies

rraviguIiorr arrcl surveyirrg.'l'hc nrrrlliguity furrction

tcchrrique, dcvclo¡rr:rl by (lourrsclrn¡ul and Cìourcvitch

(l9tJl), is likcly [o Lre wirkrly usc(l it¡ thcsc develop-

¡r¡t:ttts.

wIDlt LANING I'DCIINI(IUDS

(.i i vt:r¡ tl rrnl l'r'r.r¡rtor t: y <:lr¡'t'icr ¡rlrlsc obscrvatiorre,

tlrr.sirrr¡rlcsl, ;r¡r¡rr<,lclr is lr¡ r¡st: cr¡rrirl,ion (8) for each

ftc,¡trcrrcy ¿rrr.l to r:sl,irr¡lrl,c sl,¡¡l,io¡r ¡lositiorrs a¡¡d in-

l,r.gcr irrrrlri¡1rrit.it's l,ogct.lrt'r. l:'r'ci ¡rtrtl llcr¡t,icr (1900)

,lt:sr:t'il¡tr iur o¡rt,itrrtzt',1 ir¡r¡,r',,1t:lt l'or rrsirrg sl,¡rt,isticnl

l,r.sl,s t(¡ tlr;l,r.I¡rrirrc l,lrr! utl,(.1{(,t's [rr¡t¡r t,lrtt rcâl-v&lucd

lstit¡¡;rl.t's. 'l'lrc irrt,c¡1cr irk'¡¡l.ific¡rl,it¡rr is cotrr¡rlicntecl,

l¡t,t:¡usr: t,lrrr r,sl,ir¡r;rl,r,tl lrrrrl,i¡4rrit,ics aro corrcl¡rtctl, attcl

scl'crirl st'l,s of irrt,r'gr:r's rrriglrt, rroI lle tlist,irrguis]¡nble

st, ¡rl. ist, ir';r I lv.

ll, is irlrvir¡,s lrr,sl, Io t,st,irr¡i¡t,c t,lrc lvitlc l¡r¡¡c at¡¡-

lri4rrily f irst., tlrlr¡ rl,,t.r'r'rrrilrc tl¡c witle lnrre irrteger

vllrres irrrtl t:t,r¡sl,ririt¡ tlrcsc r'¡rlrtr:s itr sttlrst:r¡ttcttl, so-

Ittl,iotrs. 'l'lre st,t't'rrgt,lr ;rtltl,'tl tr¡ Ll¡c irrl.jrrsl,rrrrlrrl, witlr

sttclr ir ¡rrocctlrrLc is vcr'¡' srgrrificrrrrl,. lt, is, i¡¡ ¿¡ s(:n$e,

¡ "l¡nck rloor" l,o rrcrrl,r'irlizitr¡q r¡t¡nvoirltlrlrl rnotlcl cr-

rrtt's citttsctl, c,¡1. lly t,lrr' ¡csi,ltt;tl i,rrros¡rlrcrc. 'l'lris

lr.t'lrtrir¡ttr' nt;rli{'s il ¡rossrl,l,' lrr fix irrl,cgcrs ()v('r lt-rrrgcr

l¡¿rsc lir¡,'s rrr slr,r¡'tctr Ilrt: tll¡sr.l'v;rl,iorr s¡lirrr for sl¡o¡t

lr¡rs,' litrcs.'l'lrc rrrirjor irrlv;rrrl ;rgc oI tlrrrrl l'rt:r¡rrency P

corlr. r'r'ccivcrs is t,lrc nbilit,.y l,r, sl¡ot'l,c¡¡ l,lrc tilr¡c rtr:ces-

slry l,() t'('s()lv(' Ll¡c lvirl,. lirrrc nrrrlrigrrit,y, c.g, by rrrearrc

, 'l r,'t¡rrnt,iorr ('Jl-r).

Â ¡r,,l,lrt,t' 1., v,rl of s,¡ rlr isl, ir';rl,iorr is ¡rr.rssil-rlr:. Colr-

sitlcr cr¡rrnl,iorr (2tl) rvl¡it:l¡ sl¡orvs a ¡rarl,icrrlar con¡bi-

¡r;rl,io¡r c,I l, I nl¡,1 t.lrc wirlc l¿rrrc lll¡iusr:s, ¡ul(l cot¡sider

lltt' ¡'r,r¡¡'¡¡¡¡¡¡'r,¡¡¡r.t¡t.s (2U) arrtl (il0). l¡t¡rtl¡r:r ¡LssqÌ¡c

I l¡¡rl. lhc tlot¡lrLr rlillìr¡'t:ncr:

t'l'u,) - /'il(t¡- jí,Þ'i\,) -d,,i:(l)l-F
-t. j*Í,'tì(t) .- "l 

( I )l

/,1'( I ) = t,,i\,) - llø,;(t") -,¡l( I )l

ff[,,1](r) -- ,,li(l)l

Â. l,r'ick nrrrl l). lllit.zlir¡rv

(20)

(27)

'l'lris ,',¡rtrrt,ittt¡ sl¡otvs lrt¡rv tlrc ¡rst'tt,lrt rilrrg(: cirll

lrc trrir¡'¡r,,rl l¡nck irr Lilrlr.. [,rr cx;trrr¡,lr', l,l¡t. ol¡st'¡-

v¡¡l,it¡¡rs ¿rl v;rriot¡s r:¡roclrs r::r¡¡ lre ust'tl I.r, ¡rvorng('ot

s¡¡root,l¡ Il¡,, ¡rs,,rrtlo-rlrr¡¡r: irt, tlrr: irrit,ilrl t'¡rot:lr I, t,lrrrs

¡lrorlrtr'rng ;r luorc ;rt:cut'irl,c v¡¡lr¡,.. ll'cr¡uirl.iott (27) is

sttlrjrrt'l,r'rl l,r¡ l,lrrt <lorrl¡lc rliflerrlrrcc o¡rr.r;rl,ion, il, lvill

be possil,lr: lo r:orrr¡lut,e rul ¡rccurÍrl,o,.¡l,rclt I ¡rr-rsil,iotr

usitrg n rrirvigirl,iorr ty¡re of solr¡tio¡r. l)or¡ble rlif[r'¡'errc-

in¡5, of (:orrrs(:, r:lir¡¡it¡al,r-.s ¡rrosl, r¡l't,lrc iotrrts¡rlrr.rc rvlrmt

n¡r¡llicd ovcr slrort rlist¡rnt:cs. ()vr.r lt,nger rlist,irrrcc it,

is ncc,rssirry to co¡¡rlli¡te cÍrrricr ¿rrr,l co<l,r olrscrv¡rl,ic'¡rrs

of hol.lr lì',.r¡rrcrrc ics.

l')r¡rrat,ic'rr (27) is frt¡rrl¡r¡rr,rrtal t,,r ;r lcclrrrit¡rrc

cnllcrl "irrl,c¡¡r:r fixirr¡¡ on t,lre lly" . Âssrtrrrr. I,l¡;rl slrrliol¡

k is l,rcltt'rl orr Llrc ¡qrotttrrl rr¡rrl I.lrat rr:ccivcr rlr is lr,

r:trl,erl olr t ¡rlrrrrr'. l,cl, epoclr I refcr l,o nt¡ ir¡sl,lnl,;rf t,cr

l,nkr: .¡lI t¡r 1,,'[,-¡rt' lirrrditrg, llr'¡rr:irl,r:rl lr;rclt-trr;r¡,¡,irr¡4

of t,lrc ¡rs,'rrrlo-rarr¡1cs givt:s nrr cslirrrtt,c of tlrc t'¡r,,clr

I ¡rosil,iorr wlriclr, irr l,rrrrr, is r¡setl to <lcli¡rc;r sc¡¡rclr

volt¡lrre wlriclr r:orrt,¿rirrs tlrc corrlcl,,'¡rc,clr I ¡rosil,i,rrr.

Vnriot¡s l.r'r:lrrrir¡rrcs lr¡rvr: llr:err rlevclo¡rctl [<¡ rlr.l,r.rnrirrc

l,l¡e r:xat:t lr¡r:¿rt,iotr witl¡irr t,llc sc¡rrc:l¡ v(rlun¡r' ;rrr,l, l,-\,

rloittg so, l,o obl,tirt tlre correcl, itrl,o¡¡rrr ;rrrrlril,;uit,it.s.

Ileuislu IJrusileira de (leolísicn, llol. l0(9)
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óLr(t,) - ,ftA|(r,.) = ilf , (t) -
-fitt¡,(t)- ffi¿r ( 28)

ilf,r(l) = l-öï,,U,) + /vf,,(t )J x

,h+ W"i (2e)

ilf.¡(l) = [-di.,(¿") + /uf ,1r¡¡ x
*h+ f i (30)

operatione will be applied, reeulting in a c¿ncellation
of the ionoepheric term in (2g) and (30) over chort
b¡se line¡. If the wide lane ambiguiry /lrf[,(l) ie

¿vailable from a prior solutiou, i,e. code phaee eolu-
tion, the inüegera ilËå,,(l) and /úf$,r(l) foltow from
(29) and (30). Amurne that, the estirnate of tlre widc
lane ambiguity ie wrong by one (widc tane) cycle,

The resulting errors on the Ll at¡d L2 anrbiguitiea
arc h/(h - lz) = 4.62 and |z/(h - lù = J.53 re-

epectively. We k¡low that, over sl¡ort base linee il¡e
ambiguit,ies esti¡¡¡ate ¡nuut l¡e very close to an integer
value. 'l'hus, êt¡ erroneous wide lnrrc by I cyclc woulcl

¡eeult, in arnbiguity estimatee witl¡ frrctio¡¡s clo¡e to
one half (.5). In practice, this fncr woulcl rai¡e a ftug,
warning of a poeaible error il¡ the wide lane ¿¡nlli_

guity. Another wide lane arrrbiguity value coul<l be

used. 'l'his proceclure ilnplics thot ihe perruiseibte

uncertainty in t,he wide lane arnbiguity is 2, i.e. a mi_

nor uncertainty in the wide lane ambiguity is ¡llowed,
Thia technique is often relerred to as extra wide lan-
ing (Wuebbena, 1085). llecnuse fewer obscrvat,ione

are required üo idcntify t,wo wide lnne ca¡rditlaf,ea than
are needed to determine tl¡e wide lane uniquclJr cx- .

tra wide laning ie particularty attractive for nraking
rapid al,atic GPS surveying even more rapid.

A¡¡ all,er¡¡al,ive irnplerrrentttio¡r of the ext¡a wide
laning conce¡rt is seen frorrr equations (31) antl (J2).
Equation (31):

Reaísta ßrusilein de Geolísico, Vol, l0(g)

óltr(t,) = + fh1,') - I'atp * ¡th
-z#tuLr(l) - ilf,r(l)l
+ ÍU,+õfN i. r ( | ) + ill.r( I )l

+t?I (31)

ólt,¡r'(t,) = +tkt^

-ffitnËI.,(r) - nf,l r(r)l
+ffi;r!Nli,, r(I) * ilfå.r(I)l (32)

followe directly from the iononpheric-free combination
(13) with only a resrrangerÍ¡e¡¡t of üt¡e ambiguitiee into
a dillerence (wide lane) a¡rd a sunì (narrow lane). Ex-
tr¿ wide lening is irrr¡rlerrented by ut,ilizing the facü

tl¡¿t, tl¡ere exists ar¡ odd/odd and even/even retation-
clrip bet,wcen tl¡e wide la¡re and tl¡e n¿rrow l¡ne am-

biguities, lf tl¡c ca¡rdidnte wi<le lane is o<ld, then the
n&rtow ln¡rc solvcd frorn (12) ¡rrrr¡lt l¡a odcl as we[,
otl¡erwise tl¡e carrrlidatc rvide lalrc is wrong,

'Il¡ere arc ol,l¡er varial,i<¡¡¡s for irnpterlrenting ex-

tra wide larring, [lut no ndditional insight woul<l be

gairred by <lcaling witl¡ t,l¡enr i¡¡ this ptrpcr.

CODE.PHASE GEOMDTRY

Tl¡e variauce covariance ¡r¡atrix is readily avail-
able for sturlyiug tlrc code-plrnse gcornetry. From
equations (0) and (?) ir follows rl¡at:

I Pt. Jt, ) Pl. zk ) ö1. tG) ör*. r(t,)Y
= AIf*Øtl,,Nf,,Nf.rJr (33)

witl¡:

and:

r!,, = 
fraer

(34)
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loo,aLoN.ttoN.zl =

= [0,0171r,0,673rn,8,20cyc,8.23cyc] (41)

A_ (35)

'l'l¡e clock error t,cr¡r¡s arc igttorctl itt tltcrc cc¡ua-

lions becnr¡se tlrey will ca¡¡cel aftcr tl¡e tlouble dif-

ference operatiott is np¡lliecl. 'l'he ionospltere is ex-

presscd in ter¡rrs of tl¡e Ll correctic¡l¡ (34), Bquul,iorr

(33) is writ.tc¡t as:

Yf(1") = ¡1.Y[(¿.)

Thei solutio¡l for tlre t¡r¡kttotv¡ts is

(rJ0)

x[(¿,") = A-tYtU,) (37)

Applying tl¡e low of vari¡ncc cov¡rti¡r¡¡ce prop¡l-

gal,ion (Lcick, 1990, p, 70) givrs:

Ð = /-t !1a-'¡r' (rs)

'l'lrc v¡rri¡urcc cov¿ri¡rnce t¡¡nl,lix ol' t,lrc observn-

l,ions a¡rd l,hc ut¡k¡rowns arc Ð, attrl Ð" rcs¡rccl,ivcly,

'['he v¡¡riarrce of ¡fo or fnt,r,in cose of tl¡c dor¡ble rliflt'r-

c¡rce, cxl)ressce ülre positiorr ¡ìccr¡r&cy. Asstttrrilr¡ç tlrll,

l,he obacrv¿l.io¡rs a¡e u¡¡correl¡ted, D, is giverr by:

(3fr)

'l'his stoclrast,ic t¡roclcl irrr¡rlics t.l¡aI t,llc l' coclcs

and tlrc ctrricr ¡rhuscs rrc of tlrc strnc t¡uality r()sl)cþ

tively, witlr tl¡e ratio:

ol'

-=fro,¡

Tlre analytical exprcssions for Ð, nre listcrl irr

the appendix. Uuirrg ø4 = 0,002 r¡t a¡¡rl k = 154,

which corrcsporrds to tlre r¡rtio of l,lre Ll flcr¡rcrrr:y

and thc P codc chipping rnte, thc follorvirr¡E t¡tt¡¡rcrit:¿¡l

voluee are ol-¡tai¡¡erl for tl¡e stunclarcl tlovi¿rt ic¡¡¡s n¡¡tl

the co¡rcl¡tion ¡n¡rtrix:

Revisls lJlrasilctø de (lcofísicu, VoL l0(!!)

Tlrc equatio¡¡s listccl in the appetrdix readily con-

firr¡r tl¡¡rt, k ¡rcts basically as scaling fecl,or for the v¿ri-

rrrce cr¡v¡u'innce rrrrtrix. 'l'he only exccpt,ion ig a em¡ll

tc¡¡¡r i¡¡ tlrt v¡¡riarrccs of the arnbiguit,ies. Of pnrtic-

ular irrrpoltnrtce is the high correlatio¡¡ betwecn the

arnbiguitics. Thus, thc cllipse of sl,andarcl cleviation

dr:gcrrerates al¡nost irrto n straighI li¡re wil,l¡ scmiaxis

of I1.08 atr<l 0.17 cyclcs ree¡rcctivcly, attcl an orienta-

tior¡ o[ 44.78 dcgrecs, 'l'r¡rtrsforrning to wide lnne nnd

r¡rrrrow larre arrrbiguil,ies accclrtlittg to:

,1,

0 0l

isl
0 rJ

t.000 -0.9? l4
L0000

L000 -0.97 l4
I .0000

-0.9949
0.990,1

1.0000

- 0.994 I
0.9904
1.0000

-0.9914
0.904 t
0.999S

1.0000

-0.99 t4
0.9941
tJ.244t

1.0000

(42)

(45)

Nr-Nz,N¡*Nr

( 43)

nnd n¡rplyirrg variatrce cc¡v¡rtintrce pr<lpngutiorr giver:

loF,ot,oN.w,øry.n1 =

= [0.910rn,0.071|rn, 0.2lcye.,l0.,52cyc] (44)

(
lo o

\o o ì' ) (a;'1,¡vr,NË,)

f &2 o

,lo È2-oal o o

lo o

D
v

(40)

'l'lrc oricrrtatio¡r of t,lre cllipse of s[¡r¡rrl¿rrd devi¡r-

t,io¡¡ lor tlrc trnrbiguitics is 80.78 dcgrccs witl¡ tlre scnri-

nxis br:ing 16.02 ar¡d 0.24 cyclcs rcspectively. 'l'l¡ere ie

littlc c:<.¡rrcl;r[ion bct,wer:rr tlrc wiclc lane ¡rnd t,he nar-

row lr¡¡¡e urrrbiguil,ies.'l'l¡c se¡¡ri¡¡ri¡¡t¡r ¡rxis esserrùially

coi¡¡cidcs wit,l¡ tlre rlilcction of t,lrr: witlc anrbiguity.
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'l'hese arc tlre ¡t¡rt,isl,ical rc¿uo¡rs rvlry il, is ¡tossible to
csl,i¡nnte tl¡e wi<le larre anrbigrrity rvitl, ,,¡¡ly ¿r slrort
ect of obscrvnt,ions and tl¡en to t¿rlie n<lvtrrtngc of l,he
¿dditional etrcngl,lt providcrl by srrbrer¡rrent irrteger
<:o¡rsl,r¿inst,s.

'l'hc rntio o[ l,he sclì¡exis is co¡rsl.¡rr¡1, in llotlr
cases, l,he valrrc bcirrg very close to I 1,,. st¡rrrrred ra-
tio of the wide lnnc and norrorv lure wavclength.
'Il¡e orientatio¡r nntl shnpc of tlre elipse of sûa¡¡_

da¡cl <lcviatiolr åre quite ilt¡lc¡¡sitive l,o varia-
l,io¡rs of k and ø¿.

CONCLUSI()N

Mucl¡ of tlre irn¡rrove¡r¡enl, ol,Cll'S uurveyirrg in
reccnt yenrs is due to tl¡e availability c¡f dual fre_
(ptency reccivers ¡r¡¡cl ¡rronl sophist,icot,ed processirrg.

Ncwly availal¡lc p code rcce¡vcrs, wt¡icl¡ rr¡easr¡r.e p

cocles ¿t both frcqrrencics, will arlvancc CpS srrrvey-
ing evcn more. 'l'his paper srunrnarizcs sonrc of l,lre
techlriques whiclr arc usc<l rrurst cflcctivcly rvitlr sr¡<rlr

rnoder¡¡ receivcre. Â.g tlrc observntiolr tirr¡rr [or sl¡r¡r,I

b¡ue lines <lccreiuses, it lvill l_¡c crit,icol [t¡ co¡¡l,rol l,l¡c

rnult¡pût,h (wlriclr te¡rds to ¡rvcr¿¡ge oul, over. lorrger
ol¡servatio¡r tirrres). Miesiorr ¡llurrirrg will, again, be-
corne inrportÊnt, in order üo avoirl rvc¡rk gcortetry dur-
ing l,lrc ¡horl obscrvation l,itnr:.

Âlgorithrrric dcvclo¡rrncnt,s clcarly tencl towarcl
a unificd a¡rprorch for surveyirrg alrrl lriglr precision
navigntion, 'I'he respcctive rloveloprnents bclong to
l,he area of "integer fìxirrg orr I,lre fly", Tlris ¡la¡rer has
not focuscd on these tcchrrir¡rrcs, nor ha.,l it, nddrcssed
issr¡es wlricl¡ are ¡larticular to lorrg base lirrcs. À,luch
l¡uc bee¡r le¡rrncd in tl¡is nrc& a.s evidcncecl by resull,s
of recelrt ilrlcr¡r¡rtior¡al GpS carn¡laigns.

ACI(NOWLDDGEMDNTS

'l'l¡in wr-¡rk w¿Le pr.cprùred wl¡ile Âlfred l,cick w¡u
visil,in¡ç [lre Univcrsity of Siro I'uulo, l)eparùrrrerrt, of

Iì,cuisla lJntsileitn h (|eofísira, Vol. l0(2)

'lì'lrrs¡rortll.iirn, orr a l¡ulbriglrt gr¿¡ttt,. .l'lre 
support

givcrr b¡' [rrll.'riglrI rlurirrg t,lrc .luly/Âugust lggl nrrcl

lf)92 visi¿s is gr.utcfully ackrrorvlcrlgcrl.

N.DTTI¡RIINCITS

COUNSELMAN, Cl.Ci. n¡¡rl GOUREVITCH
S.rt. ( l9E l) lrlirriat,r¡rc irrl,clfcrolucter tcr¡¡¡inals
lirr curl.lr sr¡rv(:y¡¡tg: urubi¡lrrity nrr<l rrrultipath
wit,l¡ tl¡e globnl ¡rosit,iunirrg s¡,sterrr. lllBB 'lla¡¡s-
¡rcl,ions ol¡ Cìr.c'scient,cs ¡rnrl lì.clIrot.e Serrsing, Vol,
CìE-19, rro. 4, Ocüobr:r.

Flì.8I, E. r¡¡¡tl DIlUTtDn., G. (lf)90) Ilnpi<l etntic

¡rosit,iorrirrg L¡r¡s,rd <¡¡¡ tlre [¡¡st lrrrlriguil,y resotu-

tion apploircl¡ l¡ÂlìÂ: l,lrr'ory ¡¡¡¡tl fìrsù reeults.
Ill rr r usc r i ¡r t,r ( i uodct,ica, t õ : il25- ill¡6.

LEICI(, A. (1990) (il)S s;¡tcllitrr srrrveyirrg, John
lVikry arrd Sor¡s, New york.

MADDII, G.t. (lgO:l) ltlpitl sti¡r,ic ¿¡¡¡rl ki¡¡c¡¡¡¡t,ic
global positionirrg s.vsLetrr sc¡lr¡[i,,r¡s usilrg ttre am_

bi¡qrr i l,y [r¡ rrcl,io¡¡ t.r.clr rrir¡rrc, Jt¡r¡ ¡.¡ ral o[ (ieoplrysi-

c¡¡l ltesetrcl¡, V.rl. 97, rro, gll, JZZl-32g7, M¡rch.

MEIDOURND, W.G. (lgS5)'l.l¡c cr.re for rang-
irrg irr Cil)S basetl gcodcüic uysl,errm, I¡iret Inl,er-
¡ratio¡rnl Synrposirrrrr ot¡ l)rccise positiorring with
t,he Global Positionirrg Syetern, lì,ockville, US¡\,
373-380.

n,EMONDI, B.W. (lUgl) l(i¡rer¡r¿¡t,ic Cil,S ¡esults
rvitlrc¡r¡t, st¡¡tic i¡riti¡rliz¡¡l,iol¡. NO^A,l,cchnical
Mer¡¡or¿rrrdr¡rr¡ NOS N(ì5-65. U,S. l)e¡rarl,rncnt
of (.lo¡¡rn¡crcc.

\ryUEBBDNA, G. (1985) Softw¡rre rlcvclopnrente
frrr gr:odet.ic ¡rositiorrirrg with GIrS rrsing .f.l_4100

cocle nnrl cnrricr ¡¡re¿rsrtrerrre¡¡ts, l¡irat l¡rl,erna_
tiorrnl Syrrr¡rosir¡ln orr l)recise positiorrilrg with
thc Global l)osit,iorring Syst,t,rrr, tìockvillc, USÂ,
403-4t2.



47
A. Leick and D. Blitzkow

APPPENDIX

oz4= oI.r,N,z=

F=oza
I (r) F*rt )GT4 sÍl + rî (8)

oll=of,= Fhz ¡l+¡î (2)

a = [t'(ur * îî + z¡¡¡)* (tl - tt)']
ols= of,¡,¡ = frA (e)

otz = op.l.t =

= -Fhlll (Tî+II )
(3)

('E{ = øil l,rv.¡ =
2

- rrn-L
^l^t

îl+rI (10)
C¡9 = or,¡1.¡ =

=-rf (r* zrî+rifi) (4)

a = [t' (ur * rî + zri ¡¡)* (rl - tr)']
of,a=af,¡.r=frB (ll)

at4=Op.N,Z=

-r*:̂
¡

ztr^ + Iî + Il fl (6)

ol,, = o|.¡ = 2lrkz lt (0)
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O2g = O¡,¡,¡t¡,¡ =

F*ri(rr * rr;) (7)
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