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'l'hc pcrluatrcut (ìl)S nctrvork ol'lhc lntcrn¿rtional (ìl)S Scrvicc lìrr (ìcoclynanrics (lGS) providcs a
global clata sct ol'prccisc CI)S nrcasurcnrcnts. rvhich is invaluablc in thc dcvelopurcnt ol'algorithrns
ancl sollrvarc lìrr vcrl' high accuracy, (ìl'S positioning. 'l'hc intcnsivc Ill'OCII'92 canrpaign cxpandcd
thc corc nctrvork to incluclc clcnsilìcation in nlanl'rcgions ol'thc rvorlcl,'l'his pro.jcct has involvcd
thc anal¡'sis of'data lionr thc llrazilian CI)S nctw'ork, rvith sclcctcd conncctions to thc IGS Global
Nctrvork. ln this prclinrirìal'y rcport rvc discuss thc initial tlata proccssing. dcnronstrating a lcvcl ol'
lclativc þositioning acct¡racics ol'bcttcl than l0 pptr in hcight dil'l'crcnccs. typically thc rvorst
positional corìlponcnt. llcsiclcs thc nornral stantlaril t¡sctl in thc proccssirrg ol'a CI)S nctrvork, it
involvccl an [']arth bod1, tidc moclcl.
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REDE GPS DE ALTA PRECISÃO USANDO EFEMÉRIDES PRECISAS E MODELO DE
MARÉ TERRESTRE -1 rade (i I'S dt¡ IGS (lntarnutìottul G PS Sct'vit'c./br Ge oc{ynumics) pro¡tor-
c'itsttu unru sórie da dudos Gl'S glohul ¡trat'iso, os r¡uui.s são de grunde vulor ¡taru o desenvolvimen-
lo cle ulgoritntos a progrunt(s Lonu)trt.:L'ìottuis puru ¡tosic'it¡nanrcttlo GPS dc ultu ¡trct'isîio. A cant-

¡tutthtr itrlansivu dcnt¡utìttudu l'-|'}0('ll '92 as¡tantliu o núc'leo du re dc permitindo dansi.fic'ut'tttuitas
ragiõa"^ tk¡ ttttttulo. l\tasta ¡txleto utnlisou-sc t¡s du¿los da unru rcdc brusilciru c'om c'onex(tes para
u rede globullGS ltr urligo d¡r'cula-sc o l)ro('assunrcnlt¡ tlos dutlos qua dentottstt'urunt um nível ¿le

prac'isãtsralutivunrclltorqua l0ppb(purtts¡torbillt[ío)puradif'ercnç'uscleultitudes,ttornalnrcnte
tr ¡tior t'onr¡totte nta. .,llótu dos ¡trot'alinrcnlr¡s ttoruuis do ¡troctssunrcnlr¡ de una redc Cl'5, ittc'luiu-
r'e ttilt iltodclo l¡uru ll'lurë 'l'crrcstra.
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INTIIODUCTION

'fhc last l0 ycars have seett ¿t steady lise irl lhc lcvel

of relative ¡rositioning accuracics achievecl by' tlrc (ìlobal

I'ositioning Systcnr (Gl)S). A firndantcntal clcvcloprncnt

rvas the acloption ol l'iclucial GPS technic¡ttcs. atlcl thc

subscquent rnetlìocls f or arnbi-quity rcsolutiott ove r vcry ltlrtg

baselines. Since thut, rcl'incnletìts itt clata ¡rroccssittt
tcchniques arrcl plrysical rnocle lling lrave gradually [rccn

introduced. Only a l'erv ycars ago, tltc goal ot'rttatry rescarch

groups was to achie ve, rcliablc and re pcatable acct¡tacics

at the one part-pcr'-rnillion (pprl) lcvel. Ctrrl'eltt rcst¡lts

are now denronstrating rclativc ¡rositiortilrg caltabilitics at

thc level of fèrv parts-pcr-billion (ppb).
'l-he 

¡rernranent GI)S nctrvork of'thc lntcrnatiollal (ìl)S

Servicc l'or Geoclyrtarnics (l(ìS) ¡rroviclcs a global clata sct

of precise GPS nlcasurcrìrcnts. rvhich is irtvaluablc ilt the

dcvclopnrent of'algorithrns and solirv¿rrc lìrr vcrl' high

accuracy GI)S.'l'he intensive trPOCll'92 carrt¡raign

cxpanded the curc rrctrvork to i¡lcludc densil'icatioll ill lllitv

rcgions of the rvorlcl.'l'his pro.iect has illvolvecl thc atraly'sis

ol'data fì'onl thc Brazilian GI)S lletrvork, rvitlt sclcctctl

corrnectiorrs to thc I(ìS Global Netrvork. ln this pre linrinar'¡

report we cliscuss thc initial clata processittg, clctttottstratittr.t

a level of' re lative positiotting accttracies bcttcr tharl l0
ppb in lrciglrt dif'fbrcttces, ty¡tically thc \vorst positional

conl poncllt.

l'o achie vc thc lcvcl ol'¡rrccision de scribed abovc. thc

lìducial Gl)S tcchnic¡lc \vas appliccl. ancl a sct ol'rlodcls

had to be takcn into account.'l'he Ilaill aittt \vas to

investigate the influcncc of'l'.arth llocly 'l'idcs (Etl'l') on

the processing of very largc netrvork.

IGS EPOCH ,92 CAMPAIGN: BIIAZILIAN
STATIONS

IGS rvas cstablished i¡r 1993, by thc lntcrttational

Association of Ccodcsy (lAG), to ¡rroviclc support to

geodetic and gcophysical rcscarch activitiss rvith (iPS.'l'hc

lìrst IAG test carl¡raign, Epoch'92, rvas hcld li'onl l4 Junc

to 23 Septernber 1992 and shorved the ncar real-tinte

capability of the global GPS conlnrunity to rctlievc clata

and conrpute products such as satcllitc cphenrelides and

Earth rotation par¿ìnleters (Noll & Dube, 1993).
'fhe llrazilian participation in the Epoclr '92 canrpaign

involved the Iìcgional Ccntcr ([]ergamini, 1993). lt

inclucled several organizations, nanrcly the l:edelal
llnivcrsit¡' of' I)alanh (tlFPr). Ilrazilian Institutc of
(ìcography ancl Statistics (lllGIr), thc [.Inivcrsity ol' São

I)aulo (LiSl)). thc I)aulista Stâte tJnivcrsity (tJNl'.SI)) and

the National Institt¡lc lòr Spacc Iìesearch (INPE). 'l'hey

coopcratccl rvith thc intcrnational scicr:tifìc cornnrunity and

¡rroviclccl (il)S clata to thc gcoclctic conlnrr¡nity in Ilrazil
fbr thc cs(ablishnre nt ol'ncrv (ì l)S stations. -l-hle 

c stiltior'ìs

(l'aranii. l)rcsiclcntc I)rr¡ clcnte ancl llrasilia) \vcre

contirruously occupied cìuring l4 days of'tlre IGS tìpoch

'92 Canrpaign.

In orclcr to collncct thc stations occupicd in Ilrazil
clurirrg thc Iipoch'92 clrn¡raign t() ¿ul irtternational
lclcrcncc fianrc. c.g. I lìlìS'l'errcstrial Iìef'elencc l:-t'atttc

(l'l'tìlr). thc Gl)S data rvclc ¡rroce sscd rvith otltcr stations

outsiclc Ilrazil. rvhiclt rvcrc also occu¡ried cluring tltis

carnpaien.'l'hcsc slations \vere Santiago in Chile. and

(lolclstone ancl Iìichnroncl in thc lJnitcd States.'l-hc stations

of'tllis nctrvork are shorvn in lris. l.

ê^'1

Sanüa0o

Figura I - lì¡aziliirn I:¡roch'92 ('irrn¡tairn.

I:igurc I - I)urticÌ¡uç'[it¡ l]trtsilairu nu ('utrt¡tunltu E¡ttrch'92

'l'hc thlce tlrazilian sites belonging to the IGS Epoch

'92 canrpaign (tlRAS, tJllPP, I'ARA), and the othcr stations

included in tlris processing ale listed in 'l'ab. I . 'fhc lcceiver

at stalion PAIì4,'vas a'l'rinrble 4000 SS'f (Ll and L2

carricr-phase r'vith P-codc). 'l-lre other two rcceivers wele
'l'rirnble 4(XX) SD rvith C/A-code (squaring type). 'fhe

staliorts outsidc llrazil (SAN'I, RCM2, GOt,D) arc
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peilìlanent ICS stations ccluip¡rcd rvith Iìoguc IìNtì

rece i vcrs.

Although Inore clata rvcre availablc lbr tlrc st¿rtiolts

be longing to the l:poclr'92 carttpaigtt, onl¡,six days (208 -

213) rverc includcd itt the ¡rroce ssing. 'l-his nray ¡rrovicle a

re prcse lrtative sartt¡rle fìlr the purpose of'tlris stucl¡,.

Tablc I - Stations of'thc Ilraziliarr Dpoclr '92 Canrpaigrr.

7'uhclu I - ll,slttç'tia.s lJt'u.silcirus tttt ('ttttt¡ttrulttr I',¡tot'h't)J

SOFTWAIIE AND PIIOC ESSING STII.ATIÌ(] I IìS

GPS Analysis Softwarc ((ìAS)

'l'he data wcrc proccssed using GI'S Anal¡,srs Solì-

rvare (GAS) cle vclopccl at the Univcrsit¡r of' Nottinglrarl
(Stervart ct al., 1994). (ìAS process e ithcr cloublc-clill'crcncc

carrier ¡rlrase nteasurerììent or' ¡rscuclo-ran gcs. lìlrrnccl rv i th

clilfcrcnt basc satellitcs lìrr cach basclinc proccssed. 'l'his

llrovicies a capability to process vcrl, l¡¡'.ç (ì[)S nctrvork or

cvert a global Cl)S nctwork.
'l'he (ìl)S nctrvork ¡rroce ssing by (ìAS can lrc carriccl

ot¡t cither rvith the fLll f iducial techrric¡ue (Aslrkenazi ct

al., l9tì9) or by using tllc broaclcast or thc ¡lrccisc
ephcttterides fìlr thc satcllitcs. In all cascs, colrcctio¡ls fìlr
the cf'fècts ol'thc l'.alth bocly tidc (UIì'l-) ancl Ocea¡l ticlc

loacling (O'l'1.) can bc inclr¡clccl irr thc ltroce ssirrg. l'or the'

f'olnlcr casc, the nroclcl reconrrncrrclccl [ry the lntcrrrational

Association ol'Cìeoclcs¡, rvas uscd (McCarth1,. l99l). I'hc

cl'f'ccts ol'lhe ionos¡rhcrc can bc grcatly lccluccd. b¡' using

llte iorrosplrclic ficc obscrvatrlc (FlbuIkes-.|oncs. |990). Ijor
tlte tlopos¡rhcric clcla¡'. (ìAS provicles a se rics of'rtroclcllirrg

tt¡rtiorrs. l;or cxarnplc. onc cot¡ld clel'ille zcnithal scalc

lìtctors ¿rs ulrk¡lorvl.r parantcters irr the ad.justrnellt. (ìAS

it lso ¡rrov icles the o¡rt iorr o l'' l'ix ing' thc cloublc-ci i l'ltìrcncc

carricr ¡rhirsc intcgcr antbiguities to thcir irrtcgcr valucs.
'l'his 

is achicvcil bt' onc ol' thc two clil'l'clolt te cltniqucs.
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rtanre ly tlrc arrrbiguity search technicìue and the sequential

bias lìxing (l:fbulkes-Joncs, 1990).

l)roccssin g Stratcgics

In ot'cler to cletellltinc the coordinatcs olthc Brazilian
1ìpoclr'92 statiorrs consistcnt rvitlr the ITRF, the cffects of
tlre [rocly ticles of thc l]arth rve re also investigated by
corrsiclelin_u, thcir inllucncc on tllc lcpcatabilit¡, of tlrc
soluticlns. rvlrcrr ¡troccssirrg clilfcrcnt ¡reriods of data. -l-o

¡rroviclc lhe connectioll to tlle I'l'RIr, the coordinatcs of
stations COLD. IìCM2 ancl SAN'l' rvere held f ixed at their
k¡lorvn value s. oncc thcy had bee n transl-ornred to the epoch

of'thc canrpaigrr. 'l'he coorclillates rvere taken lì'onl a Jet

[)ropulsion Latrolatory (.lPl,) global, liducial-fiee, GPS

solution. rvhich hacl becn rlap¡tecl onto the ITRIr (Blewitt
ct al.. 1993). 'l'hc prccisc e¡the rnclide s of the satcllites we re

also takcn lio¡ll .lPl.. atrd rvcre held fixed in the subsecluent

¡'rloccssirrg at Noltinglranl. 'fab. r shorvs the 5 base lilles
ploccssecl. togcthcr rvith the lcs¡tectivc lerrgths.

lìa se lin e Lcngth ( krn )

GOI-D-t]RAS

tìcM2-Btì,AS

IllìAS-U lrPI)

[JEI)P-I)AIìA

I)AIìA-S,AN'I'

8,43 8

5 5()i

717

430

2.234

Tablc 2 - [.urgth ol'thc bascline s ¡troccsscd.

'l'uhelu 2 - ('otrt¡tt'itn(nto du.\ Linlttt.s tlt, lJusc I)t't¡t'a.s.sutlu:;

'l'ltc atrnos¡rhcric nloclcllirrg options uscd rverc [rased

on standard proccssinu lcchniclucs arrcl cxpc|ietìcc at

Nottinshanl. 'l'lrc inrrosplrcric lice phasc obscrvntrlc rvàs

usccl arìd the cloublc-clif fcrcncc arnbiguitics cstinlated as

real valircs. 'l'lrc troposphe ric rcliactiorr rvas rtrode llecl by

appll,ing thc Magnct nloclcl. Aclditiorrally, trvo zenithal

scalc lactors ¡rcr-cla¡'-ancl-slation rvcrc llloclelled, as a first
orclcr ¡rolvrrunr ial allcl cstinlatcd as !rr.rkllorvn parallìcters

in tlrc nctw'ork acl.justrncn,t.

l:ach ol'thc six cla¡'s n as clivicle cl into tu'o scssions of'

ll Ilot¡rs. 'l'hc clata \\'as llroccssecl [r¡ ac.loptiltg l'our dil]èrcnt
sccnarios. [:ach da¡' of'thc clata se t \\,as citlrcr ¡troce sse d as

¿t lìtll 2.1 lrorrr ¡rcriocl. or as t\\'o cotìsecutivc l2 hours

scssions. In both cascs thc cl'f ect of'thc l:alth bocl;- ticlc

(l:tì I )nas invcsti{r¿rtccl. lrv lc¡rcatirrg thc solution both rvith

and w ithot¡t thc cor'r'cction irtr¡tle rtrcntecl . 'l'ab. i
st¡nrnr¿tlizcs thcsc tìlrrr sccnarios.

'92
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Nanrc Sitc Location lLcce ivcr
t]IìAS
I)AIìA

uul)P
SAN'f
IìCM2

COL,I)

llrasilia - DI: Ilrazil

Curitiba -l)R tlrazil
I). l)ruclcnle-SP Ilrazil
Sarrtiago Chilc

Iìichnrond I.JSA

Colclstonc I.JSA
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Sccnarios l2 llours 24 llours rvith lìIì'l' r'ithout lilì'l'
X X

ll X X

C X X

D X X

Table 3 - Tested Scenarios.

Tabela 3 - Experintentos Tesludos

lligh l)rccision (ìl)S Nctrvork With I'rccisc lìplrcnrcridcs i¡ntl l:arth llocl¡"1'iclc Modcl

RESULTS AND DISCUSSION

Thc repeatability of each of the baseline contpotlents

of the diff'erent solutions was cor.ìlpr¡ted. This sirnply
re presents the scattcr of the estimated daily values about

their rveighted mcan value, f'or each individual baseline

(Ovelgaourv et al., 1994) and provides an indication of
the consistency ofthe rcsults.

+Norü +Ed *-Hagfr --+LEg[r

Figure 2(a) - l2 hours solution;

Figure 2(b) - 24 hours solution;

Repeatability without Earth Body Tides corrections

Figure 3(a) - 12 hours solution;

Figure 3(b) - 24 hours solution;

Repeatability with Earth body tide corrections.

I"iguru 2(u) - Solução cr¡nt l2 horcts;

Fi¡¡ura 2(h) - Soluçãr¡ ct¡nt 24 horus:

Rcpclihilidcttlcs scm corrcçõcs de Muré Terrestre.

Figura 3fu) - Solução com l2 horas;
Figura 3(h) - Solução com 24 horas;
Repelihilidade conr correções de Maré Terrestre.y
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Fig. 2 (a) shows the repeatability for scenario A, which

was obtained fiorn l2 solutions of l2 hours each. The

heiglrt component, which is typically the worst one, slrows

rrns (root tllean square) of about 70 nrnr. In Fig' 2 (b) ,

which slrows scenario B, i.e. the 24 hour solutions, the

sante value has been reduced to 50 nrnr. Neither scenario

A or B includes the Earth body tide corrections. Howe ver,

as solution B is conrputed over a 24 hour period, this

reduction may be attributed to the Earth body tide and

ocean tidal loading el'fects partially cancelling out, over

the longer Period.
In scenarios C and D, Earth body tide corrections have

been applied. The resultirlg nrls of the height cotupone nt

of scenario C leduces fionl 70 mrrr (in scenario A) to about

35 urm, as illustrated in Figurc 3(a). 'fhis also rept'esents

an improvenrerlt over the 24 hour solutions without Earth

body tide (scetrario B), but predonrinantly f'or the longer

baselines, over 1000 knl.

Once Earth body tide corrections arc applied to the

six 24-hour solutions, the I'trrs in the height conlponent

reduces to only 20 nrnr, as shown in Figule 3(b).'lhis
constitr¡tes an inrprovenlent with respect to the l2-hour

solution (in scenario C) of the order of l0 nrtn fbr all

baselines. It nright be due to the ocean tide loading

cancelling out over the longer period. No corrections fbr

ocean tide loading were applied during these ltrelinrinary
cxperinrents. To sunlnrarizc, the fìnal scenario, involving

six 24-hour solutions with Earth body tide corrections

applied, provides an average rnrs of thc ordcr of 8 ppb fbr

the worst con'rponer.ìt (height). The repeatability of thc

length conrponent is better than that of tlre lteight by a

fàctor of 2, i.e. an average rrns fbr lengths of the order of 4

ppb applicd irr tlris expcrinlenls.

CONCLUSIONS

It has been shown that one can achieve very high

position and height accuracies, by using an ICS Precise

Ephernerides, suclr as that provided by JPL. This has been

tested by using data from the Brazilian Epoch '92 GPS

Campaign, supplenrented with a nunrber of othel IGS sites,

thus creating long baselines extending up to 9000 krrr.

In this prelirninary set of tests, the intention was to

determine the accuracies which could be achieved by using

the IGS Precise Epherneris, and the sirrrplest of rlodelling
options in current practice. The results showed that fbr

.1. lr. (ì. Monico. V. Âshkcnazi &'l'. Moorc 159

the highest precision, the corrections derived fronl an Earth

body tide rlodel have to be taken into account in the

processing. At such case, precision at the ppb level can

be achieved.
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REDE GPS DE ALTA PRECISÃO USANDO EFEMÉRIDES PRECISAS
E MODELO DE MARÉ TERRESTRE

A rede GPS do ICS (lnternational GPS Scrvice

f'or Geodynarnics) proporciona unla série dc dados CPS

global preciso, os cìuais são dc grarrdc valor para o de-

senvolvinrento cle algoritrnos c progranìas
conputacionais para posicionanlcnto GPS de alta prc-

cisão. Urn dos algoritnros de firndanre ntal irl¡rortância

envolve a técnica fiducial be nl conro a soluç¿ìo dc anl-

bigtiidade. Durantc a lasc clc validação do IGS, rcali-

zou-sc a canlpanha intensiva clerro¡llinada I:POCII '92

que expandiLr o núcleo cla lcdc pcrrnitillclo a

densificação de nluitas lcgiõcs clo rrundo. Dr¡ra¡rtc csta

canlpanha, três estações fbranr ocupadas no Urasil.

Ncste pro.jcto analisou-sc os dados clestas cstações conl

concxões para a rcdc global lGS, via tr'ôs cstações, duas

nos llstaclos LJnidos da Arnór'ica e unra llo Chile . I)ara

o processanlento utilizor.r-sc o llrogranìa GAS (GPS

Analysis Solìwarc), clescnvolvido na [Jlrivcrsidade cle

Nottingharn, t-i K. GAS llcrrnite o proccssanlcnto dc

redes CPS globais, Lrsando a técnica I'iducial conl cor-

reçõcs ou não de nlaré tcrrcstrc. A observável lrásica

llodc ser a dupla dil'ercnça dc fàsc da portadora ou cla

pscudo-clistância, colll várias opçõe s cJe rnodelos ¡tara
a tlcl¡rosf'cra. Iìunclarlentalntentc, as cstratégias para

o proccssaulcnto clos clados, i¡lcluírant cl'ernérides pre-

cisas c a aplicaçãcl ot¡ 11¿ìo clc nrodclos de nlarú tcl'rcs-

trcs, considcranclo intcrvalos cle l2 e 24 horas, tJtili-
zor.r-sc a conrbinaç¿¡o linca| cìuc reduz cotìsideravel-

lurcntc os efeitos cla rclì'ação ionosfðrica (ionospheric

lì'cc obscrvablc). Alguns dos rcsultados obtidos de-

lììor'ìstraranr nívcl dc prccisão rclativa da olclc¡ll dc l0
ppb (partcs por billriìo) para dif'crenças clc altitudes,

rrorrnalnlcrlte a pior conlponcntc, Aléln clos proccdi-

nìe ntos noilìrais clo ¡rroccssarncnto de utna redc GPS,

incluiu-sc tun lnoclclo para Maré'l'errcstrc.
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