
I NNOVATION 

Of tl1e tн•о lюsic GPS obsel'l'ables, tl1e 
pseudol'(mge and t/1e carrieг р/щ.\е , tl1e саггiег 
plmse is Ьyjtll' tl1e llюl·e pгecise. ltlшs. 

llml'e\'1!1'. ш1 Acltil/es · l1ee/: tl1e initial 
measuгemems oj' tl1e сштiе1· plmses of' tl1e 
.1·ignal.\ l·eceiPuiiJy а GPS гесеiРег аs it Sf(//'/S 

tmckiщг. tl1e signals 01'(' uшleteпninerl. ог 

amblguoш. /J_,. ш1 illlegeг num/Jl'l' oj'canieг 
н·m·elenкtlls. А GPS гeceil 'l!l' /ю.1 по н ·ау of 
llistiщ~nislting оп е сштiег cycle Jmm anotlleг. 

Т11е !Jest it сап tlo is measш·e tlle.fi·actional 
p//(/se (11/{/ tllen keep tгack oj'plшse clшnges. 

Тllaefщe, tl1e initial unknml'll amblguities 
11111.1'/ /Je estimШI!(/.fi·omtlle GPS tlatrl. and tl1e 
cmтect estima1e.1 mu.1tiJe imegeгs. Т11еге lies 
tl1e m/1: н •/шt is tl1e !Jest н·а_,. mtleteпnine tl1e 
сmтес/ integeг amblguities? Muc/1 геsеагс/1 

lшs /1een pe1joгmed ю flnd tl1e movt efficient. 
depe/1{/able. antl accuгate н ·ау m fix tl1e 
шn/Jiguities ш rl1eiг сщгесt inrega 1>a/ues. 

ln tllis mollll1's column. н •е н•il/leam 

o.f'a иен · appmacllfoг amlii,f!nityJixing: tl1e 
Иа.\·t- .щиагеs Am/Jiguity Decoггelation 

Arijustmentmetlюd de1•iser/ /J_\' а rеш11 of 
геsеагс/1егs fmm rl1e Delfr Gemleric 
Сотршiпg Сетге шul rl1e Oepaгrment of 
Gemletic En,~ineaing oftlle Teclmical 
Unii'I!I'Sity oJ Delft in Т11е Netllel·!aщ/s. Tl1e 
team meml1eгs аге Dг. Pete1· Teunis.\'1!11. 
pmfessoг of geocletic enginee1·iпg. antl 
гese(//'Cil assismms Раи ! 1/е )IЩ({е ащ/ 

Cl1гisricm Tibaiш. 

"lm/0\'ation'' is а гegulaг column in 
GPS Woгld featm·in[!, fliscussions rm ,·ecem 
adl'liiiCe.l in GPS teclmolo,r:y ащ/ its applica
tirms as ll'el/ as оп tl1e fi mdamemal.s of GPS 
posit ioпiпg. Т11е coltmm is cooпlinared Ьу 
Rirllcml Laпgley ши/ Alji·efl Кleusbeгg of t/1e 
Depaгtmem oj' Geollesy а т/ Geomatics 
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En,f!, inee1·iщ~ attl1e Uni,,eпity oj'Neн · 

Bnm.\·н ·ick. We appгeciate гecei1>ing уm1г 

col/l/lle111s as н·el/as sщп~esrirms of rnpicsfor 
/111111'(! co/mnns. 

GPS dot1Ьie-di ffeгeпce. саггiсг- рhаsе mea
sшcmeпt s аге amЬig LIOLI S Ьу а11 LIПkiiO\V П 

iпtege1· пшnЬс1· of cycles. Hig l1-p 1·cc i s i oп. 

1·elativc GPS positioпs сап Ьс obtaiпed Fгom 

а lюrt ti те sрап or data ( f't'Oill secoпds to а 
fe\v miпutб) if tJ1e iпtegeг dol1Ьie-dirfet·e t1ce 

amЬigui ti es сап Ье deteпniпed effic ieпt l y 

апd гel iaЬiy. We l1ave developed а ргосеduге 
- thc Lcast-sqllaгes AmЬigllity Decorrela
tiotl Adju stmeпt (Lambda) method - that 
сап qllickly апd accш·ate l y estimate tl1e iпte
geг amblgвit ies. I пtl1i s <н·ti c lc. wc гeview оuг 
metl1od апd its tl пdeгl yiпg pгiпciples апd also 
p1·csct1t some tlшneгicu l гesulls illttS tl·atiпg its 
регfогтапсе. 

WHY FIX AMBIGUITIES? 
Higl1-pгecis ioп. гe l ati,,c GPS positioпiпg is 
based 011 thc lcast-sqвaгes adjв stmeпt of pгe
cise catтict·-phase measшemcпts. With s lюгt 

obset·vati oп timc spat1s, howeve1·, if the amЬi
guitics агс Lгeated as гea/-valued ПLIПlbers (or 
jloaring-poinr пumbeгs iп compttteг раг

lапсе) . they аге di iTicttlt to sepaгate l'гom the 
,-eccivct· baseliпe compotleпts. That is due 10 
the vet·y l1igh-altitudc oгЬits of tl1e GPS satel
litcs, wl1icl1 гcsults i п the гelativc po!-. itioпs оГ 

thc satellites witl1 гespcct to tl1e гece i vers 

cl1aпgi пg vet·y slowly. 
А lca. t-squaгes adjti Sttпelll tl1at igпot·es 

thc iпtгiпs ic i пtegeг пa\Lire of the шnЬigu i ties 
\Voulcl. t l1e 1·eГore. pгodttce l1igl1l y correlated 
апd imprccise amЬigu i ty and bascliпe esti
mates. То iпсгсаsе baseliпe pt·ec isioп. paгtic

вl aгl y Гог shoгt obseгvat ioп time spш1s. we 
сап ti x tl1e ambiguities at thei1· iпtegeг values; 
tl1is спаЬiсs us to tгeat tl1e cштic1·-pl1ase mea-

sв1·emcпts as esseпti a l ly psctiCioгange mea
sшctllCill . . As а гesttlt. wc сап е timate thc 
baseliпe cooгdi пatcs witll as t1шcl1 pt·ccision 
as tl1c cштict·-phase measttгemeпts possess. 

INTEGER LEAST SQUARES 
То lix thc amЬigui ties at tl1eiг сопссt iпregeг 

valt1cs. wc t'irst пееd а cгitcrioп that deteг
miпes wl1icl1 iпteger va!ues аге most likely 
the cotтcct опеs. We geпeгall y assвme tl1at 
wc have oЬtaiпed tl1e most-likcly гeal -val вed 
amЬigвities !'ют а least -squш·es adjвstiПCilt, 

tl1e гestt lt of' \11hicl1 is ofteп callcd the j loar 
solutioп. lt seems геа оваЬiе 10 соп ider iпte
geгs tlшt аге neaгesf 10 the гeal-valвed e~t i 

matc~ а . tllOSt likely beiвg tl1c corгect iпteger 

va lues. 
As а measшe of' пеагпсss . we take 

tl1e \Veigllted sшn of· sqttal·ed di t'fe 1·eпces 

betwee11 tl1c 1·cal-valoed esti mates апd tl1cir 
iпtegeг coutll e t·paгts. Thc weightiпg takcs 
саге оГ the cx ist i пg coпelat ioп апd vaгyi пg 
pгe<.:i~ iOtl of tl1e real-valtted atnbiguity esti
tnates. Tl1e matl1ematical Гопщtl а fо г the 
weightcd SLIIП о Г sqвaгes гeads: 

itl WlliCil а dCilOlCS tl1e VCCLOI' of' tl1e 11 гeal 
valtted. lcast-squares aтЬigвiti es: Qa dctюtes 
tlle п -Ьу-n variatlce--covaгiaпcc mau·ix of а 
(giviпg 1 11С LII1CCI'l<tinty ОГ each Гea i-val ued 
amЬigui ty cstimate atld its coгrclatioп witl1 
otl1eг estimated шnЬiguities): апd а deпotes 

а vecto1· that is allowed to t·aпge tlli'Ough 
tl1e 11 -dimcпsioпal space of i пtcgcгs Z". Tl1e 
dimetl i оп 11 ec1t1al ~ thc пt1111Ьсг of dotiЬi c

di ffeгeпcc amЬiguities. Непсе. wl1cnm satel
litc. ш·с tt·acked at t\vO duai-Ггeq tte вcy 
receiver sites. t.he total пшnbe1· оГ douЬie-dif

f'eгeпcc amЬiguities. 11. equals 2(m - 1). 
!в EqtlaliOtl 1. tlle veCIOГ а апd matгix Qii 

аге kiiO\VП ; tl1ey are obtaiпed t'гotn tl1e tloat 
so lttti o п. Tl1c i пteger vectot· а, howevcг, is 
uпkвown . The пюst-likcly iпtege1· amЬiguity 

vecl oг is the vector а ll1at miпimizes tl1e 
value of /(а). We 1vill dc rюte it as ii. 
Because tl1e miпimizatioп of' /(а) atllOUJltS 
10 а minimizatioп of а sum of squarcs over 
thc SCI of iпtegCГ ' , \1/С will rcfcr 10 the solu
tiOil ii as tl1c i11(egeг least-sцuaгes estitnate of 
tl1e amiJigtlities. 

AN INEFFICIENT SEARCH 
Comptttiпg tl1e i пtegeг least-squaгe!-. amЬigu
ities is поt easy. Uпlike 1vith oгdiпary (гcal 

valucd) lcast-~qвares ргоЬiеtш. по staпdard 

techпiqttes а ге avail a Ьie fог m i пimiLi пg 
/(а): tlш . . one geпerall y 111tШ геsо1·1 to 
methods iпvol viпg а d iscгetc seш·c l1 stпнcgy. 

As а fi1·st stcp, we сап герlасе thc wlюle 



space of irнegers ?!' witll а srnaller subset tl1a1 
still сопtаi п · tl1e solu tioп . For tl1e subsct. \ve 
take all iпtegcr vectors а that satisfy tl1e 
iпequali ty: 

iп \Vhicl1 х2 is а suitaЫy сlюsеп positive coп
staпt tlшt eпsures thal tl1e subsct coпtaiпs at 
least опе iпtegcr· vector· а. 

Geometгically, thc i пequality ir1 Equatioп 
2 describes ап п-dirneпs i oпal hyperell ip
soidal regior1 ceпtere(\ оп д. We will refer to 
tl1is l1yper·ellipsoidal (or jLrst el/ipsoida/ l'or 
short) r·egioп as lhe amblguiry sеагс/1 space. 
l ts orieп tatioп (rotatioп \Vith respcct to the 
grid axcs) апd eloпgatioп (ratio of lhe largest 
axis leпgtl1 to the srnallcst axis leпgt\1 ) ar·e 
goverпed \)у Qii. ar1d its size is coпtюlled Ьу 
the value or х2. Figuгe 1 hO\VS а two-di meп
sioпal view ol' tlle amЬiguity searcl1 space. As 
tl1e grid spaciпg iп the t·igure eqшtl s опе 

cycle. tllC admi siЬic locatioпs Гог the iп teger 
vector а arc gi veп Ьу the grid iпtcrsectioпs 

iлside tl1c ell ipse. 
То determi пe ii, we rшrst perfoп11 а searcl1 

througl1 tl1c ellipsoidal regior1. Differeпt 

search procedures are possiЫe апd have Ьееп 
implemeпtcd i п aпalys i s soft\vare. UпfortLI

пately, they аге al l iпefficieпt wl1eп applied 
to rotated апd extremely eloпgat ed searcl1 
spaces - spaces that ar·e rypical for GPS 
douЫe-diffeгeпced, carrier-phase data f'rom 
short obseгvatioп sessioпs. For cxample, fог 
dual- frcqucпcy data collected ovcr а 1-sec
oпd observatiOrl lillle рап. an eloпgatiOJl of 
the order Of 3 Х 1 0~ is ПО\ LJJ1COJ11П101l . 
Tl1eref01'e. if tl1e mirюr· ax is or tl1e seaгch 
space is 1 ceпtimctcr· long, its major· axis 
would Ье 300 meters lor1g' 

ТНЕ IDEAL SITUAT ION 
То understand IIO\\' we сап ligl1 teп tl1e Ьuгdеп 
of tl1e seaгch. it helps if we first ask ourselvcs 
tl1e qucstion. What should tl1c stпtcture of 
j (a ) Ье to make tl1e searcl1 as cfficient as 
possiЫc? Clearly, the eaJch t1ecor11es trivial 
whcn all arлЬiguities are Гully decorтelated. 
tп that case. tl1e variaпce-covariaпce matrix 
or the amЬigLti ties . Q6. is diagorшl . апd j (a) 
recluccs to а SLJJll of iпdepeпde rll sqLrarcs. 
That implies that \ve сап liпd the тiпiпшт оГ 
j(a) Ьу miпimiziпg each of the 11 i пdi vidual 
squares in j(a) scparately. Thercfore. tl1c 
iпtegeг least-squares sollllion fo llows simply 
from юur1diпg tl1e iпdividual. гcal -va lued 
amЬiguity cstimute~ to tl1eir пearcst iпtegers. 

А diagonal matrix Qa also implies that lhe 
axes of the arnЬigн i ty searcl1 space are 
al i gпcd with tl1e grid axes. Опс \vay we сап 
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Figure 1. ln the simplified two-dimen
sional case, the amЬiguity search space 
is an ellipse centered on the real-valued 
estimates ot the amЬiguities а 1 and а2. 

The grid spacing is one carrier cycle. 

Figure 2. 11 the search space is rotated 
so that the axes of the search space аге 
parallel to the grid axes, the amЬiguities 
will Ье fully decorrelated. However, the 
integer nature of the amЬiguities is 
destroyed in the process. 

achieve that ali gпmcпt is Ьу rotatiпg the 
searcl1 space (see Figure 2). Computatioп

ally. tl1at woLtld correspoпcl to what is kпоwп 
as ап eigem,alue decomposirion of' Qii, usiпg 
the matrix of пormal ized eigeпvector as thc 
rotatioп matr·ix. Unfortunatcly, such а rota
tioп destroys tl1e iпtegcг паtш·е of thc tгans
formed amЬiguities алd салпоt Ьс Ltsed l1er·e. 

DECORRELATED AMBIGUITIES 
l п sread oi' Lts iп g а rotatior1 or the seaгc l1 

space, \Ve сап also acl1icvc а full decorrela
tioo of the amЬiguiti es Ьу squee-:.ing the 
search spacc along thc grid axes. Coosider 
tl1e two-dimeпsioпal arлЬigLri ty sear·ch space 
or origiпal ambiguities а 1 aod а2. Тlli s ell ipse 
will Ье eloпgated. апd its priпcipal axcs will 
not coiпcide with tl1c grid axes (see Figure 
За). But Ьу pLIS iliлg rhe two hoгizootal taл

geпts of thc cllipse iпwш·d. wlli.Je at the same 
time keepi пg the ar·ea of the ellipse and its 
two verrical taпgeots lixed. we will епd up 
with uп ellipse that is peгt·ectly aligпed witl1 
tl1e gгid axes. The tгansfoп11ed amЬiguities 

INNOVATION 

(а) 

Figure з. Full decorrelation of the amЬi
guities can also Ье achieved Ьу pushing 
tangents. ln (а), the two horizontal 
tangents are pushed inward; in (Ь) , the 
two vertical tangents are pushed inward. 
This technique does not preserve the 
integer nature of the amЬiguities. 

will t11e11 Ье fLIIIy decorr·elated. апd tl1e tгaos
formed ellipse will Ье les eloogated thaп tiJe 
origi пal опе. 

l пstead of pushi пg the two horizorнaltaп
geпts, we сап also work witl1 the two veгtical 

tangents. 1п tl1at case. the role of tl1e two 
amЬiguities i interchanged. We сап obtain 
fLrll decorrelatior1 of the two ambigнities Ьу 
pushiпg the two vertical taпgeпts of tl1e 
ellipse iпward, whi le keepiпg the area of the 
ellip е and the two horizontal taлgeпts lixed 
( ее Figure 3Ь). 

Tl1e aforemeпt ioned method \Vi 11 geпer·
ally rюt preserve the iпteger пatLJ re of the 
amЬiguities, tl1e same failiпg charactcristic of 
tl1e rrans formatioп through rotation. Thi s 
di lemma iпdicates tlle great difficulti es iп 
achievi.пg а Гul\ decorreJati OП of the amЬigLr

ities. while at t11e same time preserviпg their 
integer пature. Tl1erefore. iп practice, we wiU 
lн1 ve to Ье satislied witl1 а lcss-than-pcrfect 
r·csult -а r10r1perfect alignment of tl1e axes 
of tl1e traпsformed search расе ю the grid 
axes. 

OLir idea is to use the inregeг appгoxima
rion of tl1e fнlly decorrelatiпg tr·ar1sformation. 
Tl1at approach works well , апd we can signif
icaпtl у decreasc the corrclatioп. altlюugb поt 

completely. 
Tl1e procedшc that we follow is based on 
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INNOVATI O N 

Before 

а8 = (s9.o 46.0) 
46.0 36.0 

Ра = 0.998 
е3 =34.4 

<:r,;1= 7.7 

аА2= 6.0 

Figure 4. А modification of the pushing 
tangents approach guarantees the 
integer nature of the transformed 
ambiguities. Shown here are the graphi
cal and numerical results of а simple 
example with two amЬiguities. The 
tangents are pushed inward in two 
steps: first the vertical tangents (а), 
then the horizontal tangents (Ь). 

the approach of pнsl1ing tangellls. as depicted 
in Figure 3. But. 10 retain tl1e iпteger пature 
of the umbigLiities, the taпgeпts are поt 

pllshed to the limit. Iпstead. the ve1·tical taп
gents are pL1sl1ed iпward to а position tlшt 
guarantees tl1e iпtege1· n atшe of the traп s

formed amЬiguities (see Figure 4а). As а 
result ol' that transformat ioп. we obtain а 
less-elongated search spacc and two trans
fom1ed amЬiguity е timates ~1 and ii2 that are 
less correlated. 

Now that а 1 has Ьесп replaced Ьу z1 
throllgh tl1e pusl1iпg of' veгtical taпgeпts, we 
сап coпti11L1e iп ап aпa l ogoll s way апd 

1·eplace а2 with ::.2 Ьу pusl1ing the lюгizoпtal 
taпgents (see Figure 4Ь). As а result, we 
obtaiп the transfoпned amЬigll i ty estimates 
z1 and ~2 . which are mllch less coгrelated than 
the o1·igiпal amЬiglliry estimates ii 1 апd ii2 
and also have an amЬigllity search расе that 
is more spl1erical. 

For the two-dimensioпal cxample showп 

in FigL11·e 4. we l1ave also given the vari
aпce-covш·iance matri x of the amЬigllities 
before and after the traпsformation. Qa апd 
Qi. Notc the improvemeпt iп precision (given 
Ьу the standard deviations, cr) апd the 
decrease in both correlation (given Ьу the 
correlation coefficient. р) and e l oпgation 
(g iveп Ьу the ratio of the l eпgt l1 s of the 
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Figure 5. Before transformation. the elongation of the ellipsoidal 
ambiguity search space of а test data set is initially very large 
and slowly decreases with increasing observation time span. 
After transformation, the initial elongation is reduced Ьу three 
orders of magnitude and stays relatively constant with increasing 
observation time span. 

largest 10 the smallest axes of' tl1e ellipse, е). 
The elongation has been pushed toward its 
minimllm value of 1.0. Witl1 the new amЬi 

gllit y estimates z1 and Z.2 апd their vari
ance-covariance matri x Qi, we сап поw 
регfопл the amЬiguiry searcl1 111ucl1 more 
efficieпt l y. 

ТНЕ N·DIMENSIONAL CASE 
Wheп the aforemeпtioпed principle are geп
eralized 10 the п-dimeпsioпal са. е, the decor
relation of the least-sqllare amЬigu it ies 

results iп tl1e followiпg n-by-n transfoГI11a
tioп fюm the original amЬiguity vector ii to 
tl1e пеw amЬigu ity vector i: 

[3] 

Thc variaпce-covariaпce matrix of the trШls
formed amЬi guities follows from the applica
tioп ol' the error-propagatioп law to Equatioп 
3. resultiпg iп: 

/4] 

As а coпseqL1eпce. the origiпa l searcl1 space 
represcпted Ьу Equatioп 2 is replaced Ьу the 
traпsformed search space: 

We tl1c11 LISe t11e search space гергсsепtеd Ьу 
Equation 5 to seш·cl1 for tl1e iпteger least
sqllares amЬiguity vec10r. Qi is much more 
diagonal than the ori giпal vari aпce-covari

ance matrix Qa. о this search is much more 
efficieпt thao the search based 011 the origi пal 
search space. Because the decorrel atiпg 
traпs t'ormatioп giveп Ьу Eqllat i oп 3 pгeseгves 
botl1 the volшne of Lhe seш·cl1 space апd the 

iпteger пature ol· the amЬigui ties. tl1e origiпal 
апd traпsformed search spaces сопtаi п the 
same пumber of grid points. Moreover. the 
соггеsропdепсе betweeп the origi п a l апd 

Lraпsfoпned amЬigu ities is 011c-to-one, mak
i пg it easy l'ог LIS Lo transform the soiLitioп 

back to ii iп o1·de1· to obtaio the i пteger least
sqLiares sol uti oп f'o1· Lhe ori giпal amЬiguities . 

TEST RESUL TS 
We analyzed the регfоГ111апсе of our method 
employiпg а represeпtat i ve example that 
uti lizes dual- t'reqнeпcy, carrier-phase mea
suгemeпts takeп from а seveп-satellite coп
figш·ati o п. The sampl i пg iпtcrval was 1 
secoпd . Tl1e а ргiогi sta11dard deviati oп of tl1e 
phase obscrvatioпs was set to 3 millimeter .. 
ln Figure 5, tl1e eloпgatioп of the amЬiguity 
search space for this data set is gi veп as а 
fu пctioп ol' the observatioп time sрап as it 
raпges from 1 10 30 secoпds. 

Reduction in Elongation. For а 1 -secoпd obser
vatioп time spa11, the eloпgatioп is reduced iп 
the traпs formatioп Ьу tl1ree oгders of magпi
tнde. Also. \Ve сап see that the eloпgatioп of 
the Lransformed earch space is пеагlу iпde
peпdent of the observatioп time sрап. 
whereas the elongatioп before the traпsfor
matioп decrea es with ал increa е i п obser
vatioп time sрап . That characteristic is 
caL1 sed Ьу the chaпge in receivcr-satell ite 
geometгic coпtigшatioп. Еvеп for а 1-hош 
observation time sрал, the eloпgatioп before 
traпs formatioп is still more tl1aп twice as 
large as the eloпgatioп afrer t raпsfoГI11at ioп . 

lmprovement in Precision. Figure 6 s lюws the 
increase i п the aтЬiguit ies' precisioп. which 
occurs from u siпg the tra пs formatioп of 
Eqllatioп 3. lп Figure ба, t.he staпdard devia
tioпs, cxpressed iп cycles, аге given Го 1· the 
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Figure б. The precision of the 12 amЬiguities estimated from а test data set before transformation (а) ranges from about 50 to 
200 cycles for an observation time span of 1 second. The transformed amЬiguities (Ь) have precisions ranging from 0.1 to 0.25 
cycles for the same time span. 

12 oгi g iпaJ douЫe-dit'feгeпce ambiguities. 
f igure бЬ slюws tl1e preci s ioп ot· tl1e tl·aпs

formed amЬiguities. Note t.he di!Teгence in 
scale aloпg the vertical ax is. 

Fог а11 observation time span or 1 secoпd. 

tl1e transfoгmatioп гeduces the staпdard devi
atioпs of' the amЬiguities fгom 50-200 cycles 
to 0.1- 0.25 cycles . Agaiп , becallse of the 
chaпgiпg receiver-satell ite geometric col1fig
Liration. tl1e staпdard deviations dec1·ease as 
tl1e observatioп time sрап iпcгeases . 

Efficiency. The amЬiguity search space of' 
tl1e tгa11sformed amЬigui ties z, realized Ьу the 
decorrelating transt'ormatioп of Equatioп 3, 
aJJowed us t.o estimate the integer ambiglli 
ties vегу efticie11tly. То compare the seaгch 
Ьеfоге апd a rteг the decorrelating trans foпna
tioп ргорегl у . we searched the f'll ll ell ipsoid 
for the 1 -secoпd observatioп time sрап . lt 
coпtai11ed l\VO ca11didate vectoгs . The com
puter solved tl1e trans Гorшed problem iп 1 О 
millisecoпds. sigпi fica11t ly less tiшe tl1ш1 tl1e 
тоге thaл 3 hOLIГS it needed fог tl1e oгigi11al 
ргоЬiеш. 

А Further Test. We analyzed another seveп

satellite case l'or its computatio11al aspects. 
ТЬе observatioп tiшe span was onl y 1 sec
oпd . The ti miпg was done 011 а 33-MHz, 486 

ТаЫе 1. AmЬiguity.fixing 
performance characteristics 
of а seven-satellite test case 

Characte ristic Before 

Elongation 34,244.0 

Prec1sion (cycles): 
minimum 71.0 
maximum 223.8 

Computation 
tlme (seconds) 1,342.8 

After 

7.5 

0.17 
0.24 

0.064 

personal compL1te1· with ап optimized searcl1 
algorithm. 

l п Tablc 1, the elo11gation of the search 
space, pгecisio11 of the aшЬiguity estimates, 
a11d tl1e compt1tatio11 times are give11 for both 
tl1e ьe rore and after trans foпnat iOI1 cases. 

further Reading 

For а basic introduction to the carrier-phase 
observaЬie, see 

• "The GPS ObservaЬies," Ьу R.B. Langley 
in GPS Wor/d, Vol. 4, No. 4, April1993, 
рр. 52-59. 

There is an extensive literature оп carrier
phase amblguity fixing. For an introduction !о 
the subject, see 

• "Robust Techniques for Determining 
GPS Phase Amblguities," Ьу С. Goad in the 
Proceedings of the Sixth lnternational 
Geodetic Symposium оп Satel/ite Positioning, 
held in Columbus, Ohio, in March 1992, 
рр. 245-254. 

• "lnstantaneous Amblguity Resolution," 
Ьу R. Hatch in Кinematic Systems in Geodesy, 
Surveying, and Rernote Sensing, Proceedings 
of IAG Symposium No. 107, held in Banff, 
Alberta, Canada, in September 1990, 
рр. 299-308. 

For further details of the authors' Lambda 
method, see 

• "Least-squares Estimation of the lnteger 
GPS Amblguities," an invited lecture pre
sented Ьу P.J.G. Teunissen in "Section IV, 
Тheory and Methodology," at the lnternational 
Association of Geodesy General Meetlng, held 
in Beijing, China, in August 1993. (Lecture 
material availaЬie from the author.) 

• "А New Method for Fast Carrier Phase 
Amblguity Estimation," Ьу P.J.G. Teunissen 
in the Proceedings of PLANS '94, the /ЕЕЕ 
Position, Location and Navigation Symposium, 
held in Las Vegas, Nevada, in April 1994, 
рр. 562-573. 

The complltat ioп time is the time 11eeded for 
compн t ing the iпtegeг least -sqщt гes esti
mates . Веfоге traп sforшation refers to the 
time 11eeded for the search based 011 the orig
il1al aшЬigll i ties а: ajteг tra11sroгmation refeгs 
to the search based 011 the t ra11sfoпned ambi
guities z. fог the latter, t11e time пeeded ror 
co11structi11g the traпsforrлatioп шatrix Z is 
included. 

CONCLUDING REMARKS 
Our Least-sq uaгes AmЬigui ty Decorrelarion 
Adjusuneпt method ve1·y quickly estimates 
i11 teger least-squares amЬigн it i es , partictt
larly Гог short observatioп time spaпs. For 
example, typical compнtatioл ti mes on а 486 
pe1·soпal coшpll ter аге 111L1Ch less t l1aп 1 sec
ond. Furthermo1·e, the method сал Ье applied 
to data obta i пed fгom а wide variety of 
receivers because, i п pri11ciple, it is i пdepeп

dent of whethet· pseudoraлge data. in addition 
to carrier-pbase data, are available ог whetl1er 
s i пgl e- ог dual-t'reqнeпcy measuremeпts are 
used. When dual - rreqlleпcy data are нsed, the 
method сап Ье applied to other types of ambi
gнi ties, SLICI1 as wide-lane amЬiguit ies . 

For more details оп tl1e Lambda шethod, 

readeгs sl10t1ld consult the 1·eferences listed 
in the sidebar. They may also contact the 
Delft Geodetic Computi11g Centre Ьу post: 
Thijsseweg 11 , NL-2629 JA Delft. ТЬе 
Netherl aпds; Ьу fax : 01 1 +31 (15) 783711: or 
Ьу e-шail : lgr@tudgv 1 .tlldel ft . п l . 8 

Fог pгoducr infoгmarion, ll/m ro page 66 cmd see 
Manufacшrers. Fm· гepгim.v (250 minimшn), comact 
Мшу С/агk. Maгkering Sen,ices. (503) 343-1200. 
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