PRECISE GPS POSITIONING IMPROVEMENTS
BY REDUCING ANTENNA AND SITE DEPENDENT EFFECTS

Gunter Seeber, Falko Menge, Christof Vélksen
Institut fir Erdmessung, Universitat Hannover, D-30167 Hannover, Germany

Gerhard Wubbena, Martin Schmitz
Geo++, D-30827 Garbsen, Germany

ABSTRACT

In order to estimate the characteristics of GRStennas thigpaper describes a new
approach for thestimation of absolute phase center variat{®GV) in afield calibration.
The nain objective of this approach ithe elimination of multipath fromthe GPS
observable anthe elimination of any influence ahe reference antennaéhis is achieved
by forming the socalled mean sidereal day time differenigetween observations of
successive days. Sintee satellite geometry oGP Ssatellitesrepeatsevery mean sidereal
day multipathdoes asvell. Therefore, bydifferentiating observations divo different days
multipath can be eliminated. To gain informatedmout the PC\épecialrotations lave to
be applied to the antenna of interest. The paper shows the results for three different antenna
types.

A second application dhe mean sidereal day time differensbows theestimation of
smallposition changes between consecutive days.niéwn sidereal day time difference is
formed in thesame manner a®r antenna calibration, however, withoamy rotation.
Therefore multipath andPCV are eliminated fromthe observable. We achieveuth
observation periods of 10 minutes a horizontal position resolutionlpfl.2 mmwhich is
better than results from standard data processing.

INTRODUCTION

Precise positioning witlGPShasnow reached devel of accuracy where theemaining
error sources ar@entified as effectcaused by phase center variatiqgCV) of the
antenna and site effects like multipath. Phase center correat®gsnerallyimportant for
GPS observationsvith mixed antenna design ttake into account thelifferent phase
patterns of each antenna type. In addition iiaseasy toseparate between tropospheric
errors and phase center biases. Multipath ¢eve a significant influence on precise
positioning depending othe site. Therefore thempact of multipath onthe position
estimation should be considered carefully.



So far the PCV are estimated tyo different methods. In an absolute sense piossible
to determinethe PCV in ananechoic chambel] and in a relative sense by field
procedure [2] with a known antenna as a reference, whose PCV are estimated based on the
first method. The @n disadvantage of theelativefield calibration isthe influence of the
used sites. One can never assumettiedfield calibration is free of multipath. Therefore it
is very likely that the determined PCWighly depend on themultipath effects and are
correlated with the selected siteitiiva newmethod [3] wehave shown dield procedure
for the calibration of antennas in an absolute sense. This new method is based on the
elimination of multipath by using observation data of different days.

ELIMINATION OF MULTIPATH

A site which is totally unaffected by multipadloes noexist. Thusfield procedures for an
antenna calibration asell asshorttime GPS observations are disturbedthig effect. The
results are incorrectly estimated P@dlues whichare site dependent and a decreased
resolution for the point positioning with short observation times.

A shortsummary ofthe basicconcept for the method teliminate multipath is given in
this paragraph. It is based tire repeatability othe satellite geometry and therefore of the
multipath signalsafter onemean sidereal daj@, 5]. New investigations concerning the
exact period for theepeatability ofthe satellite constellation during a fodaystest in
1997 revealedlightly different value$or each satellite in a range betwe®t0 s and 256 s
instead of thegenerally assumed value of 1Bin 56 s (236 s). The period for the
constellation repeatability was estimatedthsee methods. First @l, double differences
of two successive daywere cross-correlated in thiene domain. Thenaximashow the
time lags and clearly indicate the significant periodical appearance of multipath raftana

sidereal day (see [3]).
Orbiting Times for Single Satellites Furthermore the periods are
rzaassTemumEETmenmaxssrsen  calculated fronthe correlation
anietaietelntistuintatetutnlatuotntobntotninicin of elevation/azimuth  time
series and from individual
ephemeris. The results of these
three methods are imgood
agreement. Figurel shows
- the orbitingtimesfor different
satellites computed from the
ephemeris offour days. The
periodical appearance is used
to greatly reduce theffect of
— multipath by subtracting the
£ undifferencedGPS observable
of two successive days, taking
into account the evaluated
time lag for the difference
between aneansolar and anean sidereal day, which should be calculated fitoendata
sets. Thdollowing is a simplified linearized notation die phase observation equatiofs |
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Figure 1: The orbiting times for different satellites.



in meters containinghe design matrix subvecta; the receiver coordinate correctioxis
the receiver andatellite clockerror dtanddT, respectively, scaled to meters ttne speed
of light c; the ambiguity N scaled toneters by thevavelength)\; the errorterms d for
ionosphere (ION), troposphere (TRORpultipath (MP), and phase center variations
(PCV); and the noise of the phage

|(pij = aij [x; +c, [dt - de)_)\ DNJ - qONij + drRon + q/IPij + gcwj tE,. 1)

The subscript i and superscript j stand for receivers and satellites, respeBliveing a
mean sidereal day time differend®” eliminatesthe multipath, phase center variation and
the complete geometric infoation. Thefollowing observatiorequation doesot contain
any informationabout geometrysincethe design elementa are almosidentical on two
successive days:

6SID|¢iJ =¢, masmdti _6SIDd-I-j)_)\ pSP Nj - s ONij +§SP drRon +6S|D€¢_ (2)

The remainingterms comprise thenean sidereal time differences of evegmponent,

which aresmallfor a shortbaseling(i.e. atmospherierrors) and/or are correctipodeled

in the GPS processing package GEONAP (i.e. clock errors). Thenoiselevel of the
observable changed due ¢aror propagation t&> g, In our paper [3] walemonstrated

the elimination of multipath applyinghe mean sidereal day time differend&”. Together

with the dramatically reduced multipath the resolution of the phase measurements improved
by a factor of 1.5.

MODELLING AND ESTIMATION OF ABSOLUTE PHASE CENTER
VARIATIONS (PCV)

Although themean sidereal day time difference eliminaggt® dependenerrors, this
approach can be used for the determination of absolute phase center variations.
Observations are carriegit on twodays. One antenna identically orientated on both

days, whereas the antenna to be calibrated performs vertical and horiziatiahs on the
second daynly. Now, inextension to equation (2), thieearized observatioaquation (3)

for the time differenced®® of the rotatedantenna contains PCV divo different
orientations:

3%Pl,) = ¢, [3°°dt; —3°°dT') = A BN/ -8°° gy} +3°° drop
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The observable fahe estimation ofthe absolute PCV is thdifference inthe PCV of two
antenna orientations to an identical satellite:

AdPCV(GO’ZO’AG’AZ): q:’CV(GO’ %)_ qJCV(aO+Aa’ g+A ; (4)
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Fig. 2: L1-PCV [mm], a) Ashtech 700228 Rev. B, b) Trimble 4000 ST L1/2 Geod,

Azimuth []

c) Trimble Dorne Margolin Choke Ring.



In equation (40, und z are the orientation parameter of first day, while Aa andAz
represent the applied orientation changes on the second day.

As noted beforetelative observableare used for the generation of the absopltase
pattern. Thuspnly the topology of the pattercan be described. The absolute size is not
known, but vill be treated as a constant cloekror or a hardwarelelay inthe GPS
position solution. The term "absolute antenna calibration”, howevstilligalid for the
approach, because the phase center variations are determiegehdently fronthe phase
pattern of a reference antenfar theestimation othe elevation (and azimuth) dependent
PCV serves a spherical harmonic function [3]:

Mmax N

Apey (0, 2) = ZZ(AlmCOSI’m + B, sinm )R, (cosz). (5)

n=0 m=0

P.m arenormalized associated Legendre functiokamuth a and zenith angle z refer to
the position of a particulagatellite inthe antenna coordinasystem. To enable horizontal
rotations andertical tilts ofthe GPS antenna,specialmount must be used. Through the
tilts a reception of undisturbed satellsggnals from higher elevations dabute to a
reliable PCV determination at low elevations in the antenna coordsystem, even at
elevation zero.

Using thisapproach threelifferent antenna types have been calibrated so far (Ashtech
700228 Rev. B NotcheJrimble 4000 ST L1/L2 GeodJrimble Dorne Margolin Choke
Ring). The L1- and L2-PCV are determined bgpherical harmonic function ofegree 10
and order 5. Only the L1-PCV of these antenna types are shown in figure 2. The calibration
for the Ashtech and thErimble ChokeRing antennavasverified in asecond independent
experiment showingood ageement. Clearly, elevation and azimd#pendent variations
arevisible. All antennas have very large variations at low elevations in coneapecially
for the Trimble ChokeRing reaching up to several cifihe performance of thantennas
seems to be rather poor at very low elevations.

DETECTION OF SMALL DEFORMATIONS

Another application othe proposedbservabled>® is feasible for the determination of
small position changes. Adaseline is okerved ontwo different days. The linearisation,
identical onboth daysfor each station, is performed in tlame manner as shown in
equation (1). Usinghe reduced observable, i.e. tnean sidereal day time difference, one
shouldyield the baselinecomponents with a higher precisidoe to theimproved phase
measurement resolution. In an experiment tha verification of thisapproach a short
baseline was observed on two different days. Orlbeontennas was mounted tepecial
mechanical sledge (figure 3) which allows shiftwo horzontal directions normal to each
other. These can be performed whigh precisionbetter than 0..nm). The observations
on the first day were carried out without changing the position of the siBagdposition
changes at aate of 2 mm werapplied duringthe second day. Theledge wasshifted
every 10 minutes, first tthe north and then to the eastis procedure was repeated
several times. The dashed lines in figure 4 and 5 show the performed shifts.



Figure 4 shows theisplacementgomputed fronmthe observations of the second day
only. The positionsvere estimated with aimultaneous adjustment of L1 ahd@, called
LX. It is clearly visible thathe agreement with the knovshifts israther poor. Irfigure 5
one can see the estimated positions aglyingthe mean sidereal day time difference
with the GEONAP softwarenodule GNSDIF. The agreement betwabe computed
displacements anthe actuadisplacements is veryood. Therefore theshifts ofthe sledge
can eaily be monitored by themean siderial day time differencéhe accuracy of the
horizontal position estimation is the order of 1.2 mm for aobservation windows of 10
minutes only. Hence, with this method it is possible to mongtitrersmalldeformations at
the Imm-level, even with verghort observatiotimes. Although observations dwo days
with an identicalsetup (mount, antenretc.) are required, aumber of applications are
conceivable (e.g. dam monitoring).

CONCLUSIONS

Multipath is still the mostlimiting factor for precise positioning. Md the proposed
approach, thenean siderial day time difference, it is possible to eliminate multipath from
the GPSobservables. This derived observable canubed to observemall position
changes from one day to another or estimate absolute PCV of an antenna.



The main advantages of the absolute antenna calibeatotihat it is dield procedurefree

of multipath, and independent from a reference antenna's jpladtexn. Through the
rotations and tilts of the antenna areas witlatobservations are avoided, i.e. northern
hole or low elevations, anthe antenna isompletelycovered.Still, further examinations
are requisite, e.g. errors introduced by the mount (errors in the rotation), influence of the
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Fig. 4: True positions (dashed line) versus estimated positions (solid line) vaitRout
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Fig. 5: True positions (dashed line) versus estimated positions (solid lineptsing



mount on thanultipath environment, and comparison witther sources bgpplying the
PCV in operational GP8valuations. A future goal is the automatadibration with avery
precise robot to avoid instrumental erros of the mount and save observation time.

The first experiments witithe mechanical sledgdor the determination ofsmall

deformations aralready promising. The resolution tbfe positioning is clearly improved.
Further experimentiave to be carriedut in order toimprove this method fodifferent
applications, e.g. deformation monitoring in permanent GPS arrays.
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