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Absolute Receiver Antenna Calibrations with a Robot

Martin Schmitz, Gerhard Wübbena, Gerald Boettcher

Geo++®

Gesellschaft für satellitengestützte geodätische und navigatorische Technologien mbH
D-30827 Garbsen, Germany

www.geopp.de

Günter Seeber, Volker Böder, Falko Menge

Institut für Erdmessung (IfE),
Universität Hannover

D-30167 Hannover, Germany
www.ife.uni-hannover.de

Phase variations (PCV) of GPS receiving antennas are a significant error component in precise GPS
applications. A calibration procedure has been developed by Geo++® and IfE, which directly determines
absolute PCV in a field procedure without any multipath influence. The precision and resolution of the
procedure allows the determination of reliable elevation and azimuth dependent variations.

There exists several problems with existing relative field calibration procedures and with absolute chamber
calibration results. However, PCV are urgently needed for mixed antenna type applications (e.g. RTK
networks, engineering tasks). The goal of the developments is the separation of multipath and phase
variations to get absolute PCV independent from a reference antenna and independent from site or location.
Since 1995 the absolute PCV field calibration has been developed, which resulted into the Automated
Absolute PCV Field Calibration in Realtime in the beginning of 2000.

The MP is eliminated through short-term differences, as MP is the same for subsequent epochs. The PCV
information is reintroduced by orientation changes (rotations and tilts) of the antenna, which are performed
by a robot. The robot itself is calibrated and gives a precise, fixed and stable rotation point for an antenna,
fast orientation changes, a high level of automation and robot guidance in realtime.

The automated procedure serves for a homogeneous coverage of the antenna hemisphere by 6000 to 8000
different positions. Certain optimizations concerning satellite constellation, observation time, dynamic
elevation mask are use in the operational calibration. The absolute field calibration has been verified
intensively and has been compared to absolute chamber and relative calibration results. Also the major
concern of the global scale associated with the use of absolute PCV has been experimentally proven to be
due to the relative PCV. Over large baseline satellites are viewed under different elevations and hence
different relative PCV.

The repeatability of the Absolute PCV Field Calibration is at the 1 mm level, which corresponds to the
standard deviation in the 0.2 to 0.4 mm (1 sigma) range. A calibration gives absolute 3D offsets, absolute
elevation and azimuth dependent PCV in a simultaneous adjustment of L1, L2 GPS and GLONASS signal
within a few hours.

Two findings from the numerous calibrations already performed are the effect of dome construction on PCV
and outliers in high quality geodetic antennas. The effect of domes may be small at the few millimeter level,
but can also amount to PCV changes of 10 mm close to the zenith (~75 deg), or 12 mm at ~30 deg elevation
for the ionospheric free linear combination L0. Within the “Dorne Margolin Type” choke ring antennas of
two manufacturers outliers have been detected. Basically the offset was differing compared to a type mean,
which transfers to 15 mm effects in L0 PCV.

Depending on the applications, PCV affects long term static GPS differently than real-time GPS. At the
same time different antenna types are involved, which requires the knowledge of absolute PCV. The use of
type means is appropriate for antennas not accesible, but uncertainties on the correctness remain. For precise
applications an individual calibration is recommended. The PCV determination is also a first step to separate
PCV and MP and to calibrate absolute station dependent carrier phase MP. Less investigations have been
done on absolute PCV of rover antennas, which, however, becomes more important due to the mixed
antenna situation in GPS reference networks and RTK networks.

IGS Workshop "Towards Real-Time", April 8-11, 2002, Ottawa, Canada    © 2002 Geo++ ® GmbH
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Estimation of Elevation-Dependent
GPS Satellite Antenna Phase Center Variations

R. Schmid and M. Rothacher
Institut für Astronomische und Physikalische Geodäsie, TU München

schmid@bv.tum.de

At present absolute receiver antenna phase center patterns of reasonable quality are available
(e.g. from robot measurements), but not in use, due to a large terrestrial scale of about 15 ppb
that results in global GPS solutions. This effect is most probably caused by the GPS satellite
antenna phase centers whose position varies with the emitting direction. Using relative
receiver antenna phase center patterns these variations partially vanished in the past, because
there is a one-to-one correspondence between receiver and satellite antenna patterns.
We implemented elevation- (resp. nadir-) dependent satellite antenna phase center variations
into the Bernese GPS Software and estimated daily patterns for eight consecutive days with
real GPS data from more than 100 permanent IGS stations. Thereby absolute receiver antenna
pattern values from the group in Hannover (IfE/Geo++) were introduced and the global scale
was fixed.
We could show that there are two different satellite antenna phase patterns, one for the Block
II/IIA satellites and a different one for the Block IIR satellites (see fig.). The patterns could be
estimated with a repeatability of 1-3 mm between different days and between individual
satellites within one block. In several global parameters systematic effects showed up: e.g. the
geocenter of the Block II/IIA orbits was shifted by about -2 cm in y-direction and the
tropospheric delays increased by about 3 mm.
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Multipath characteristics of GPS signals as determined from the Antenna and 
Multipath Calibration System (AMCS): Preliminary results 
 
Park, Kwan-Dong, Pedro Elosegui, James Davis, James Normandeau  
(Harvard-Smithsonian Center for Astrophysics) 
Per Jarlemark (SP Swedish National Testing and Research Institute) 
Brian Corey, Arthur Niell (MIT/Haystack Observatory) 
Chuck Meertens, and Victoria Andreatta (UNAVCO/UCAR Facility) 
 
ABSTRACT 
 
Geophysical applications of the Global Positioning System (GPS) for studies 
such as global sea level change and glacial isostatic adjustment require 
very high accuracy (1 mm/year) determinations of site velocity, especially 
of its vertical component. Despite the many efforts devoted by investigators to 
the calibration of site-specific errors, signal scattering and multipath 
remain an unsolved problem. We have developed an Antenna and Multipath 
Calibration System (AMCS) for characterizing site-specific GPS phase 
measurement errors. The system consists of a high-gain, multipath-free, 3-m 
diameter parabolic antenna, two test antennas, and two Trimble GPS 
receivers. The parabolic antenna can track GPS satellites in the azimuth 
angle range of 7-357 degrees and the elevation angle range of 5-87 degrees 
with pointing precision of better than 0.5 degree. 
 
There are two modes of operating the AMCS: Zero-baseline (ZBL) and AMCS 
modes. In ZBL-mode, the two receivers simultaneously record the signal from 
the test GPS antenna. In this operating mode, one can determine the 
receiver clock offsets and the phase biases for each satellite. Typical RMS 
accuracies of ZBL-mode phase residuals are sub-millimeter level, ranging 
from 0.4 to 0.7 millimeter. In the AMCS-mode, one GPS receiver records the 
signal received at the test antenna, and the other records the signal from 
the parabola. Thus, one can compare the phases from the two receivers, and 
determine the antenna and multipath calibration errors of the test antenna. 
 
To assess the antenna and multipath calibration errors in AMCS-mode we have 
tested several experimental configurations. For example, we can park the 
parabolic antenna pointing towards a fixed sky position 
(static-parabola), and let a satellite drift in and out of the antenna beam. 
The resulting RMS of the phase differences (or residuals) from these tests 
is usually two or three times larger than the RMS of the ZBL-mode. However, 
we find that by modeling the azimuth and elevation angle dependence of the 
phase residuals the RMS reduces to 1.2 mm. We can also program the  
system so that the parabolic antenna tracks a GPS satellite. The  
phase residuals obtained by tracking the same satellite over several  
days shows large amplitude variations over small elevation angle  
ranges with highly repeatable patterns. Modeling and subtracting the  
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repeating patters from the phase residuals results in RMS of about  
1.2 mm. 
 
We have recently installed a second GPS antenna at a nearby location where 
the multipath effects are presumably less significant than at the location 
of the first GPS antenna. The second antenna is equipped with all-weather 
microwave absorber to further reduce multipath effects. The amplitude of the 
phase residuals obtained for the second antenna location are significantly 
smaller than for the first antenna, implying that the second antenna is less 
affected by multipath. These independent results also served to confirm that 
the origin of the phase patterns measured is multipath. 
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