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An Assessment of Radome Effects on Height Estimates
in the EUREF Network

K. KANIUTH, S.HUBER!

Abstract prevent damaging, wear and soiling. Extensive tests on very

h ‘ ¢ , t db short baselines operating the amtas alternately with and
The antennas of GPS reference stations are often covered by, ot ragome were performed brBUN et al. (1997).
radar domes to prevent damaging, wear and soiling. This holds

X The conclusion of these tests was that the magnitude of the
also for a number of EUREF permanent stations. Unfortunately,
these antenna covers affect the position estimates, in particularerror dePe”dS on t.he type of the antenna anq of the radome,
the vertical component. As long as the antenna setup configura- the applied elev.at|0|.1 angle cutoff and the thickness of the
tion is not changed no discontinuity in the time series will occur, cover. When estimating also troposphere parameters, height
but the estimates will not refer to the physical antenna reference €rrors of up to four centimeters occurred. Similar experiments
point. were performed at the space geodetic observatory Wettzell
At a number of EUREF sites a radome has been mounted or (Germany). Complementing these local measurements with
dismounted during the operational pa@resumably leading observations from several European permanent stations
to discontinuities in the time series of height estimates. In order €nabled to establish dedicated regional network scenarios.
to quantitatively assess the effects, we have performed dedicatedThe results confirm that antenna radomes cause only some
processing of data series centered at the radome change epochnillimeters errors in local networks, but up to several centi-
The analysis is based on the assumption that neither the stationmeters height errors as sooriasl troposphere modeling

height nor the environmental effts will change during the is to be performed in regional networksafifuTH and
relatively short periods of less than four weeks. The heighterrors Sryger 1999, 2002).

caused by radomes may reach several centimetres, they depend . . . .
not only on the radome type baiso on the elevation angle In general, height estimates of GPS antennas equipped with
cutoff. The precision of the estimated effects is better than one @ radome will not refer to the physical antenna reference

millimeter. point. Fortunately, the resulting error will cancel in all
applications as long as the amta configuration is not
1. Introduction changed. However, any changelsas mounting or dis-

mounting a radome is likely leading to a discontinuity in
the series of height estimates. Thus, a careful monitoring
of such discontinuities is required to preserve the function
as areference station. In the course of the EUREF permanent

The repeatabilities of daily position estimates achieved with
the Global Positioning System (GPS) are presently in the
order of a few millimeters for the horizontal components

and better than one centimeter for the ellipsoidal heights. . . .
: R network operation several rade setups and dismountings
However, an important concernt@sdistinguish between

i o occurred. Therefore, this anafysies to quantitatively assess
repeatability or precision on the one hand and accuracy on q y

the other hand. As regards GPS, in particular the determi- the resulting height effects for a number of these sites.

nation of the vertical positiocomponent may be affected
by various error sources among them tbedspheric refrac-
tion modeling. A review of the capability of GPS for deter- It is obvious that such scanos as established in our

2. Analysed Radome Configurations

mining heights hagcently been compiled byoRHACHER previous analyses @\iuTH and SUBER 1999, 2002) were
(2002). There are also a number of antenna and site specificnot feasible in case of the operational EUREF network.
errors a discussion of which can be found GHANSSON Therefore, we reviewed all EUREF site logs for identifying
1998). Investigations byBseGulet al. (1995) andulDE- those sites where antenna radome changes occurred in the

HAG et al. (1996a) show thiadividual elevation dependent  past. Among these are several sites where the mounting or
phase errors due to multipath or signal scattering may occur dismounting of the radome, in a few cases accompanied
even for identical antenna types. An analysis of data from by an antenna change, causeg waty short tracking inter-

the Swedish permanent GPS network indicated that also ruptions, thus still providing a continuous time series of
snow accumulation on the antenna may cause errors in thedaily data files. From these sites we selected those where
height estimates of some centimeters §&HAG et al. the observations are readily available, but considering also
1996b). the completeness of the data and the types of antennas and

An additional error source leid to elevation dependent ~ "adomes involved.

phase errors and thus to height estare radomes (radar  Processing a sufficient number of days immediately before
domes) mounted in particular on permanent antennas to and after the radome change should then allow to precisely
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determine the effect on the height estimates. The analysedfor each constellation two or three surrounding EUREF

constellations as well as the@pessed data periods are listed

stations. The selection criteria finese reference stations

in table 1. The antenna and radome naming is according were the distances between the sites, the type of the antenna

to the International GPS Sére (IGS) conventions. The
sites involved are Bolzanaddly (BZRG), Euskirchen/
Germany (EUSK), Pecny/Czech Republic (GOPE), Hohen-
biinstorf/Germany (HOBU), Kisruhe/Germany (KARL),
Kloppenheim / Germany (KLB), Lamkowko / Poland
(LAMA), Onsala/Sweden (ONSA) and Tromsg/Norway
(TRO1).

3. Processing Strategy

We used the Bernese software version 4e2JBER et al.

in operation and the performancégrms of data complete-
ness. A further requireent was that these fiducials them-
selves were not subject toyamodifications during the
analysed periods.

For each configuration common adjustments of all days
of data and including both radome constellations were per-
formed. The reference frame was realized by tightly con-
straining the fiducial stations to their epoch positions in the
International Terrestrial Rerence Frame 2000 (ITRF 2000).
Consequently, all estimated heights are closely related to

2000) for the data analysis. As the Bernese processes doubld TRF 2000, and the resulting difnces due to radome

differences we had to includelatst one further station

for each of the sites and periods listed in table 1. We selected

changes are independent of the reference frame realization.

Table 1: Analysed antenna radome configurations, station ID and processed periods in days of year

Station Period Involved Radome(s) Antenna Radome Configuration Change
BZRG 2000, 324344 LEIC/LEIS LEIAT 503 LEIC — LEIAT504 LEIS
EUSK 2001, 117141 DOME TRM22020.00 6P DOME — TRM29659.00
GOPE 2000, 196216 SNOW ASH701073 SNOW — TRM14532.00

2000, 268288 SNOW TRM14532.00 — ASH701946.22 SNOW
HOBU 2000, 095125 SNOW TRM23903.00 — TRM29659.00 SNOW
KARL 2001, 117141 DOME TRM22020.00 6P DOME — TRM29659.00
KLOP 2001, 117141 DOME TRM22020.00 6P DOME — TRM29659.00
LAMA | 2000, 266-294 SNOW AOAD /M_T — ASH700936F_C SNOW
ONSA 1999, 022043 DUTD/OSOD AOAD /M_B DUTD — AOAD/M_B OSOD
TRO1 1998, 343005 SNOW AOAD /M_T — ASH701073_1 SNOW

The main settings for and characteristics of all performed

adjustments can be summarised as follows:

- Modeling of the antenna phasenter variations according
to the IGS recommendations;

- No elevation dependent wetgig applied to fully exploit
the low elevation observations;

- Tropospheric delay prediction using theASTAMOINEN
(1973) zenith delay model and theeN. (1996) mapping
function, residual delays estimated for each two hours
interval.

- No troposphere gradientstiesated kecause of the
relatively small network extensions;

- Adjustment elevation angle cutoff varied from 10° to
20° in steps of 1°.

4. Results

The solution strategy outlined in the previous chapter yields
height estimates for the investigated antenna in both con-
stellations with and without radome in the same reference
frame. Thus, any significant differences between the resulting
heights as well as variations in the elevation angle cutoff

dependence can be assigned to the radomes, provided th

following assumptions hold for the processed time periods:

- There occur no changes in the antenna environment
affecting the height estimates, such as multipath;

- The relative vertical movements between the fiducials
and the radome station can be neglected;

- The radome site is not expogea@ny local effects causing
real vertical displacements.

In the sequel we present tbbtained results for most of
the analysed sites. The figures 1 and 2 display the height
estimates for BZRG and ONSA. Both stations have in
common that one radome type has been replaced by another.
At BZRG the apparent heigtdriation due to the replace-
ment of the conical LEIC by the spherical LEIS radome
is 10 mm from an adjustment with a 10° cutoff angle setting.
This offset increases by mdten 3 mm per degree cutoff
angle rise, mainly due to a strong dependence of the LEIC
results on the elevation angle.Wever, at BZRG also the
choke ring antenna has been changed from LEIAT503 to
LEIAT 504. The replacement of the DUTD by the OSOD
radome at ONSA yields about 14 mm offset between the
height estimates, and both configurations show almost no
elevation cutoff angle dependenitshould be noted, that

e ) )
we have no information on whwr or not the radomes at
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ONSA were covered by snow during the analysed period. Due to the correlations beéen zenith troposphere and
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Fig. 1. Height estimatesof BZRGfor the LEIATS03LEIC and
LEIAT504 LEIS antenna/radome configurations in
dependence on the elevation angle cutoff
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Fig.2: Height estimatesof ONSAfor the AOAD/M_BDUTD
and AOAD/M_B OSOD antenna/radomeconfigurations
in dependence on the elevation angle cutoff

station height parameters, large variations of height estimates
as a consequence of changihg elevation angle cutoff
might be absorbed by the estimated tropospheric zenith
delays. In order to verify tvhich extent this holds, we
display in figures 3 and 4 the total zenith delays resulting
for BZRG during each ten days of processing. The time
resolution of these estimates is two hours. The figures show
the results from adjustments with elevation angle cutoff
settings of 10° and 20° respectively for both the LEIAT503
LEIC (figure 3) and the LEIAT504 LEIS (figure 4) antenna-
radome configurations.

As the Bernese software pesses double differences and
as the distances between the fiducial sites and BZRG are
only a few hundred kilometers, theéiegted zenith delays
cannot be considered absolutdues. Therefore, it is not
worthwhile at all to analyse the time series. However, it
makes sense to look at systeimdifferences between the
10° and 20° solutions. In case of the LEIC radome attached
to the LEIAT503 antennathere appears a highly significant
bias of 14.7 £ 1.5 mm between both series. On the other
hand, the offset for the LEIS radome on the LEIAT504
antennais only 2.6 + 0.6 mm. These numbers clearly indicate
that the large height estimate variations associated with the
LEIC radome in dependence on the cutoff angle are indeed
reflected in the tropospheric zenith delays.
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Fig. 3: Total tropospheric zenith delay estimates at BZRG LEIAT 503 LEIC for 10° and 20° elevation angle cutoff

adjustments



100

EUREF Permanent Network - Developments and Applications

Elevation angle cutoffe

10° 20°

[m] [m]
245 Bias=2.6 £ 0.6 mm T24%
[¢)
2404 %% S0 +2.40
* °, *
. ** * ¢ g
- 0008 400 . o S 0&89 .
%00 80 o . © 0 O hd °© * ‘o, e
1 o8 G O B, ° %ot o}
A - ¢ .,
. o e, ° 9 %
¢ ;(: ° o ot
2351 ‘90603 N i ) OO0 ° s . Oo, +2.35
o o8 *, © ° . °
* .98 %860%‘ ¢ 06330‘ \
o 00 © 0
2.30 f f f f f f f f f 2.0

2000, days 335 - 344

Fig. 4: Total tropospheric zenith delay estimates at BZRG LEIAT 504 LEISfor 10° and 20° elevation angle cutoff

adjustments

Examples illustrating the effect of the Trimble radome
DOME onthe height estimates are givenin figures 5, 6 and
7. Allthree stations EUSKARL and KLOP were equipped
with the TRM22020.00 + GP antennas with radome which
have then been replaced by TRM29659.00 choke ring
antennas without radome. Thadtd offsets between the
two configurations from 10° ¢off angle adjustments are
27, 26 and 11 mm respectivelytiwstandard deviations

of less than one mm. All three figures demonstrate in
accordance witheach other the large elevation angle
dependence of the TRM 22020.00 + GP DOME configura-
tion amounting to 2.5 mm heigldriation per degree cutoff
angle change. This effect migidt be exclusively caused
by the DOME, the additional ground plane attached for fixing
the radome might also contribute by creating multipath

effects. The examples demonstrate agreement to a great

extent but suggest also soguperpositions by local effects.
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Fig.5: Height estimatesof EUSK for the TRM 29659.00 NONE
and TRM22020.00 + GP DOME antenna/radome con-
figurationsin dependence on the el evation angle cutoff
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Fig. 7: Height estimatesof KLOP for the TRM 29659.00 NONE
and TRM22020.00 + GP DOME antenna/radome
configurations in dependence on the elevation angle
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Fig. 6: Height estimatesof KARL for the TRM 29659.00 NONE
and TRM22020.00 + GP DOME antenna/radomecon-
figurationsin dependenceon thee evation angle cutoff
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The figures 8 and 9 show two examples demonstrating the 5, Conclusions

impact of the conical Ashtech radome SNOW, namely at
the stations GOPE and LAMA.
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Fig.8: Height estimatesof GOPE for the TRM 14532.00 NONE
and ASH 701946.22 SNOW antenna/radome con-
figurationsin dependence on theel evation angle cutoff
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Fig.9: Height estimatesof LAMA for the AOAD/M_T NONE
and ASH700936F_C SNOW antenna/radome con-
figurationsin dependence on theelevation angle cutoff

The results do not agree as nicely as in the case of the

Trimble radome. This holds also for the two other sites not
displayed here.

As regards GOPE, the reason may be a somehow worse

The performed analyses aimed at quantitatively assessing
the impact of antenna radomes on heighitrestes for a
number of EUREF stations. The results can be summarised
as follows:

- The analysis is based on the assumptions that during the
processed periods of a few weeks each neither the station
height itself nor the environmental effects change. The
results are also not sensitive to the reference frame realisa-
tion. Therefore, the estimated height variations can be
assigned to the antenna radomes.

- In general, radomes yield a lowering of the height
estimates compared to antenna setups without radome.
This holds for all analysedtss. The apparent height
change between the two canfrations depends mainly
on the radome type but to a certain extent also on the local
environment. In case of a 10° cutoff angle solution the
biases range from some mm to almost three cm.

- Compared to setups without radome, at least conical
antennaradomes tend to furtaect the height estimates
in dependence on the elevation angle cutoff. The rates
differ, but extreme values @ much athree mm per
degree cutoff angle variation occur.

- Asregards the EUREF permert network, analyses of
time series of height estimates may primarily suffer from
the different elevation anglcutoff settings applied in
the past by the analysis centers. Moreover, comparisons
with heights resulting fromther technigugshould con-
sider that height estimates of GPS antennas covered by
radomes do not refer to the plogd antenna reference
point.

References

BEUTLERG.,BROCKMANN E.,DACH R.,FRIDEZP.,GURTNER
W.,HUGENTOBLERU.,JOHNSONJ.,MERVARTL., ROTH-
ACHERM., SCHAERS.,SPRINGERT., WEBERR. (2000):
Bernese GPSsoftwareverson4.2. Astronomical Institute,
University of Berne.

BRAUN J.,STEPHENSB., RUUD O.,MEERTENSC. (1997):The
effect of antenna covers on GPS baseline solutions.
http//www.unavco.ucar.edu/sciem_tech/technology/
publications/dome_report/domeX5Freport-1.html.

tracking during both processed periods compared e.g. to ELOSEGUIP.,DAvIS J.L., JALDEHAG R.T.K.,JOHANSSONJ. M.,

the fiducial sites. In the case IobAMA the AOAD/M_T

antenna without radome has been replaced by an

ASH700936F _C SNOW because of its very poor perfor-

NIELL A.E.,SHAPIROL.I. (1995):Geodesy using the Global
Positioning System: The effect of signal scattering on
estimatesof stepodtion. J.Geophys. Res. 100, 9921-9934.

mance leading to a high loss of observations. Anyhow, also JALDEHAG R.T.K.,JOHANSSONJ.M.,RONNANGB.O.,ELOSEGUI
the SNOW examples show the systematic effect thatantennas P, DAVISJ.L.SHAPIROL.I., NIELL A.E. (1996a)Geodesy

with radome lead to lower height estimates than antennas

without. The dependence on #ievation angle cutoff agrees

in sign with the conical Trimble radome, but the rate is
smaller with about 1.0 to 1.5 mm per degree cutoff angle
variation.

using the Swedish permanent GPS network: Effects of
signal scattering on estimates of relative site positions.
J. Geophys. Res. 101, 17841-17860.

JALDEHAG R.T.K.,JOHANSSONJ.M.,DAVIS J.L.,ELOSEGUIP.
(1996b):Geodesy using the Swedi sh per manent GPSnet-
work: Effects of snow accumulation on estimates of site
position. Geophys. Res. Lett. 23, 1601-1604.



102 EUREF Permanent Network - Developments and Applications

JOHANSSONJ.M.(1998):GPSantenna and site effects. Inter- NIELL A.E. (1996):Global mapping functions for the atmo-
national Association of Geodesy Symposia 118, Springer sphericdelayat radiowavelengths. J. Geophys. Res. 101,
Berlin Heidelberg New York, 229-236. B2, 3227-3246.

KANIUTH K., STUBER K. (1999): Einfluss von Antennen- ROTHACHERM. (2002):Estimation of station heightswith GPS.
Radomen auf die GPS-Hohenbestimmung. Allgemeine International Association of @desy Symposia 124,
Vermessungs-Nachrichten 106, 234-238. Springer Berlin Heidelberg New York, 81-90.

KANIUTH K., STUBERK. (2002):Theimpact of antennaradomes SAASTAMOINEN J. (1973)Contribution to thetheory of atmo-
on height estimates in regional GPS networks. Inter- spheric refraction, part Il: refraction corrections in
national Association of Geodesy Symposia 124, Springer satellite geodesy. Bull. Geod. 107, 13-34.

Berlin Heidelberg New York, 101-106. SCHUPLER B.R., CLARK T.A. (2001): Characterizing the

behavior of geodetic GPSantennas. GPS World 12 (2),
48-55.



