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INTRODUCTION
recise geodetic measurements using GPS

require accurate calibrations of the antennas

being used. These calibrations must provide the location

of the LI and L2 phase centers with respect to an exter-

nal and physical feature of the antennas so that the vec-

tor determined during the solution can be related to

permanent physical structures that preserve the integri-

ty of the position. The phase calibrations must also

describe how the LI and L2 phase centers change as a

function of direction to the satellite. These phase center

variations (PCV) are especially important when different

antenna types are used at either end of a baseline.

Longer baseline solutions usually include some estima-

tion of the effect of the troposphere. An uncalibrated

antenna will introduce a phase change with satellite ele-

vation that will be combined with the naturally occur-

ring tropospheric change with elevation resulting in

erroneous tropospheric values and significant height

errors. If identical antenna types are used, the calibra-

tion effects will not cancel out during differential meas-

urements when earth curvature causes large elevation

angle differences to the same satellite from either end of

the baseline.

The National Geodetic Survey (NGS) has calibrated

a large number of GPS antennas suitable for geodetic

work (Mader, 1999). These calibrations have all been

relative to the same reference antenna because the

technique employed does not allow the absolute cali-

bration of individual antennas to be determined. Nev-

ertheless, these calibrations have come into wide use
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because they effectively remove the PCV between dif-

ferent antenna types, allowing different antenna types

to be mixed together with minimal effect on height in

local and regional networks. However, these relative

calibrations are insufficient for baselines long enough

for earth curvature to produce significant elevation dif-

ferences as is usually encountered in global networks.

These long-baseline networks require absolute phase

calibrations.

A method for determining absolute GPS antenna cal-

ibrations has recently been described and used to pro-

vide calibrations for a number of commonly used geo-

detic antennas (Wiibbena et al., 2000). In this paper,

baseline results using these absolute calibrations will be

compared to those using the relative calibrations deter-

mined by NGS.

COMPARING RELATIVE AND ABSOLUTE PHASE
MEASUREMENTS
The complete list of relative antenna calibrations com-

pleted by NGS may be viewed at the NGS website

(h t tp : / /www.grd l .noaa .gov /GRD/GPS/Pro jec t s /

ANTCAL/). The absolute phase patterns have been

measured by a collaboration of two groups of

researchers from the Universitat Hannover and the

Geo++ company in Garbsen, Germany. For brevity, the

relative antenna calibrations will be referred to as the

NGS calibrations and the absolute calibrations as the

GEO calibrations.

GEO calibrations were provided for the following

antennas identified by their IGS antenna nomencla-

ture: AOAD/M_T, TRM22020.00+GP, TRM14532.00,

TRM33429.00+GP, ASH700700.B, LEIAT303+RD, LEIAT504,

LEIAT502. All these antennas were calibrated by NGS sev-

eral times between 1995 and 1999. The GEO calibrations
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were provided in the standard NGS format, which

describes the PCV as a function of elevation only.

The first test used the NGS calibration data for this

set of antennas. This data consists of 24-h RINEX files for

a 5-m baseline between a reference antenna (AOAD/

M_T) and the test antenna taken at the NGS test facility

in Corbin, VA. The location of the antenna reference point

(ARP) of the test antennas is accurately known through

repeated measurements over the years during which

antenna calibrations have been done at Corbin. For this

initial comparison, this short baseline was computed

twice using all available 24-h data sets for each antenna.

The first computations used the NGS calibrations and the

second used the GEO calibrations. The calibrations are

obtained from an external file, which was modified to

include the GEO calibrations under a set of distinct

names. Except for this change in phase center offsets and

PCV; the solutions were identical. The data was processed

as ionosphere-free, ambiguity-fixed solutions with no

tropospheric estimation. All solutions were done using

the NGS PAGES software.

The second test used the same data from the test

antennas, but now used station CODE, located at the

Goddard Space Flight Center, in Greenbelt, MD, about

100 km away. For this longer baseline, the solutions were

again ionosphere-free and ambiguity-fixed; however, a

tropospheric scale height factor was now estimated.

The primary dimension affected by the phase cen-

ter offsets and the PCV is the height. Consequently,

only the height component is discussed in this compar-

ison. Horizontal differences between the two sets of

calibrations were negligible. The heights and height dif-

ferences for all these solutions are summarized in Table

1. This table shows the heights in mm for each of the

measurement days for each antenna using the GEO and

NGS calibrations for the short Corbin baseline and the

long CODE baseline. The heights for the Corbin base-

line are with respect to the repeatedly measured height,

which is assumed to be true. The height at the Corbin

test pier as seen from CODE was measured using

twelve 24-h data sets for which there was an

AOAD/M_T antenna on the test pier matching the

antenna at CODE. This baseline was measured using

the NGS calibrations and the GEO calibrations. Since

identical antennas were used at both ends of the base-

line, the two solution sets were identical as expected.

These measurements established the "true" height at

Corbin for the CODE baseline used in Table 1. Differ-

ences between these heights and the means are also

shown in Table 1.

An examination of Table 1 shows that the NGS

heights at Corbin are generally within a few mm of the

correct height. This would be expected since this is the

same data that was used to produce the NGS calibrations,

although the solutions were parameterized differently for

these tests. The Corbin solutions using the GEO calibra-

tions yield heights that are a few mm below the NGS val-

ues for most of the antennas. The exceptions are the

ASH700700.B and the LEIAT502, which are approximate-

ly 12 and 14 mm lower. It is possible that there is a differ-

ence in identifying the ARP on these two antennas, which

could account for these large differences. Nevertheless,

considering that this data is particularly advantageous

for the NGS calibrations, the agreement seems to be very

good in spite of the small bias downward and these two

exceptions.

Since the comparison on the short Corbin baseline

did not compute a tropospheric scale height correction,

the PCV of the two calibrations were employed only to

adjust the heights of the phase centers. On the longer

baseline to CODE, the tropospheric scale heights are

adjusted and differences in the PCV will be much more

pronounced. The NGS calibrations show a downward

bias of about 5 to 10 mm for the TRM22020.00+GP, the

TRM33429.00+GP, the ASH700700.B, and the LEIAT502

compared to the height found using identical choke-ring

antennas at both ends of the baseline. Using the GEO cal-

ibrations yields a downward bias for all three Trimble

antennas that is about 6 to 8 mm greater than the bias

with the NGS calibrations. A similar bias does not appear

for the LEI303+RD or the LEIAT504 antennas for which

both calibrations are in excellent agreement. The biggest

discrepancies are once again for the ASH700700.B and

the LEIAT502. The mean differences of -16 and -47 mm

indicate that the GEO PCVs for these antennas are prob-

ably not correcting completely for the antenna phase

change with elevation. If this is the case, the faulty PCV

may also explain the differences seen on the short base-

line. Efforts are underway to examine these differences

more closely.

SUIMARY
This limited comparison shows that there may be a sys-

tematic effect in the absolute Trimble calibrations that

produces a downward bias with respect to the relative

calibrations. No such systematic effect occurs for two of
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TABLE 1 I
BMMMMMMM^̂ ^̂ HH

Height Differences (mm) Using NGS and GEO Calibrations on Short and Long Baselines

CORBIN - 5 m BASELINE
ANTENNA

TRM22020.00+GP

TRM14532.00+GP

TRM33429.00+GP

ASH700700.B

LEI303+RD

LEIAT504

LEIAT502

YMUr

95/096
96/061
96/080
96/104
mean

95/101
96/052
mean

97/203
97/21 1
97/221
97/224
97/226
97/228
97/268
mean

97/128
97/130
97/235
mean

97/137
97/140
98/097
98/101
mean

99/028
99/030
mean

99/124
99/126
mean

SEB

-4.8
-3.1
-3.5
-3.4
-3.7

-1.9
-2.3
-2.1

-2.5
-3.1
-2.3
-3.8
-3.1
-3.1
-4.1
-3.1

-11.2
-11.4
-12.5
-11.7

1.9
1.5

-5.7
10.6
2.1

-4.1
-2.7
-3.4

-13.1
-15.5
-14.3

NGS

-0.7
0.8
0.4
0.3
0.2

0.4
-0.6
-0.1

0.0
-0.3
0.4

-1.1
-0.4
-0.4
-1.1
-0.4

-3.8
-3.9
-4.9
-4.2

3.0
2.6

-4.6
11.7
3.2

-2.5
-1.1
-1.8

-1.7
-4.3
-3.0

DIP.

-4.1
-3.9
-3.9
-3.7
-3.9

-2.3
-1.7
-2.0

-2.5
-2.8
-2.7
-2.7
-2.7
-2.7
-3.0
-2.7

-7.4
-7.5
-7.6
-7.5

-1.1
-1.1
-1.1
-1.1
-1.1

-1.6
-1.6
-1.6

-11.4
-11.2
-11.3

GODE- 100 km BASELINE
GEO

-23.9
-11.7
-13.2
-15.1
-16.0

4.7
-19.3

-7.3

-8.7
-17.3

-9.8
-20.7

-6.9
-4.6

-13.5
-11.6

-27.8
-23.9
-16.1
-22.6

-5.4
9.1

-8.9
0.7

-1.1

4.4
5.8
5.1

-49.3
-51.3
-50.3

NBS

-18.0
-5.0
-6.5
-9.4
-9.7

13.5
-12.4

0.6

-2.0
-10.3

-3.3
-13.9
-0.2
2.2

-6.9
-4.9

-11.7
-7.8
-0.3
-6.6

-3.6
10.9
-7.0
2.6
0.7

4.0
5.6
4.8

-2.3
-3.9
-3.1

OIF.

-5.0
-6.7
-6.7
-5.7
-6.0

-8.8
-6.9
-7.8

-6.7
-7.0
-6.5
-6.8
-6.7
-6.8
-6.6
-6.7

-16.1
-16.1
-15.8
-16.0

-1.8
-1.8
-1.9
-1.9
-1.8

0.4
0.2
0.3

-47.0
-47.4
-47.2

the three Leica antennas tested, which are in excellent
agreement. It may be worth pointing out that the two
antennas that have the largest discrepancies
(ASH700700.B and LEIAT502) using the absolute calibra-
tions are also the physically smallest antennas and possi-
bly the most susceptible to multipath effects. While the
multipath is identical for the NGS and GEO solutions
done here, and hence is not a factor for these compar-
isons, the role of multipath in determining the absolute
and relative calibrations may need to be reexamined.
While some anomalies are apparent, these absolute cali-

brations are generally consistent with the previously
determined relative calibrations.

The estimation of these absolute antenna calibra-
tions is a major step toward improving the accuracy of
global GPS solutions for both networks and orbits.
Absolute calibrations are necessary to account for the dif-
ference in elevations caused by the earth's curvature over
long distances. Wiibbena et al. (2000) have demonstrated
on a short baseline the ability of their absolute calibration
for the AOAD/M_T antenna to correct for the effect intro-
duced by earth curvature by tipping one of the antennas
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