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Abstract

The positioning accuracy of GNSS surveys deteriorates due to various error factor, and many users sometimes
ignore Phase Center Variation (PCV) of antennas. IGS provides an ANTEX file which contains PCV correction
information to correct for PCVs. But it is not directly applicable because PCV correction information is provided at
S-degree intervals in the azimuth and elevation directions for the case of receiver antennas, and at 1-degree intervals
in the nadir angle for the case of satellite antennas. So, we devised new and optimal ways of interpolating PCV in
any desired line of sight to the GNSS satellite. We used spherical harmonics fitting methods in terms of the azimuth
and elevation angle for interpolation, and found an optimal degree and order. It is shown that the best accuracy was
obtained from the 8 by 8 spherical harmonics. If one requires lower burden on computing resources, the order and
degree less than 8 could produce resonable accuracy except for 1st and 5th order.
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Figure 1. The PCV values of receiver antenna
(TRM14177.00 GPS L1)
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Figure 2, The PCV values of satellite antenna(GPS
PRN 02 [SVN 61])
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Table 1. The receiver antennas using for analysis of PCV correction information

GNSS Antenna Model Radome Manufacturer g(f)sr:; \//ag;:f /(nlljmp;
mison | v | e |0 09 0
01 : 1.05 / -0.12 / 90.51
GPS ASH701945E_M NONE Ashtech goz - 0.02 ; 0.58 //1919.01
AV GRANTGIT | NONE | e G0 10 7155 465
JAVRINGANT DM | NONE | Jvad ROZ + 028 7007 7 115
GLONASS|  TRM57971.00 NONE Trimble Eg; (1)(1); ; &362//5:.67;7

RO1 : 0.19 / 0.23 / 90.99

TRM29659.00 NONE Trimble RO2 : 4),31// 0.00//91290.40
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Table 2, The RMSE for each degree of the receiver antennas

(a) GPS

Antenna TRM57970.00 ASH701945E M JAV_GRANT-G3T
Frequency L1 L2 L1 L2 L1 L2

Ist order 18.00 mm 11.43 mm 196.78 mm 118.41 mm 19.45 mm 6.36 mm
2nd order 0.45 mm 1.11 mm 0.62 mm 0.35 mm 0.94 mm 2.02 mm
3rd order 0.54 mm 1.77 mm 0.50 mm 0.33 mm 0.85 mm 1.51 mm
4th order 0.98 mm 0.54 mm 0.22 mm 0.91 mm 0.70 mm 0.82 mm
5th order 2.03 mm 5.80 mm 0.68 mm 0.37 mm 1.74 mm 1.59 mm
6th order 0.24 mm 0.14 mm 0.17 mm 0.08 mm 0.23 mm 0.49 mm
7th order 0.02 mm 0.03 mm 0.03 mm 0.04 mm 0.05 mm 0.08 mm
8th order 0.01 mm 0.01 mm 0.01 mm 0.01 mm 0.00 mm 0.01 mm
9th order 0.10 mm 0.03 mm 0.06 mm 0.06 mm 0.04 mm 0.04 mm
10th order 0.01 mm 0.02 mm 0.01 mm 0.01 mm 0.02 mm 0.01 mm

(b) GLONASS

Antenna JAVRINGANT DM TRM57971.00 TRM29659.00
Frequency L1 L2 L1 L2 L1 L2
Ist order 208.80 mm 120.26 mm 59.20 mm 82.06 mm 208.25 mm 126.91 mm
2nd order 0.66 mm 0.39 mm 0.25 mm 0.31 mm 0.69 mm 0.36 mm
3rd order 0.62 mm 0.37 mm 0.20 mm 0.22 mm 0.69 mm 0.33 mm
4th order 0.34 mm 0.26 mm 0.28 mm 0.23 mm 0.15 mm 0.56 mm
5th order 2.55 mm 0.40 mm 1.38 mm 2.14 mm 2.30 mm 0.26 mm
6th order 0.15 mm 0.14 mm 0.11 mm 0.09 mm 0.19 mm 0.23 mm
7th order 0.04 mm 0.09 mm 0.04 mm 0.04 mm 0.03 mm 0.03 mm
8th order 0.01 mm 0.09 mm 0.04 mm 0.02 mm 0.01 mm 0.01 mm
9th order 0.06 mm 0.19 mm 0.11 mm 0.83 mm 0.05 mm 0.04 mm
10th order 0.02 mm 0.10 mm 0.12 mm 0.10 mm 0.01 mm 0.05 mm
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Figure 3. The PCV restoration errors of the receiver antennas for each degree
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Table 3. The RMSE and max error for each degree of
the GPS receiver antenna(TRM57970.00 L1)

RMSE Max error
(a) 4th order 0.98 mm 1.79 mm
(b) 6th order 0.23 mm 0.73 mm
(c) 8th order 0.01 mm 0.15 mm
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