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Satellite precise orbit determination with ionospheric-free strategy using

triple-frequency observations
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Abstract: As the development of global navigation satellite system (GNSS), GNSS satellites transmitting
multi-frequency signals has become a prevailing trend. However, recently the international GNSS service
(IGS) analysis centers still use dual-frequency (DF) observations to derive the orbits, clocks and other
products. The additional observations from the third frequency are not considered. We use two DF
ionospheric-free (IF) combinations as the observation model, the improvements from the third frequency on
orbits, clocks and station positions are assessed. In the carrier phase observation model, the satellite-
dependent time-invariant and time-variant components are introduced. The two DF IF observation equations
are re-parameterized to make the clock parameter aligned to the IGS clock products, and then the full-rank
TF observation model is derived. Based on the strategy of building up extra wide lane, wide lane and
narrow lane double-differenced ambiguities, the TF ambiguity resolution (AR) method is deduced. First
taking 12 GPS Block IIF satellites as example, three precise orbit determination (POD) schemes, the L1/1.2
DF IF POD (denoting as S1), the L1/L5 DF IF POD (denoting as S2), the L1/L2 and L1/L5 TF IF POD
(denoting as S3), are processed in two station layouts. Results show that the S3 scheme in two station
layouts can obtain the optimal precision. The orbit improvements of S3 with respect to S1 in cases of even
and uneven distribution are within 10% and about 10% , respectively. The improvement of clocks RMS is
slight, while STD is improved by 6.4% and 10.0%. The improved percentages of S3 vs. S2 are about less
one times than that of S3 vs. S1, with the improved percentage of about 5%. Then the BDS-only POD test is
processed and the orbits are validated by satellite laser ranging residuals. Results show that comparing
with B1/B3 POD, the orbit and clock accuracy of TF POD can be improved. However, the improvement of
TF POD comparing to B1/B2 PQOD is slight or even worse. The possible reason is the inaccuracy antenna
phase values.

Key words: precise orbit determination; triple-frequency; ambiguity resolution; ionospheric-free combination
Foundation support: The National Natural Science Foundation of China (Nos. 416740165 41704035;
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Tab.1 Averaged precision of orbits, clocks and station positions (global even)

Bl /mm bh % /ns I35 AV B/ mm
W32k 14 29 53 A

R T N 3D RMS STD N E U 3D

Sl 21.5 50.6 59.5 81.9 0.2143  0.1010 5.7 10.1 16.1 19.9

S2 19.7 48.7 55.7 77.6 0.2092  0.096 8 5.2 9.3 15.8 19.1

5 S3 19.6 48.1 55.5 77.0 0.2097  0.0959 4.9 9.0 15.3 18.4
S1/S3 8.8% 4.8% 6.7% 6.1% 2.1% 5.1% 13.6%  10.5% 5.0% 7.3%

S2/83 0.7% 1.1% 0.5% 0.8%  —0.3%  0.9% 5.6% 2.9% 3.6% 3.7%

S1 10.7 15.2 17.1 25.7 0.1879  0.0395 4.7 4.6 14.2 15.7

S2 10.3 14.9 17.2 25.4 0.1820  0.037 7 4.2 4.6 14.7 16.0

[ 52 figt S3 10.3 13.9 16.0 24.0 0.1842 0.0370 4.2 4.4 13.5 14.9
S1/S3 4.3% 8.5% 6.2% 6.7% 1.9% 6.4% 10.2% 4.3% 5.0% 5.5%

S2/S3 0.6% 6.7% 6.8% 5.6%  —L12%  1.8% 1.1% 4.5% 7.7% 6.9%

T2 BB HEMNBCENTEHBE(EKARHS)
Tab.2 Averaged precision of orbits, clocks and station positions (global uneven)
B3/ mm Bl 2% /ns 3 7 &/ mm
Wl AR 3y ) 43 A

R T N 3D RMS STD N E U 3D

S1 50.7 110.8 129.3 179.5  0.3222  0.224 3 7.5 11.8 16.0 21.5

S2 48.8 105.0 123.7 171.1  0.3159  0.2188 6.3 10.3 15.3 19.7

T RS S3 47.9 103.3 121.1 167.8  0.3088  0.207 9 6.3 10.3 15.3 19.8
S1/83 5.4% 6.8% 6.3% 6.5% 4.1% 7.3% 15.9%  12.0% 4.5% 8.0%
S2/S3 1.8% 1.7% 2.1% 1.9% 2.2% 5.0% 0.6%  —0.9% 04%  —0.2%

Sl 32.0 53.6 62.5 89.2 0.2645 0.1516 5.9 7.4 15.1 18.2

S2 28.9 48.5 56.5 80.9 0.2545  0.1439 5.8 6.3 13.8 16.5

[ 7€ fift S3 27.5 46.0 53.7 76.8 0.2524  0.1365 5.4 5.7 13.6 15.9
S1/S3 14.0%  14.2%  14.0%  13.9% 4.6% 10.0% 8.8% 23.4% 9.7% 12.5%

S2/S3 4.6% 5.2% 4.8% 5.0% 0.8% 5.1% 7.3% 10.3% 1.7% 3.8%
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xR3 BDSERGFENHNRE.HETHBE
Tab.3 Averaged precision of orbits and clocks for BDS-only POD results

B/ mm Bl 2% /ns
R T N 3D RMS STD
Sl 90.0 158.7 162.2 250.6 1.6357 0.297 6
S2 97.2 162.8 169.1 261.0 1.6448 0.322 0
IF S3 91.8 160.9 164.7 254.4 1.638 7 0.302 1
S1/S3 —2.0% —1.4% —1.5% —1.5% —0.2% —1.5%
S2/S3 5.6% 1.2% 2.6% 2.5% 0.4% 6.2%
S1 84.7 80.2 79.5 145.3 1.596 1 0.244 8
S2 94.0 89.8 87.4 161.2 1.605 6 0.267 6
[i5] 7€ fift S3 85.0 80.7 79.2 145.3 1.597 8 0.246 7
S1/S3 —0.3% —0.6% 0.4% 0.0% —0.1% —0.8%
S2/S3 9.6% 10.1% 9.4% 9.9% 0.5% 7.8%
4 4FBDSTEHEWHEFHBEER SLR ERER
Tab.4 Averaged precision of orbits and clocks, and SLR comparing results for 4 BDS satellites
B/ mm B2 /ns SLR %% 2 /mm
A YIS
R 3D RMS STD mean STD RMS
S1 98.8 157.9 1.055 1 0.252 3 —57.0 87.8 104.4
S2 107.0 166.7 1.053 4 0.274 0 —72.5 87.0 112.9
€08 S3 100.1 158.5 1.063 6 0.256 7 —58.3 89.0 106.1
S1/S3 —1.3% —0.4% —0.8% —1.7% —2.1% —1.4% —1.6%
S2/83 6.4% 1.9% —1.0% 6.3% 19.6% —2.3% 6.1%
S1 75.8 129.9 1.3123 0.205 8 —53.6 54.4 76.0
S2 80.9 138.2 1.307 2 0.2211 —61.0 60.4 85.4
C10 S3 74.5 128.9 1.302 7 0.203 4 —57.0 51.6 76.5
S1/S3 1.7% 0.8% 0.7% 1.2% —6.3% 5.1% —0.8%
S2/S3 7.9% 6.7% 0.3% 8.0% 6.5% 14.6 % 10.4%
S1 53.5 120.9 0.877 3 0.248 3 —13.3 53.2 54.7
S2 69.7 150.4 0.928 8 0.269 6 —15.1 52.5 54.5
C11 S3 56.8 116.4 0.890 8 0.252 4 —12.1 51.3 52.6
S1/S3 —6.2% 3.7% —1.5% —1.7% 9.3% 3.6% 3.9%
S2/S3 18.5% 22.6% 4.1% 6.4% 20.3% 2.3% 3.6%
S1 101.8 168.8 0.684 5 0.284 8 —16.1 80.7 81.9
S2 114.2 182.3 0.685 9 0.306 9 —29.4 85.1 89.7
C13 S3 102.0 169.0 0.693 7 0.289 1 —14.7 80.9 81.9
S1/S3 —0.2% —0.1% —1.3% —1.5% 8.8% —0.2% 0.1%
S2/S3 10.7% 7.3% —1.1% 5.8% 50.1% 4.9% 8.7%
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