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[Abstract]

In this paper, scripts for estimating the reference orbits of navigation satellites were developed and their performance was analyzed as a
preliminary study for the development of the Korean GPS precise orbit determination technology. The JPL Flinn AC's data processing strategy
was applied and Linux-based scripts were developed using GIPSY-OASIS. For the analysis of the accuracy of the estimated reference orbit,
the precise orbit provided by the international GNSS data center was used as the truth. As a result, estimated satellite coordinates showed
almost exactly same patterns and trends with the reference precise orbits, and their differences are in the range of +2 cm. The average error
between the two orbits was less than 1 c¢m in the 3D direction, while the standard deviation was also at 1 cm. From these, we found that the

developed scripts have excellent performance in precise orbit determination.

Key word : Global navigation satellite system, Global positioning system, Precise orbit determination, Reference orbit
estimation, GIPSY-OASIS.
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Table 1. Latency and accuracy of JPL orbits.

Type Latency Accuracy (cm)
Ultra-rapid <2 hours 5
Rapid 16:00 of next day 35
Precise <14 days 2.5

GIPSY-OASIS7|Et GPS MY H = F3

# 2. JPL Flinn AC2| GNSS At=x2| Mz2f
Table 2. GNSS Data processing strategies at JPL Flinn AC.

Description Processing strategy
Software GIPSY-OASIS 6.3
Measurement models
Outliers and cycle slip detection
Preprocessing Screened for data gaps, Reference sites chosen

Decimated to 5 minutes, Smoothing to 5 minutes
Undifferenced ionosphere-free carrier phase, LC

Undifferenced ionosphere-free pseudorange, PC
Elevation cutoff angle: 7°
Sampling rate: Sminutes
Data weight, LC: 1 cm
Data weight, PC: 1 m
Weighting: sigma2=1/sin(e)

Basic Observable

Modeled Undifferenced LC, PC combination
observable CA-P1 biases from CODE applied
Phase rotation Applied
correction

ARP eccentricity dN, dE, dU eccentricities from IGS sinex file

ground antenna

phase center PCV model from igs08_wwww.atx applied

receicver antenna and radome types from IGS sinex

calibration
A priori model: wet and dry from GPT2 model
Troposphere Mapping function: GPT2
Estimation: zenith delay and horizontal gradients
1st order effect: removed by LC and PC combinations
Tonosphere

2nd order effect: modeled

Plate motions | Sation velocity model applied for a priori positions

Solid earth tide: IERS 2010 Conventions
Permanent tide: not removed from model, so not in
estimated site coordinates
Pole tide: IERS 2010 Conventions
Tidal Ocean tide loading: diurnal, semidiurnal, MF, and
MM model: GOT4.8ac
semidiurnal: IERS2010 Self-consistent equilibrium
model

Ocean pole tide loading: applied
Atmospheric pressure, ocean botton pressure, surface

hydrology: not applied
TERS 2010 Conventions

Non-tidal loading

Earth orientation

Parameter
Satellite center of

mass correction
Satellite antenna

phase variations
Relativistic

corrections
GPS XMl =22

Phase conters offsets from igs08 wwww.atx applied

igs08_www.atx PCV model applied

IPeriodic clock corrections and gravity bending applied

GYM95 nominal yaw rate model and
yaw rates estimated form Block II satellites

Orbit models

EGM2008 12x12
C20, C30, C40, C21, S21 from IERS2010 standards

3-body JPL DE421

Block II/ITA/IIR: JPL empirical SRP, GSPM13 model
Earth shadow model: conic model
Earth albedo: applied

Attitude model: GYM95 yaw motel
Solid earth tides: IERS 2010 Conventions

Ocean tides: GOT4.8ac
Solide earth pole tide: IERS 2010 conventions
Ocean pole tide: IERS 2010 conventions
IPoint mass of earth, geodesic precession, lens-thirring
precession: applied
Variable hagh order Adams predictor-corrector

Geopotiontial

Solar radiation
pressure

Tidal forces

Relativity

Numerical

Integration arc length: 30 hours centered at 12:00 of each day
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Table 3. Mean and maximum coordinate errors between
estimated and precise orbits for three hours

from the start of analysis.

SVN Mean error (cm) Maximum error (cm)
X Y Z X Y Z

41 0.0 -0.7 -0.8 1.6 0.1 -0.2
43 -1.4 0.6 -0.1 0.1 1.8 0.5
44 -0.5 -0.2 0.4 0.2 0.5 1.1
45 0.8 14 0.1 1.3 2.1 0.4
46 0.0 -2.3 -0.4 0.9 -0.7 0.6
47 1.3 0.3 1.0 2.2 1.3 1.7
48 3.8 -0.3 -3.0 9.1 4.1 -1.1
50 0.4 -2.4 0.4 0.7 -2.0 1.2
51 0.3 1.6 0.5 24 2.8 0.7
52 1.2 0.5 -0.4 1.3 1.3 -0.2
53 0.6 0.4 0.0 0.8 0.9 0.1

55 -0.5 0.9 0.9 -0.2 1.5 1.5
56 -0.9 1.2 -1.6 -0.1 1.8 -0.6
57 -0.9 -1.4 -1.1 -0.3 -0.6 0.5
58 1.7 0.0 1.3 2.0 0.4 1.6
59 -0.1 0.2 -0.1 0.4 0.3 0.2
60 -3.1 -0.1 -2.3 -1.9 0.7 -1.4
61 0.1 -0.7 2.2 0.4 0.2 2.6
62 -0.3 -2.8 2.3 0.1 -0.9 2.9
63 -1.3 -1.0 -1.2 0.0 0.6 -0.1
64 2.7 -2.3 -0.3 6.3 0.9 0.2
65 0.0 -0.7 1.5 0.4 0.4 32
66 -0.5 -1.9 -1.3 0.5 0.2 -0.6
67 1.7 -0.8 -0.3 4.8 -0.3 0.3

68 -0.1 2.2 -1.3 0.4 -1.6 -0.7
69 -1.2 -1.2 0.2 -0.4 0.2 0.5

70 0.0 1.2 -1.3 0.8 1.5 -0.7
71 -0.2 0.2 -1.5 0.8 0.9 -0.3
72 -1.5 0.2 -0.4 -0.1 0.5 0.2
73 0.6 1.8 0.2 1.8 2.3 0.6
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Table 4. Mean and maximum coordinate errors between
estimated and precise orbits.

oF HYUUT N

SVN Mean error (cm) Maximum error (cm)

X Y X Y Z

41 0.2 0.1 0.3 0.6 1.1 0.8

43 -0.4 -0.2 -0.2 0.8 1.1 0.7

44 0.3 -0.3 0.2 1.2 1.5 0.9

45 -0.2 0.5 -0.4 1.8 1.6 1.7

46 0.1 0.0 0.3 14 14 0.9

47 0.7 0.5 0.9 1.2 14 0.8

48 0.4 0.4 0.1 1.7 1.7 1.5

50 -0.6 0.3 0.1 1.0 1.5 1.5

51 -0.3 -0.5 0.3 0.8 1.2 0.4

52 0.8 -0.2 0.4 0.6 1.0 0.8

53 -0.1 -0.1 0.1 0.8 1.0 0.9

55 -0.2 0.0 0.2 0.8 1.0 0.9

56 0.0 0.3 -0.1 0.7 0.9 0.7

57 -0.4 0.6 0.7 0.7 1.4 0.8

58 0.2 0.0 0.5 0.8 0.9 0.9

59 -0.4 0.0 -0.2 1.0 0.6 0.8

60 -0.3 0.1 0.0 1.5 0.5 1.2

61 -0.1 0.1 -0.1 0.6 0.8 1.4

62 -0.1 -0.2 0.3 0.5 14 1.1

63 0.1 -0.1 0.3 1.0 1.0 0.9

64 -0.1 -0.3 0.3 1.3 1.3 1.1

65 -0.5 -0.3 0.2 0.9 1.1 0.8

66 0.0 -0.3 -0.1 0.6 1.3 0.6

67 0.1 -0.1 -0.4 1.2 0.7 0.8

68 0.0 -0.4 -0.1 0.5 0.9 0.8

69 0.0 0.3 1.0 1.1 1.4 0.9

70 0.3 -0.1 0.1 0.7 1.0 0.8

71 -0.1 0.3 0.3 0.9 0.7 0.9

72 -0.5 -0.3 -0.4 1.0 1.1 0.4

73 -0.3 0.0 -0.2 1.1 1.4 0.7
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