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ABSTRACT

This study presents the performance analysis of real-time orbit determination and prediction for navigation message

generation of Regional Navigation Satellite System (RNSS). Since the accuracy of ephemeris and clock correction in navigation
message affects the positioning accuracy of the user, it is essential to construct a ground segment that can generate this
information precisely when designing a new navigation satellite system. Based on a real-time architecture by an extended
Kalman filter, we simulated orbit determination and prediction of RNSS satellites in order to assess the accuracy of orbit and
clock prediction and signal-in-space ranging errors (SISRE). As a result of the simulation, the orbit and clock accuracy was at 0.5

m and 2 m levels for 24 hour determination and six hour prediction after the determination, respectively. From the prediction
result, we verified that the SISRE of RNSS for six hour prediction was at a 1 m level.
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2. ORBIT DETERMINATION AND
PREDICTION METHOD

2.1 Introduction of Ground Segment of RNSS
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Fig. 1. Conceptual figure of ground segment of regional navigation
satellite system.
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2.2 Real-time Orbit Determination and Prediction
Algorithm
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Fig. 2. Representation of an extended Kalman filter for real-time orbit determination and prediction.
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3. PERFORMANCE ANALYSIS OF ORBIT
DETERMINATION AND PREDICTION OF
RNSS
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Fig. 4. Architecture of the real-time orbit determination and prediction simulation.

Table 1. Reference orbital elements of RNSS (Jan 1, 2025 00:00:00).

. 1GSO
Orbital element svI sv3 SVa  SVs  SV6 V7
Semimajor axis [km] 42164 42164 42164 42164 42164 42164
Eccentricity 0 0 0.075 0.075 0.075 0.075
Inclination [°] 0 0 43.0 43.0 43.0 43.0
Right ascension of ascending node [°] - - 218 128 38 308
Argument of Perigee [°] - - 270 270 270 270

True anomaly [°]

228.92  268.90

188.90 108.10 188.45 271.00 11.25

Table 2. Dynamics model used in the simulation.

Truth model Filter propagation model Reference
Geopotential EGM 96 (60x60) EGM 96 (12x12)
Third-body DE405 (Moon, Sun) DE405 (Moon, Sun) Standish (1998)
Solar radiation pressure  ECOM, conical shadow ECOM, conical shadow Yu etal. (2018)
Tides IERS 2010, FES2004 Petit & Luzum (2010)
General relativistic IERS 2010 - Petit & Luzum (2010)
Earth orientation IERS C04 IERS C04 Bizouard et al. (2017)
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sho 2 HA1517] 918 TUEE W oo} ejEeF 2o o] 7AlF
2 A5t 9] ZFAIZLS Chun et al. (2019)0] AQFSH 12
7he] AT $12) 5, FU) AL Cho et al. (2020)0] HQHeH 6
N R A E2e] 1312 Bastel Fig. 39} 2ol 5 18749
HASE BRI Thite 2o @ 914d 9] #l== Kim et al.
(2018)0] Akt 37]129] GEO 14, 47121 IGSO $ido= 4%
Table 13} o] 5 7719] FHSIA A wietolel 2Eslol 2
elsloiet.

& AFellMs DA AI=/AIA 23 Algdleld e Fig 49
e PR AN TSIl Sl Table 2= A8

ol A B8t Al St 2] gigh JRE 2T Aol
o & AFelME A FEAGY A=E FEHAAN 7T
ST Aol dFol Fatt HeHl AFTHHEY, 23
eope] 39, lopRANrS TSkl AR AT w1 9
_1

o #7459l 4

]

https://doi.org/10.11003/JPNT.2023.12.2.167

Table 3. Averaged orbit difference between truth model and filter
propagation model.

Orbit difference (3D) [m]

Prediction time [hr] GEO 1GSO
2 0.01 0.01
4 0.02 0.02
6 0.04 0.04
12 0.13 0.16
24 0.20 0.34

GNSS Service (IGS)olA HEEE= GEO I IGSO ¢JAlo] Aw
A o] 44 em 420] FEES AL Park et al. (202)] 2
T2 B8 Aotk of Fold HPEAlt nde Hud vy
9l ECOM3} 9% 132 e Agsle] 2 831943, 16302}
GEO $1439] BlaFEAl} A4 217k QZSSe} BeiDou 14 9]
1GS 4 AEE rluko s T 2ajo] Baalaln). eorEaietel
A4S EE5= WL Yu et al. (2018)o)| 4] AHA|5HA] Eels 4~
o1ct. Table 3¢ 2kgk 2o} T st meo] At Alzbo] whe
917) =pol 2 Liekd Aotk sl $1%] Aol 27] $1x19} =
7} & wo] A, 24417 A3t A] GEO $147}1GSO 14 4
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Table4. Observation model and settings used in the simulation.

Models and settings
Observations Tonosphere-free linear combination of pseudorange smoothed by carrier phase
Frequency L1,12
Sampling time 60 sec
Determination interval 24 hour
Prediction interval 6 hour
Mask angle 5°
Satellite clock error Atomic clock model; ¢, =3x107 s, g, =5x10"" 5™ (Galleani 2008)
Receiver clock error Atomic clockmodel; ¢, =2x107" s, ¢, =4x107 s (Galleani 2008)

Tonospheric delay error  Eliminated by ionosphere-free combination
Tropospheric delay error  Black model

Tropospheric delay noise 1st order Markov Process (Yun et al. 2014) X D |:| |:|
Receiver noise Gaussian random (function of elevation angle) (Jin 199

Smoothing Hatch Filtering with K=100

Initial bias Position: 1 km, Velocity: 10 m/s in random directio

Allan deviation of GPS and RNSS satellite clocks Tropospheric delay noise

10'12 £
E
g 10'13 "
s
k<l
3
X g
c 10"k G02 Block IIR (Rb) e
o G03 Block IIF (Rb) S
< G04 Block Il (Rb) oo
GO05 Block [IR-M (Rb)
1045 L Simulated RNSS 4
e -15
———— 7—1/2
2
10—16 n n 1
10’ 102 10° 104 25
. C 0 5 10 15 20
Fig. 5. Allan deviation of GPS and simulated RNSS satellite clocks. Time [hr]
(b) Receiver noise (L1 pseudorange)
3 0.20 m, 0.34 me] x}o]7} el T} 25
Table 4% ¥ 1ol 4] mei3h B welo] thek HHE :

Rl Aoltt. 53] Y31 A= AJA bl tiaiAle
Galleani (2008)2] €42} AlA| B & Fgslo] BASIGIT g
2] AJA 9] - AR TatrlE g, 5 2T ER AA 7
oVl 2ulE AlAlek AT Al Al S4TF GA1H
BASISITt. Fig. 5& AR GPS $14 AlAl2} Al &8 0]413F RNSS
A AAY 5 Adwel §4& YEl= Allan deviationg H]
3} Jafio|c}, GPS YAl A1A1 9] Allan deviation2- 1GS€)

30z 744 AU AlA HolelE ZEsto] EASHIT AlEe] Y

151 RNSS €14 AJAI2} GPS €14 AJAI¢] Allan deviationo] -8 o5

AP FHEILES 21% 4 Uk Fig 62 AlZeold 24 C = ®

z] o] & Oz} AABS [eR=3 2= goa 2= 0O

Ao} 8 o4 o= Hehd 2oz, o Ess HFE 2 Fig. 6. Time history of measurement errors; (a) Tropospheric delay noise, (b)
S BASE 0] 3 9] ko] 23} oAlA T S A9 e 2 Receiver noise of L1 pseudorange.

Lpebdicy, Al B2o]4 A7k 21 20259 19 19 (UTC), 60

A glolElE ol 438519 1, AT AF F+7HE GEO ¢ Table 5. Setting variables and values in the extend Kalman filter.

AT =2 PSES) T =7]0 Al7ho 2 AA51od =
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Orbit Determination and Prediction Result of GEO Satellites (SV1-3)
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Fig. 7. Time history of orbit and clock errors and estimated standard deviations of GEO RNSS satellites. Blue and red indicate determination and prediction,

respectively; (a) SV1, (b) SV2, (c) SV3.
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Orbit Determination and Prediction Result of IGSO Satellites (SV4-7)
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Fig. 8. Time history of orbit and clock errors and estimated standard deviations of IGSO RNSS satellites. Blue and red indicate determination and prediction,
respectively; (a) SV4, (b) SV5, (c) SV6, (d) SV7.
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Fig.9. Averaged orbit and clock errors of RNSS satellites from 30 trials of simulation; (a) averaged RMS error in the last 12 hour intervals in 24 hour
determination, (b) averaged magnitude of error after 6 hour prediction.
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Fig. 10. Averaged signal-in-space ranging errors (SISRE) of RNSS based on the prediction from 30 trials of simulation; Blue and orange indicate GEO and IGSO

satellites, respectively.
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Table 6. Averaged signal-in-space ranging errors (SISRE) of RNSS.

L SISRE [m]
Prediction time [hr] 1GSO_1GSO
0 0.05 0.05
2 0.33 0.32
4 0.59 0.63
6 0.92 0.93
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