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ABSTRACT

In this paper, a real-time on-board orbit determination algorithm using the high precise
orbit propagator is suggested and its performance is analyzed. Orbit determination
algorithm is designed with the Extended Kalman Filter. And it utilizes the orbit calculated
from the Pseudo-range as observed data. The performance of the on-board orbit
determination method implemented in the GPS-12 receiver is demonstrated using the
GNSS simulator. Orbit determination performance using high precise orbit propagator was
analyzed in comparison to the orbit determination result using ., orbit propagator. The

analysis result showed that position and velocity error are improved from 43.61 m(3 0) to
23.86 m(3 0) and from 0.159 m/s(3 o) to 0.044 m/s(3 o) respectively.
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Table 1. Reflectivity, absorption and radiation
pressure coefficient[10]
€ 1-€ CR= 1+e
Solar Panel 0.21 0.79 1.21
High-gain Antenna 0.30 0.70 1.30
Aluminum coated 0.88 0.12 1.88
mylar solar sail
Fundamental
Plane
Penumbra
p S/C
EIN V2
Penummbra
Fig. 5. Shadow Model : Dual Cone
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58 mdo|XE Average F10.70] AMEHZA| ¢
TH10]. Table 3o T8 H =A I} STK-HPOPY]
AR 2L HuEgal Table 20 24413 A=
Az AxE e AT

BA As) 4N A% Agd A9 94X A
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Table 2. Accuracy of Developed

High Precision

Orbit Propagator

On-board®l] #-&3}7]
A F7F wjEolth.

Position(m) Velocity(m/s)
Radial In-track Cross-track 5D Radial In-track Cross-track 5D
Range Range
Root Mean Square 0.01867 1.486453 0.104297 1.49022 0.00012 0.000143 0.000219 0.000146
Average 0.01579 -1.21602 0.002673 1.22416 712E-7 —-2.6E-05 1.04E-07 2.55E-05
Standard Deviation 0.00997 0.854894 0.104264 0.84981 0.00013 0.00014 0.000219 0.000144
Table 3. Items of High Precision Orbit Propagator
Orbit Perturbation Item Sub Item STK-HPOP SI-HPOP
Model EGM96 EGM96
Degree 70 70
Gravity Order 70 70
Solid Tides - -
Ocean Tides - -
Cd 1.2 1.2
Area/Mass Ratio (m"2/kg) 0.006 0.006

Atm. Density Model

The Harris—Priester

The Harris-Priester

Drag Density Model Density Model

Daily F10.7 - -
Average F10.7 150 -

Satellite Mass (kg) 300 300

Cr 1.2 1.2

Solar Radiation Pressure Area/Mass Ratio (m"2/kg) 0.006 0.006

Shadow Model Dual Cone Dual Cone
Sun O O
3'rd Body Gravity

Moon O O
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o AHEE F e AF AREE SRt e
2 1 Hz Y3 448 a7Ade B/
GPS-12 S/W+ Fig. 63} #°] RF As&5 F3
3l “d37](Correlator)o] 1 msec F712 FH3}
o BEE F53t1(Signal Processing Task) 100
msec F7]EZ RF 4l&& A3 F(Signal
Tracking Task) #AE Al4F#(Standard Position
Service, SPS) #AE ZA-E(Orbit Determination,
OD) 33ttt SPs =22 Htf 12719] SJAA ]
(Pseudo-range) ¢} 1 WEES AL & HLA
SHS o838t A7) fA ek =1
i, OD 242 FAl7]e] 9], = HEE A4
AEZ olgsto] g Zn FdH=E A= AAe
TPt A=E ALFske Z2(SPS, OD)°] ALk
AL B35 Ad ¢ Ax 2l wep F4
msec ~ T msec7}A] AQFE T olu, 4135
22 A% AMERG £ 94590013 1 msec

F712 Z2H7] W&o AsAe] 2Fe] 28}
HEIL ASAHY =
msec T2 ZTEFH

WOAE AY 2He 54
4 28 7okt v 1

- Signal Processing

- Data Dump

l Data Dump

Signal Tracking
- PLL and FLL
- Acquisition and Tracking
- Global and Local Search

l Code and Carrier Phase

Navigation Solution
- Pseudo Range and Rate
- Time, Position, Velocity

Time, Position, Velocity

Orbit Determination
- Optimal Orbit

gtk I Ay AlEZAE] Aol 9F 650 usec
oA ¢k 85 usecE o] ZHASAT 13 A=
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W3t Table 49} Zo] < 95 % A&
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Table 4. Time Consumption of Orbit Propagate
according to the Order and Degree

Gravity Before Optimization After Optimization o
Model of Signal Process of Signal Process °
10x10 660 msec 42 msec 94
20x20 1,912 msec 95 msec 95
40x40 4,500 msec 195 msec 95
70x70 8,762 msec 350 msec 96
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Fig. 6. Operation Sequence of GPS-12 S/W
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Table 5. Accuracy report of real time on-board orbit determination performance - nvironment
: GNSS simulator

Orbit Determination with J, Orbit Determination with HPOP
Radial In-track | Cross—track 3D Radial In-track Cross—track 3D
Range Range
Root Mean | Position(m) 24.95 7.07 332 27.08 6.17 8.42 2.09 10.67
Square Velocity(m/s) 0.048 0.04 0.028 0.051 0.008 0.019 0.005 0.017
Position(m) 18.89 -4.25 0.25 19.61 4.63 -6.89 0.02 9.55
Average
Velocity(m/s) 0.021 -0.009 0.0016 0.027 0.0033 -0.014 0.0001 0.014
Standard | Position(m) 7.89 473 331 8.04 381 5.01 2,08 477
Deviation Velocity(m/s) 0.043 0.039 0028 0.044 0.007 0012 0.005 0.01
Position Accuracy of OD - Environment : GPS Simulator
60
OD with J2 : RMS=21.19m
a0 ——OD with HPOP : RMS = 10.67 m

10

Velocity Accuracy of OD - Environment :

time

GPS Simulator

OD with J2 :

RMS=5.1 cm/s

=D with HPOP : RMS = 1.7 cm/s

Fig. 7.

10

12

time

14

Real time on-board orbit determination performance -

16

18

Environment :

20 22

GNSS

24

simulator
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