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ABSTRACT

In this paper, a real time on-board orbit determination method using the extended
kalman filter is suggested and its performance is analyzed in the environment of the orbit.
Considering the limited on-board resources, the ]2 orbit propagate model and the GPS
navigation solution are used for on-board orbit determination. The analysis result of the
on-board orbit determination method implemented in DubaiSat-2 showed that position and
velocity error are improved from 7026 m to 2625 m and from 3.6 m/s to 0.044 m/s,
respectively when abnormal excursion errors is removed in the GPS navigation solution.
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Table 1. Initial orbit information

ltem Information
Epoch Time T; 2013.07.11 10:00:00
Semi—-major Axis a 6852.2 km
Eccentricity e 0
Inclination ) 97.3087 deg
Asscending Node (2 86.824 deg
Arg. of Perigee w 0 deg
Mean Anomaly M 0 deg

Power Supply

GPS Viewer Spacebome GPS Reciever GPS Simulator Scenario

Fig. 1. GPS test environment
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Table 2. Accuracy report of real time on-board orbit determination performance
- Environment : GPS simulator
Observed Data Orbit Determination Data

Radial In—track Cross-track Range Radial In—track Cross-track Range
Position RMS(m) 9917 10.718 1.729 14705 10.078 10.5724 1.6479 14.699
Velocity RMS(m/s) 0.148 0.081 0.063 0.103 0.026 0.021 0.019 0.022
Position AVR(m) -9.006 -10.523 0.257 14.447 -9.650 -10.459 0.0446 14.564
Velocity AVR(m/s) -0.0054 0.0159 -0.0053 -0.0089 -0.0073 0.0066 -0.0042 0.0032
Position STD(m) 4.1524 2.0384 1.7098 2.7410 2.907 1.5410 1.6473 1.9875
Velocity STD(m/s) 0.1484 0.0795 0.0632 0.1026 0.0255 0.0205 0.0186 0.0218

Position Accuracy - Range

Observation

—Determination

1000 2000 3000 anoo 5000

7000

sec

8000 9000 10000 11000 12000 13000

o5

wfs

05

Velocity Analysis - Range

Observation

—Determination

1000 2000 3000 4000 5000

7000

sec

8000 9000 10000 11000 12000 13000

Fig. 2. Real time on-board orbit determination performance - Environment :
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RIC(Radial, In-track, Cross-track) Z3EAlol o3|
Table 29} Fig. 3¢l YERH AT},

GPS simulator

Table 25 AHEW <AL Az ALk
GPs &3 9, £ Ad=+ 9F 147 m,
01 m/s RMSolx #A%E ZAA ZF 146 m, 0.02
m/s RMSO.2 &% HIUE7} 80% 7/HHE A
1T & Utk AR BEE FFe AA ¥
< o ® Hol=H Fig. 394 &<l 7}538k% o]
A= 44 A, & F 2% EF 92 HH| oF
14 m 9 #"polojZ(bias) 7} EA3H7] wiZolth
vlo]o) 2~7F Fg QA tiHl A7) WEe F
2t A A &7 RMS AlAF Al B 5] ]
o2 HAuFth Table 22 #<ls] B
2 ARG E £xo AUE 3o
Ql Zhedtdl He -0.0089 m/sel A
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Table 3. Accuracy report of observation data - Environment :

Position Accuracy - Range

Observation
~—Determination

600
400
) l |
3 . s
30 00 90 1200 150 1800 000 H00 m

sec

Velocity Accuracy - Range

25 -
— Observation

——Determination

L

sec

Fig. 3. Accuracy of observation data -
Environment : In—orbit

Azt o] &3ted GPs S A A 9
A ARANAM F 16 km, T HRHAA <F 20

m/s7HA AL BB E=§ AT o
50m7kA] 97k F7kska ThAl gHaste ool

EA = RS F2 7sst
g HAEE A= HAHZ FE3I Az AA
A5 Table 39 &7 Yel A= Table 3

gelel Ewl @5 JE ¥l RMS 7]Eo2 9
Ae o 65% HEE oF U% LA FAE
o 283 FFUAE AEEY A= oF 75%,

In—-orbit

Observed Data Orbit Determination Data

Radial In—track Cross—track Range Radial In—track Cross-—track Range
Position RMS(m) 44.63 50.89 18.86 70.26 14.07 19.31 5.04 24.42
Velocity RMS(m/s) 2.87 2.12 1.12 3.6 0.16 0.15 0.1 0.17
Position  AVR(m) 13.075 23.24 8.72 20.52 7.882 093 0.386 14.023
Velocity AVR(m/s) 0.323 0.202 0.114 0.903 0.0287 0.0126 -0.0017 0.0763
Position  STD(m) 43.99 33.24 31.27 52.22 13.43 14.15 5.02 12.67
Velocity STD(m/s) 1.244 0.721 0.455 1.648 0.118 0.0157 0.0167 0.0611
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Table 4. Accuracy report of real time on—board orbit determination performance

- Environment : In-orbit

60

40

20

2014.02.01 Orbit Determination Data Feb. 2014, Orbit Determination Data

Radial In—track Cross—track Range Radial In-track Cross-track Range
Position RMS(m) 24.012 18.0096 10.977 23.721 21.089 13.257 8.3009 26.256
Velocity RMS(m/s) 0.055 0.0267 0.03212 0.0403 0.046 0.0301 0.0277 0.0446
Position AVR(m) -15.41 1.3768 -0.1675 25.1547 -17.36 3.962 0.5445 23.798
Velocity AVR(m/s) -0.012 0.0023 -0.0015 0.0225 -0.0095 0.0016 -8.08E-05 0.0176
Position  STD(m) 10.251 14.291 7.90173 11.6584 11.973 12.651 8.2835 11.092

Velocity STD(m/s) 0.0423 0.0309 0.02544 0.0381 0.045 0.030 0.0277 0.041

Position Accuracy- RIC
80 <+ Radial =
—8—In-track

== Cross-track

/\"\ ——Range

-40

-60

80
100 200 300 400 500 600

700 800 900 1000 1100 1200 1300 1400

min

m/fs

100 200 300 400 500 600

Velocity Accuracy - RIC

700 200 900 1000 1100 1200 1300 1400

<+ Radial

_ =@=In-track

—d— Cross-track

Fig. 4. Real time on—-board orbit determination performance — Environment :

*301 HH" ZOO}D}L s 47184
T,':_L 7]]/\-] ;(41:‘— JJ—E.U]—U]— ].q_ 5\3{5} 31].%_
A wuE BAgstd gigs] & %
1.6km, £% : 20m/s)7} AR A% G
719] g kAol FFEAS YER
xolth. GPS AlEH ol 3AFdA A= 2
o} vl stH RMSo A 9] 91 AUE7}
o2 JAEHA=H oA HA Xé o] 1.6km
o 2 g & A7 A|AEC] RMS 4

o Htd® Aoz dAdHyg LL ofFE £
AT T3 GPS AlEdolEH A An
o o =ZA AAFEAG. GPS Fagsie] & 23t

In-orbit

&% AHo HUEE #H= A
321 m, 1.66 m/solil A= AA Az
2943 m, 015 m/sC2 YXE 8%, L& 904,
L2b7F ZHAEA T CE90 Aol A 2l 7he3t
%ol & A5 AT BF GPS AlE#ElHY
Ao} FASHA A9 AdE 7N
Zo] At

A F7 A 7AZE3 AAZF On-board A= AA
A 2="S 20149 1€ 209 ©]F DS-2 AFYA
o] GPS FAl71dl ZA-&stth 2014 2¢¥€ 1
GPS d3sls EAs|2W th3 Table 4, Fig. 4

- AT o
- F=



86 Hed  nES - YN - Y - A8 - o H B
Position Accuracy - Range 20 m/s o & 2 QA}7F AAFANIL 1 sec F719]

. GPs FalE HyH oz AHFE e TP
ao T AR 1&4% CE9 7|Zo =z *E‘—‘}%]-ﬁ 5)
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Fig. 5. 1 month accuracy of GPS navigation
solution — Environment : In-orbit
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