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Performance Analysis of Kalman Filter Based KOREASAT

Orbit Determination
Bongkyu Park* and Taesung Ahn*

ABSTRACT

In this paper, detailed analysis on orbit determination algorithm based on extended
Kalman filter which is expected to be applied to Koreasat 3 operation more frequently, is
performed. First, an orbit determination algorithm based on conventional Extended Kalman
Filter is designed. And the Kalman filter parameters for Koreasat tracking system are
sclected from the test running using simulated tracking data input designed to have very
similar statistical characteristics to Koreasat tracking data. And then the performance of the
Kalman filter has been analyzed from the performance comparison with the batch filter
based orbit determination results considering the intermittent tracking and maneuvering
situation. Feasible approaches to mutual compensation of two filters are proposed.
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Table 1. Koreasat Tracking Data Variance

399 3% | wud =D
Range 0.00698 [km]
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azln A delHg 54& HWE T3t
A 87 Slske] ez g g FgAe B¢
244 A Ae oldte w3t AME3IA
o g By FHdCHe &4H &
A A7 AR E(degree) TYE F o)A},

(@8 D3 (38 v A9 PUE AHEEA
Fo FAHCIHY A& RAF3 vk AA
FAHYT 3oz Y4 FHuEHT 49
3] FAE EA4E RS 4 U FEAE
o] 4l0]A @& ¥ WAEHE |83 F
g€ gholth

(& 2= 44" 73 FHdCIHSY FAZR]
E4E BT Qv

L. ZobEe xi2lojelo] Me

gegEe A2 deolHE A48T o A
e 5E ¥ 4 AT A7A HuHe 4
Bse QATEA ZIR(P, ) TEAM F

FAE(Q 283 FHFS FRVRMR)E 9
@t & d7dMe AEd 29 gavHE
AAE7] gt gel A AAG 2HZL FEA
e ol 88t A FAulEE AT O
+ EHE FY3d $& FPERE s
setvlg gE Ad=Egch spdel 33 dolH
5 AHEE olfre ellAM AFE uhe} 2ol A
3 dolHe e FepEsd dAUE &
7h §17] Wil dH e 34 AnE Hrisr|zt
olgE el A7) wWEelh

198.69

198.68 e
/ .\E!‘
19867 . T
i )

/I/ m—;ﬂm;‘.
ook v i
198.63 :\_...A

0

198.86

Azimuth(deg)

198.85

2.0x10 4.0x10* 6.0010" 8.0x10*
Elapsed Time(sec)

Fig. 1. Koreasat tracking data(azimuth)

Table 2. Simulated Tracking Data Variance
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Azimuth 0.00499 {deg]
Elevation 0.00480 [deg]

198.68

198.67 4 A/\\Ku.
\
198.66 | o
v,
198,85

-
8- Estimated \!
198.64 -~
Nt
198.63 ~ ——&
198.62

Azimuth(deg)

T T v
0.0 2.0x1¢" 4.0x10° 6.0x10° B.Ox1Q
Elapsed Time(sec)

Fig. 2. Simulated tracking data(azimuth)
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Table 3. Inputs for tracking data generation

Py 2713k
Epoch Time 1997/7/2-00:00:00
Semimajor Axis(km) 42165.593
Eccentricity 2.174E-4
Inclination{deg) 2.481E-3
pncening Nodelde) 70
Argument of Perigee (deg) 126.534
Mean Anomaly(deg) 311.788
Effective Area(m’) 11.0
Satellite Mass(kg) 706.4
Absorptivity 0.66
Specular Reflectance 017

Table 4. Inputs for obrit determination

e hihin Z71%
Epoch Time 1997/7 /2-00:00:00
Semimajor Axis(km) 42165.794
Eccentricity 2.170E-6
Inclination(deg) 2.957E-6
Right Ascension of
Ascending Node(deg) 315133
Argument of Perigee(deg) 129.397
Mean Anomaly(deg) 311.593
Effective Area(m?) 7.0

Table 5. Measurement noise variance

o ki Ak @4

Range 0.00614 [km]
Azimuth 0.00499 [deg]
Elevation 0.00480 [deg]

Table 6. Variance of initial state

kb FArgk @4
Semimajor axis 0.1 [km]
Eccentricity 0.0001 NA
Inclination 0.1 [deg]
Rght focenson o’ | 01| ey
Argument of Perigee 01 [deg]
Mean Anomaly 01 {deg]
Effective Area 0.1 Jm?]

Table 7. Pocessor noise variance

o ik Ak \atal
Semimajor axis 1.0e-9 [km]
Eccentricity 1.0e-9 NA
Inclination 1.0e-9 [deg]
Right Ascension of
Ascending Node 1.0e-9 [deg]
Argument of Perigee 1.0e-9 [deg]
Mean Anomaly 1.0e-9 [deg]
Effective Area 1.0e-20 [m?]
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Fig. 3. Position estimation error
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Table 8. Inputs for tracking data generation

AZAIZE | I av

aoordy | FEAR AT e
07/02-00:00:00 | 07/03-00 Ranging,
07/03-03:38:11 N/S [ 0.0,0.0,104.0
07/04-00:00:00 | 07/05-00 Ranging
07/05-21:18:21 E/W 1] 0.0,-551,00
07/06-09:16:23 E/W 2! 0.0,4.02,0.0
07/07-00:00:00 | 07/08-00 Ranging
07/11-00:00:00 | 07/12-00 Ranging
07/12-08:02:26 E/W 1| 0.0,-3.09,00
07/12-20:00:28 E/W 2| 00,-1.950.0
07/13-00:00:00 | 07/14-00 Ranging
07/16-00:00.00 | 07/17-00 Ranging

Table 9. Maneuver data for orbit determination

A 7H1997d)| 97 | aVem/sec}| o( 4V)[em/sec]
07/03-03:38:11| N/S | 0.0,0.0,124.0 1.0, 1.0, 1.0
07/05-21:18:21{E/W 1| 0.0,-6.01,0.0 0.1, 61, 01
07/06-09:16:23;E/W 2] 0.0,3.02,0.0 0.1, 0.1, 01
07/12-08:02:26| E/W 1| 0.0,-3.59,0.0 0.1, 0.1, 0.1
07/12-20:00:28 E/W 2| 0.0,-1.55,0.0 0.1, 0.1, 0.1
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Fig. 12. Velocity estimation error
(simulated tracking data)
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Fig. 13. Semi—major axis estimation error
(simulated tracking data)
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Table 10. Koreasat tracking data

—— AZAIZE | FEAT 9= av

Erapsed Tima(aay) 1997d) | (1997'd) | fem/sed]
07/02-06:00:14 | 07/03-04:05:06 | Ranging

Fig. 15. Velocity estimation error 07/03-03:38:11 E/W 0.0,-2.30, 0.0
(simulated tracking data) 07/04-08:14:15 | 07/05-06:07:17 | Ranging
07/09-00:28:36 | 07/09-22:08:43 | Ranging

07/06-09:16:23 E/W 0.0,-353, 0.0
05 E@ 07/11-10:21:31 | 07/12-08:08:17 | Ranging
4 ; —— Kalman Filisr 07/14-00:08:47 | 07/14-22:06:10 | Ranging

Table 11. Maneuver data for orbit

' determination

./‘I“ A ZH1997d) |45 | AVIem/sec] | o( 4V){em/sec]
7/03-03:38:11 | N/S| 0.0,-2.30,0.0 01, 0.1, 0.1
7/05-21:18:21 |E/W| 0.0,-3.53,0.0 01, 0.1, 0.1

or Axis Eror{km)

mima;

~0.24

WA I RuP AvL vlololx g AB
Fig. 16. Semi-major axis tracking data ol &3le 433 ZMYUEH =HANRE X9
(simulated tracking data) 2}, £5 e, ANALLA} BHAA wixPE
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2 o of M 193 2o 9XeAY A$e uFE A9

Lt :IE?IOIEIE o| g% THHES X A km GRS SAE ARE T & Fm A=
s 23 WFHoZ 1.5 cm/sec o) Ela Ay
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Table 12. Initial states for orbit

determination
dHHF Z 73k H) 31
. 1997/07/02
Epoch Time 06:00:14.00 s
Semimaijor Axis(km) 4.2165458E+4 %]117‘,}2}
Eccentricity 2.060E-4 =
Inclination(deg) 6.874E-4 g 3]
Right Ascension of 335.865 ()
Ascending Node(deg) ) W)
Argument of Perigee(deg) 105.277 v
Mean Anomaly(deg) 45,283
Effective Area( mz) 150 e
Satellite Mass(kg) 706.4 n
s
Absorptivity 0.66 % le]T
Specular Reflectance 0.17

Table 13. Antenna bias for estimation

npeloj2: gk A
&4 hagee | ORGP
ZIA)
Range[km] 0.8868 1.1948
Azimuthfdeg] 0.005 0.005
Elevation[deg] 0.028 0.030

Elapsed Time{day}

Fig. 17. Position estimation error
(flight data, bias A)
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Fig. 18. Velocity estimation error
(flight data, bias A)
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Fig. 19. Semi-major axis estimation error
{flight data, bias A)
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Fig. 20. Position estimation error
(flight data, bias B)
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Fig. 21. Velocity estimation error
(flight data, bias B)
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