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Relative Navigation Study Using Multiple PSD Sensor and Beacon
Module Based on Kalman Filter
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Department of Aerospace Engineering, Chungnam National University™”

ABSTRACT

This paper proposes Kalman Filter-based relative navigation algorithms for proximity
tasks such as rendezvous/docking/cluster-operation of spacecraft using PSD Sensors and
Infrared Beacon Modules. Numerical simulations are performed for comparative analysis of
the performance of each relative-navigation technique. Based on the operation principle and
optical modeling of the PSD Sensor and the Infrared Beacon Module used in the relative
navigation algorithm, a measurement model for the Kalman filter is constructed. The
Extended Kalman Filter(EKF) and the Unscented Kalman Filter(UKF) are used as
probabilistic relative navigation based on measurement fusion to utilize kinematics and
dynamics information on translational and rotation motions of satellites. Relative position
and relative attitude estimation performance of two filters is compared. Especially, through
the simulation of various scenarios, performance changes are also investigated depending on
the number of PSD Sensors and IR Beacons in target and chaser satellites.
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Step 2: Time Update
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Table 1. EKF Simulation Case Step 4: Measurement Update
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Table 2. Relative Position Estimate
Simulation initial condition

Target Satellite | Chaser Satellite
Inial 0 0,0 tml | Do, 0, 10 Im]
Position
Initial
Atitude [0, 0, O] [deg] [0, 0, 0] [deg]
PSD Sensor Beacon Module
- 1 Beacon: - 1 PSD:
[-0.5, -0.5, O] [-0.5, -0.5, O]
Position |- 2 Beacon: - 2 PSD:
[0, 0.5, O] [0, 0.5, Q]
- 3 Beacon: - 3 PSD:
(20) [0.5, -05, 0 | [05 -05, 0]
Case 1: PSD 2 & Beacon 1 sV

on 0 f‘
,~wu M s,
0 fr sz B #, xe‘;ww CoN

Z-Axis Errorfm]  Y-Axis Error [m]  X-Axis Error [m]
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Fig. 9. Relative Position Estimation
Error Simulation Result
(PSD: 2, Beacon: 1)

Figure 9% PSD 4lA 2dl, H]& EE 1U&
o] &% Aol A7 FA4 AlEHAY AE U
Bl ez ol

XY Z 4 5 wagored L A5
YE = RMS Q3= Table STJr Zom AAE
?H 7]340 /\Eﬂ ]O oﬂ/\l— 7] 2
Blo] ZEAN o uled3h g}gi 7] o)

Table 3. PSD 2, Beacon 1 Relative Position

Simulation
RMS Error ) ) )
. X-axis y-axis z-axis
algorithm
Stereo Vision 0.2764m | 0.2778m | 0.8776m
EKF 0.2061m | 0.2049m | 0.8323m
UKF 0.1968m | 0.1952m | 0.7889m
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Fig. 10. Relative Position Estimation
Error Simulation Result
(PSD: 3, Beacon: 1)

Table 4. PSD 3, Beacon 1 Relative
Position Simulation

RMS Error ) ) )
. x—axis y-axis z-axis
algorithm
Stereo Vision 0.1859m | 0.1898m | 0.5980m
EKF 0.1312m | 0.1368m | 0.6010m
UKF 0.12256m | 0.1272m | 0.5419m
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Table 5. PSD 3, Beacon 3 Relative
Position Simulation

RMS Error ) ) )
algorithm x-axis y-axis z-axis
Stereo Vision 0.1554m | 0.1550m | 0.5138m
EKF 0.0802m | 0.0787m | 0.2901m
UKF 0.0722m | 0.0700m | 0.2635m
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Fig. 12. True Relative Attitude Motion
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Case 1: PSD 2 & Beacon 1
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Fig. 13. Relative Attitude Estimation
Error Simulation Result
(PSD: 2, Beacon: 1)

Table 6. PSD 2, Beacon 1 Relative
Attitude Simulation

RMS Error

algorithm ¢ 0 ¥
EKF 1.0215°
UKF 0.9241°

2.5375°
2.4621°

0.7191°
0.6690°
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Case 2: PSD 3 & Beacon 1
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Fig. 14. Relative Attitude Estimation
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Table 7. PSD 3, Beacon 1 Relative
Attitude Simulation

RMS Error

algorithm ¢ 0 ¥
EKF 0.7069° 0.5896° 1.4946°
UKF 0.6886° 0.5880° 1.3746°
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Fig. 15. Relative Attitude Estimation
Error Simulation Result
(PSD: 3, Beacon: 3)

Table 8. PSD 3, Beacon 3 Relative
Attitude Simulation

RMS Error
algorithm ¢ 0 ¥
EKF 0.4843° | 0.4925" | 0.9131°
UKF 0.4771° | 0.4849" | 0.8409°
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