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Analysis of the Effectiveness of Space Object Collision Avoidance
through Nano-Satellite Attitude Maneuver
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Abstract

This study analyzed the effectiveness of orbital change through attitude change in nano—satellites operating
in low Earth orbit (LEO) without thrusters, focusing on collision avoidance maneuvers. The results revealed
that changes in the satellite’s cross—sectional area significantly impact its in—track direction, influenced by
the aspect ratio of cross—sectional area change and mission altitude. Notably, satellites at lower altitudes
demonstrated significant reduction in collision risks with a small amount of attitude change. Through this
study, it is judged that the changing the cross—sectional area through attitude maneuver is a sufficiently
suitable method in the operation of nano—satellites without thrusters, and is expected to contribute to

improving the safety of satellite operations in the New Space era.
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Fig. 1. Nano-satellite types [1].
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Fig. 2. Nano-satellite approximate orbits after launch [1].
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Fig. 3. Effect of attitude maneuver: The minimum distance can be increased by altering the

altitude through an attitude maneuver. The object labeled in red represents the approaching
risky object, while the object labeled in yellow shows the satellite's position before maneuver,
and the object labeled in green indicates the satellite's position after maneuver. The yellow

ellipsoids around the objects represent the uncertainty in their locations.
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Table 1. Simulation setup: This simulation aims to evaluate how effective attitude maneuvers
are. It does so by measuring the change in the satellite's position before and after performing
the maneuver. During the simulation, various factors are varied: the cross—sectional area of

the satellite, the mission altitude, and the duration of the attitude maneuver

Area (m?) 0.01, 0.06,0.16
Altitude (km) 400-800 (step size: 10)
Duration (sec) 300-86,400 (step size: 300)
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Fig. 4. Shape example of 3U nano-satellite (C3S electronics development).
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Table 2. Propagator setup

Perturbation Value
Gravitational force EGM2008 (21 x 21)
Atmosphere model Jacchia—Roberts (Constant F10.7 = 150)
Solar radiation pressure Dual cone
Third body Sun, Moon
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Table 3. Orbit elements of primary and secondary objects (orbit epoch time: 1 Jan 2024
00:00:00 UTC)

Coord. J2000 Primary Secondary
Semi-major axis (km) 6,778.000 6,777.712
Eccentricity 0.00000 0.00034
Inclination (deg) 98.000 68.029
RAAN (deg) 360.000 10.390
Arg. of perigee (deg) 0.000 203.423
Mean anomaly (deg) 360.000 149.727

UTC, coordinated universal time.

Table 4. Conjunction assessment results of before attitude maneuver

TCA (UTC) 3 Jan 2024 12:06:15.649
Minimum range (km) 0.0537
Maximum collision probability 1.9787E-03
Radial distance (km) -0.0510
Intrack distance (km) -0.0157
Crosstrack distance (km) 0.0061

TCA, time to closest approach; UTC, coordinated universal time.

BEFORE RIC

Time (UTCG): 3 Jan 2024 12:06:15.649
Radial (km): -0.051006
In-Track (km): ' -0.015794
cross-Track (km): : ' 0.006089
Range (km): 0.053741

Fig. b. Visualization for conjunction event for primary and secondary object. UTC, coordinated

universal time.
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Fig. 6. Orbital difference over time in RIC coordination. RIC, radial, intrack, crosstrack; UTC,

coordinated universal time.

Table 5. Conjunction assessment results of before and after attitude maneuver

Before attitude maneuver After attitude maneuver

TCA (UTC) 3 Jan 2024 12:06:15.649 3Jan 2024 12:06:15.675
Minimum range (km) 0.0537 0.3596

Maximum collision
1.9787E-03 2.2178E-05
probability

Radial distance (km) -0.0510 —0.0543
Intrack distance (km) -0.0157 0.3434
Crosstrack distance (km) 0.0061 -0.0920

TCA, time to closest approach; UTC, coordinated universal time.
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AFTER RIC

Time (UTCG): 3 Jan 2024 12:06:15.649
Radial (km): -0.054308
In-Track (km): 0.369642
Cross-Track (km): 0.006020
Range (km): 0.373659

Fig. 7. Visualization for conjunction event for primary and secondary object (‘Before’ means
primary object without attitude maneuver and ‘After’ means primary object with attitude

maneuver). UTC, coordinated universal time.
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Deviation(km) by Attitude Maneuver Duration and Mission Altitude
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Fig. 8. Deviation according to mission altitude and attitude maneuver duration (AR = 0.125).

AR, aspect ratio.
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Deviation(km) by Attitude Maneuver Duration and Mission Altitude
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Fig. 10. Deviation according to mission altitude and attitude maneuver duration (AR = 2). AR,

aspect ratio.
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Fig. 11. Monthly variation of the observed and predicted (underlined) values of the sunspot

numbers and F10.7 cm index [9].
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