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Mission Design, Orbit Deployment, and Imaging Control of Satellite Constellation
for Earth Observation
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Thanks to recent technological developments, satellites are becoming smaller and less expensive. Accordingly,
space missions are shifting from missions with a single satellite to large—scale missions with multiple small
satellites. One form of satellite mission that fits this trend is satellite constellation. A satellite
constellation is a large-scale system in which multiple satellites continuously cover the entire Earth or
a specific area and conduct missions in coordination with each other. To effectively utilize the limited number
of satellites, this research focuses on the orbit design, initial operation, and actual mission operation
of satellite constellations for Earth observation. The research is constructed as follows:

In Chapter 1, the necessity of satellites’ Earth observation and the advantages of satellite constellations
are discussed. Then, previous studies on each phase of the satellite constellation missions are introduced
and the purpose of this research is stated

As a mission planning phase of the constellation mission before launch, Section 2 proposes an optimal
constellation design method for Earth observation using Interferometric Synthetic Aperture Radar (InSAR)
Orbit requirements for InSAR observation, repeating Sun—synchronous orbit, are formulated using Kepler orbital
elements. Then, the mission evaluation criteria of the constellation are formulated as objective functions
of the optimization problem. Then, the constellation design problem is constructed as a mixed integer
programming problem. The metaheuristic optimization method derives optimal constellation configurations for
multiple mission scenarios. The novelty of this study lies in its ability to design optimal solutions that
adapt to complex mission—specific conditions, such as non-uniform target placement

In Chapter 3, the initial operation phase of the mission is considered. By changing the satellite attitude
or rotating the solar panel properly, the effect of the atmospheric drag can be adjusted, and the desired
orbital maneuver can be achieved. A fuel-free in—plane constellation deployment method using atmospheric drag
is considered here. First, analytical in—plane deployment models are proposed, consisting of trajectory models
of the satellites’ cross—section and orbit parameters. Then, its accuracy is verified through the numerical
simulation. A new orbit control method for the in—plane constellation deployment is proposed using the
analytical model. The desired maneuver trajectories are updated by regularly re-calculating the analytical
maneuver model according to the current orbit state, and the satellite executes the desired cross—section
and orbit trajectories. Numerical simulations verify the validity of the proposed method.

In Chapter 4, actual mission operations are focused on. A new optimization method for efficient Earth
observation scheduling is proposed. The optimization problem is formulated as the iterative mixed-integer
programming problem to observe more targets more precisely. Also, a low—cost maneuver calculation law for
CMG-equipped satellites is proposed. The relation between the magnitude of the angular momentum and the maneuver
time is formulated, and the minimum maneuver time is obtained through the golden—-section search. The validity
of the proposed maneuver calculation method is verified through numerical simulation. Using this method in
the optimization process, highly accurate and reliable mission scheduling is achieved

Finally, Chapter 5 summarizes the results of this research

These results provide a theoretical basis for solving technical issues in all phases of satellite constellation
missions for Earth observation, from design to operation. This research is an essential step towards an Earth

observation system that can acquire better data faster and more often.
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