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ABSTRACT 

The commercialization of space, recent advances in spacecraft technology, and 

the exploration of distant extraterrestrial bodies have led to the need for 

increased autonomy in spacecraft operations. The highly nonlinear nature of 

spacecraft orbital and attitude dynamics complicates the design and analysis of 

autonomous controllers. These nonlinearities can be beneficial or detrimental to 

the motion of a spacecraft, which motivates the need for control techniques 

beyond linear feedback. In this talk, I will present model predictive control (MPC) 

approaches to spacecraft trajectory tracking that accommodate the nonlinearities 

of orbital mechanics. In particular, I will introduce an MPC-based approach to 

perform autonomous Geostationary Earth Orbit (GEO) and Areostationary Mars 

Orbit (AMO) station keeping, with extensions to spacecraft momentum 

management and control allocation. The second part of this talk will focus on the 

Hypersonic Configurable Unit Ballistic Experiment (HyCUBE) being developed at 

the University of Minnesota. HyCUBE is a low-cost, CubeSat-like spacecraft that 

will be deployed from low-Earth orbit and re-enter Earth's atmosphere at 

hypersonic velocities while acquiring valuable aerothermodynamic data. A key 

part of the HyCUBE mission is the ability to perform re-entry targeting of the 

vehicle using drag modulation. I will present an MPC-based drag modulation 

approach we have developed that leverages atmospheric density estimates to 

minimize the targeting error at the re-entry interface.  
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