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A Novel Composite Model Predictive Control Method Based on
Neural Network for Hypersonic Vehicles
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(School of Electronic and Information Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: A novel composite model predictive control method based on neural network is
proposed for a constrained hypersonic vehicle (HV) in the presence of external persistent
disturbances and restriction of asymmetric constraints. Firstly, a stable polyhedral invariant set
is constructed based on multiple discrete points of velocity and height of HV, and the ability of
the set to deal with asymmetric constraint is used to limit asymmetric constraints of control
signals and angle of attack. A nominal predictive controller for the nominal longitudinal
theoretical model of HV without external persistent disturbances is designed. Secondly. an
adaptive neural network disturbance observer is designed, and the observer is used to estimate the
disturbances in loops of velocity, angle of attack and pitch rate. An auxiliary compensation
controller of the nominal predictive controller is appended to effectively attenuate the influences of
external persistent disturbances. Simulation results show that when HV is affected by persistent
disturbances and limitation of asymmetric constraints, the proposed method guarantees the
tracking errors for altitude and velocity to converge into sufficiently small ranges of 10™* km and
107" km/s, respectively, while the tracking errors from the uncompensated control methods are
oscillating in large amplitude.
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