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Decomposed Output Feedback Predictive Control for
a Flexible Hypersonic Vehicle

Hu Chaofang, Liu Xinyue
(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: For a flexible hypersonic vehicle subjected to parametric uncertainty and disturbance, an event-triggered
decomposed output feedback tube model predictive control (Tube-MPC) method is proposed. First, the uncertain
nonlinear model was developed as a linear parameter-varying (LPV) model with an additional lumped disturbance,

and a Luenberger observer was designed for unmeasurable flexible states. To determine the boundary of the observa-
tion error, an iterative algorithm was proposed to obtain a convex observation error invariant set. Then, this set was
combined with a convex disturbance set to form an augmented error invariant set. Accordingly, the decomposed ob-
server, nominal, and reference models were designed. Based on the vertices of the convex set, the predicted state
tube was represented as a Minkowski sum of decomposed sub-tubes. Then, auxiliary and nominal feedback control-
lers of the sub-tubes were designed to ensure the asymptotic stability of each sub-tube, and the stability of the entire
system was confirmed. As the number of decomposed sub-tubes was proportional to the prediction horizon, a strategy
was proposed to reduce the sub-tube control input constraints to ensure that predictive control sequence satisfied the
constraints. In the auxiliary feedback error system of the sub-tube, the sub-control sequence was solved using the
linear matrix inequality (LMI) , and the control constraints were reduced according to the historical sub-control se-

quence at each time step. For the nominal error system of the sub-tube, the nominal control constraint was tightened
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using the convex set vertices. The control gain was solved and the actual control sequence was obtained using the

Minkowski sum. Moreover, to reduce computational load and conservatism, an event-triggered mechanism was

designed based on the observation error invariant set. This mechanism determined the observation error invariant set

corresponding to the flexible observation error by calculating the invariant set sequence offline and by matching the

rigid observation error and the invariant set online. When the invariant set changed, the augmented error invariant set

and control gains were updated. Finally, the simulation results demonstrate that the proposed method effectively im-

proves the control performance and efficiency of the flexible hypersonic vehicle under uncertainty and disturbance.

Keywords: flexible hypersonic vehicle; tube model predictive control (Tube-MPC) ; event-triggered; convex ob-

servation error invariant set
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