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Abstract: To address the uncertainties associated with hypersonic vehicles, a novel composite
control strategy that integrates optimal control, backstepping control, and an extreme learning
machine (ELM) disturbance observer is proposed. To reduce the complexity of the controller
design, the longitudinal model is decoupled into a velocity subsystem and an altitude subsystem.
For the velocity subsystem, a linearized model is constructed through error state transformation,
and an optimal feedback control law is designed based on a quadratic performance index. The

altitude subsystem adopts a backstepping control framework, where optimal quadratic regulation
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theory is introduced in the first virtual control step to enhance dynamic tracking performance.
Multi-source disturbances are treated as composite additive disturbances and estimated using an
ELM neural network, with the estimated values incorporated into the control law for disturbance
compensation to improve system robustness. The semi-global uniform ultimate boundedness of
the closed-loop system is proven via Lyapunov stability theory. Simulation results demonstrate
that, compared to traditional backstepping control, the proposed method reduces response times
by 99.61% for velocity and 4. 60% for altitude, while improving tracking accuracy for velocity
and altitude by 99. 91% and 85. 64 % , respectively. When compared to an extended state observer
(ESO)-based control scheme, the ELM disturbance observer exhibits significant advantages in
velocity and altitude tracking accuracy, achieving improvements of 83. 3% and 71. 3%,
respectively. Furthermore, it outperforms fixed-time disturbance observers with an 88. 76 %
increase in velocity tracking accuracy and a 36. 14% improvement in altitude tracking accuracy.
These results validate the superiority of the proposed method in terms of dynamic response
performance and disturbance rejection capability.
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Fig. 1 Control block diagram of hypersonic vehicle
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Fig. 3 Altitude tracking curve and error curve
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Fig. 4 Control law variation curves
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Fig. 5 Velocity tracking curve and error curve under disturbances
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Fig. 6 Altitude tracking curve and error curve under disturbances
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Fig. 7 Control law variation curves under disturbances
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Table 2 Performance indicators under disturbances
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