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A longitudinal stabilization control method for multihull based on
stochastic predictive control

Li Guosheng', Li Junfu®, Zhu Xianran', Jiang Xiaodao'

( 1. CNGC East China Institute of Photo-electron ICs, Suzhou 215163, Jiangsu, China;
2. Bengbu Representative Department, Bengbu 233030, Anhui, China )

Abstract. During the high-speed navigation of the multihull, external stochastic waves exert disturbance forces and moments on the hulls,
thereby aggravating the amplitude of the longitudinal motions (heave and pitch) of the multihull. To effectively suppress the longitudinal
motions of the hull induced by external stochastic waves, while taking into account the amplitude constraint of the attack angles for anti-
pitching appendages caused by inherent mechanical characteristics, a longitudinal motion control method for the multihull combining Kalman
filtering estimation with stochastic predictive control is proposed. Firstly, the longitudinal motion model of the multihull is established,
including heave motion, pitch motion, anti-pitching appendage and disturbance inputs. The colored noise from external wave disturbance is
transformed into the input response form of white noise, such that the Kalman filtering method can be utilized to estimate the system states.
Secondly, to effectively utilize the system uncertainty distribution information such as expected value and variance, the stochastic predictive
control method is utilized to convert the original stochastic optimization problem into the equivalent deterministic control optimization
problem, which reduces the solving difficulty of the control optimization. Meanwhile, the Laguerre function is introduced to realize the
dimension reduction of the optimization parameters for the performance index, so as to improve the real-time performance of the system.
Finally, numerical simulations are carried out to verify the effectiveness of the proposed method.

Keywords: high-speed multihull; longitudinal stabilization control; stochastic predictive control; Kalman filtering method; real-time
performance ; numerical simulation
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Fig. 1  The block diagram of longitudinal stabilization control based on stochastic predictive control
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