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Abstract

In the ocean engineering test basin, during the model test, the wave generated by the wave-makers
generates reflected waves after being reflected from the basin wall and structural model, which
propagates to the wave-making plates and reflects again to generate the secondary reflected wave.
The secondary reflected wave interferes with the wave field of the basin, thus reducing the accu-
racy of the test, which is unfavorable to the test. An active absorption system is often used to
eliminate the secondary reflection wave. The force-feedback type active absorption system takes
the ratio of the force to the stroke of the wave-making paddles as the absorption transfer function,
and controls the input and output of the system in real time, so that the generated wave gradually
approaches the ideal wave. In order to maintain the optimal balance between the stroke and force
of the wave-making paddles, IIR digital filter based on the theoretical transfer function is designed
to realize the active absorption control. To design IIR digital filter, particle swarm optimization
algorithm is a very efficient design method, the algorithm is simple and has fast calculation speed,
but the algorithm in the optimization process could be limited to the local optimum, and can’t get
the global optimal solution. In this paper, a new kind of method is used to update the particle ve-
locity based on inertia weight to improve the learning factor. Inertia weight and learning factor
have a nonlinear function relation. Compared with the improved method of linear decrease and
nonlinear decrease of inertia weight, the simulation results show that this method has fast con-
vergence speed, fewer iteration times, higher solving efficiency and optimal optimization results.
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Figure 1. Principle of particle swarm optimization
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Figure 2. Flow chart of particle swarm optimization
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Figure 3. Flow chart of particle swarm optimization
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Table 1. Lowpass IR filter simulation design results
1. B IR R B EIE

PSO i w LR I w FEHE I w Rl ¢ Fi%
al 2.7675 3.0520 1.1593
bl 4.2712 2.3893 —0.0874
cl -0.9117 —0.8840 —0.9420
dl 1.5917 1.6301 2.2384
a2 3.9378 4.2958 1.1037
b2 2.6203 1.8919 2.5047
c2 2.7036 —3.0184 —0.5967
d2 —0.2168 0.1233 1.8925
a3 6.4828 1.1396 1.7187
b3 0.4849 4.0706 1.7188
c3 1.0267 4.8752 —1.6991
d3 —0.8603 2.2817 —0.6546
R 0.1120 0.0658 0.0308
R e A 0.1091 0.0724 0.0330
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Table 2. Bandpass IR digital filter simulation design results
2. Wil IR FIRERHERITER

PSO &% w IR w HR IR w Al ¢ G

al 6.6552 2.1187 1.8288
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cl 1.0181 -1.1719 1.6895
dl 44782 2.4581 -0.3575

a2 5.6427 -4.5682 0.2896
b2 -5.3752 -3.6400 -2.2697
2 1.4500 -7.0136 -0.6223

a2 6.1976 0.0925 2.0226

a3 -0.1969 -1.7812 0.6142
b3 -1.3531 -4.5619 -1.5122
3 -5.9707 1.1876 1.1839

d3 0.0615 1.7605 1.2965
R 0.5683 0.4590 0.2521
Rz HIME 0.4085 0.3928 0.2161
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Figure 4. The iterative process of the three improvement methods for lowpass IIR digital filter
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Figure 5. The iterative process of the three improvement methods for bandpass IR digital filter
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