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T-S fuzzy PID control based on RCGAs for the automatic steering system of a ship
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In this study, the second-order Nomoto’s nonlinear expansion model was implemented as a Tagaki-Sugeno fuzzy model
based on the heading angular velocity to design the automatic steering system of a ship considering nonlinear elements.
A Tagaki-Sugeno fuzzy PID controller was designed using the applied fuzzy membership functions from the Tagaki-Sugeno
fuzzy model. The linear models and fuzzy membership functions of each operating point of a given nonlinear expansion
model were simultaneously tuned using a genetic algorithm. It was confirmed that the implemented Tagaki-Sugeno fuzzy
model could accurately describe the given nonlinear expansion model through the Zig-Zag experiment. The optimal parameters
of the sub-PID controller for each operating point of the Tagaki-Sugeno fuzzy model were searched using a genetic algorithm.
The evaluation function for searching the optimal parameters considered the route extension due to course deviation and
the resistance component of the ship by steering. By adding a penalty function to the evaluation function, the performance
of the automatic steering system of the ship could be evaluated to track the set course without overshooting when changing
the course. It was confirmed that the sub-PID controller for each operating point followed the set course to minimize the
evaluation function without overshoot when changing the course. The outputs of the tuned sub-PID controllers were combined
in a weighted average method using the membership functions of the Tagaki-Sugeno fuzzy model. The proposed
Tagaki-Sugeno fuzzy PID controller was applied to the second-order Nomoto’s nonlinear expansion model. As a result
of examining the transient response characteristics for the set course change, it was confirmed that the set course tracking

was satisfactorily performed.
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Fig. 1. Schematic diagram of the T-S fuzzy PID controller for ship’s automatic steering system.
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Table 1. Coefficient of characteristics of model dynamics
and performance index

Main Data Value Unit
Length overall 171.80 m
Length between perpendiculars 160.93 m
Maximum beam 23.17 m
Design draft 8.23 m
Design displacement 18541 m’
Design speed 15 knots
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Fig. 2. Optimization of the T-S fuzzy model.
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Table 2. Performance of PID controller depending on objective function

Yaw reference 0°—10°

Yaw reference 0°—45°

Only added resistence Resistence with penalty

Main Data Only added resistence Resistence with penalty
Overshoot [%] 0.04630 0
Rise time [sec] 11.4130 34.2499
Settling time [sec] 19.7717 65.3535
Peak [°] 10.0046 10.0000
IAE 170.571 221.464
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24.0665 38.9482
68.0130 75.5480
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1814.90 1648.00
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Main Data Yaw reference 0° — -45°
PID with only resistence sub-PID} T-S Fuzzy PID
Overshoot [%] 21.0463 7.4485e-08 0
Rise time [sec] 23.3957 38.5417 39.1456
Settling time [sec] 73.3878 75.0764 76.1949
Peak [°] 54.4709 45.0000 45.0000
IAE 1.9562¢+03 1.6420e+03 1.6469¢+03
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Fig. 11. Transient response, course changing 0—60—0——60(300)—-100(265)—0—60[°] on 2" order Nomoto’s nonlinear

model with T-S fuzzy PID controller.
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