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A Fuzzy PID Controller Type Autopilot System for Route-Tracking of Ships

Jong-Hwa Kim? - Yun-Su Ha* - Byung-Kyul Lee**

Abstract : This paper proposes an autopilot system using a fuzzy PID controller to
satisfy performances required for the automatic navigation of ships under various
marine circumstances. The existing autopilot system using a PD type controller has
difficulties in eliminating a steady-state error and compensating nonlinear
characteristics of ships. The autopilot system using the proposed fuzzy PID controller
has a self-tuning ability, an ability to compensate nonlinear characteristics, and an
ability to turn at constant angular velocity. Therefore, it can naturally make a
steady-state error zero, compensate nonlinear dynamic effect of ships, have an
adaptability to parameter variation owing to shallow water effect, and have an ability
to turn ship’s course rapidly without overshoot through procedures of acceleration,
constant, and deceleration of angular velocity for large course-changing.

Key words : Fuzzy PID controller (HAPIDA17]), Autopilot (LEZYZ), Shallow water
(H8ld), Route-tracking (F= %)
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Table 1 The specifications of the ESSO 190000 dwt

tanker

Dimension | Value
Length between perpendiculars (Lpp) (m) 304.8
Beam (B) (m) 23.17
Draft to design waterline (D) (m) 18.46
Displacement (V) (m’] 220,000
Lpp/ B (- 6.46
B/ D (-] 2.56
Block coefficient (Cg) -] 0.83
Design speed (up) (knots] 16
Nominal propeller {rpm] 80
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Table 2 Non-dimensional hydrodynamic coefficients for the ESSO 190000 dwt Tanker (Bis-system)

! X-equation ] Y-equation | ] N-equation
1-X7, 1.050 1-Y", 2.020 (k)?=N", 01232
X, -0.0377 Y, —1 | -0.752 No—x -0.231
1+X, | 202 Y., -1.205 N, -0.451
X, 0.300 Yo -2.400 Ny -0.300
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‘E%ﬁpj,/ %) 0.152 Y”ddBIBJISI -2.16 N;idB\BIIEL 0.688
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X7 ‘thrust deduction Y’ ‘propeller side force N’y tpropeller yaw moment
X 4 -0.05 Vg -0.387 Ny -0.0045
additional | | Xz -0.0061 Y 0.182 Noua -0.047
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water X i 0.0125 Yo 0.0 120.8 | | Niys -0.120
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