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Backstepping adaptive fuzzy control for track-keeping of
underactuated surface vessels
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Abstract: A backstepping adaptive fuzzy controller is proposed for the linear track-keeping problem of underactuated
surface vessels. Under the assumption that the fuzzy approximation error is unknown but bounded, it is proved that the
closed-loop system is mean-square stable in the sense that all variables are uniformly ultimately bounded by the Lyapunov
theorem. The proposed controller has the characteristics of intuitive design and simple structure with strong robustness
under the parameter perturbation and external disturbance. Simulation experiments are carried out under the constraint
conditions of the state variable and control input. The results demonstrate the effectiveness of the proposed approach.
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0, = Yo(T2 — a1)€a(T2) — 2k202,  (42b)
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5 N HSEHI(Application example)
5.1 I35 ¥ il (Controller design)
BB as SO

A = 0.6, Ay = 200, v, = 0.05,
Y2 = 05, K1 = 05, Ko = 5.

FREKH L RGN 5K R e BUBCK R )
DI PRy (0 i 12 388 82, {HL 328 B0 R D) 25 32 1l 3% 4t 4
P MR TG A OV R AR I B B E = 0.005. iR ¥y
1A [-200,200]. 4 2(2)Hp =0, Ny = 2005
xy = /4, T ARy ORI R 23 W By b e,
(el ] 5 SN [—7 /4, /4], XN SR & FE s E0h
prar = 1/(1 + exp(36(z1 + 37/16))),
iy = 1/(1 + exp(~36(z1 — 37/16)),
prai = exp(—(x1 +7/8(i — 3))?/0.045),
i—2.3.4.
HTaxy = rH5° = 7/36 rad, Kz, 18 380] & X
Ky [ /36, /36, XL HN
pray = 1/(1 + exp(280(z, + 37/144))),
praz = 1/(1 + exp(—280(z, — 37/144))),
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i=2,3.4.

5.2 {5 E 4 Hr(Simulation analysis)
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Fig. 1 Response curve of track-keeping control in case 1
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Fig. 3 Response curve of track-keeping control in case 3

6 45i&(Conclusions)

A SR RE R SR 2 R AR A s 4 ) i) L
LR T A T B BT B A kg P AN o AR 2
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