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Multi-level DVS Guidance and Output-feedback Path—following Control for Marine

Surface Vehicles
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Abstract - This paper deals with the path-following control for marine surface vehicles with underactuated characteristics. In
consideration of practical limitations of actuators, an improved DVS(dynamic virtual ship) guidance algorithm is proposed with the
multi-level DVS optionally selected to be tracked. To address the output—feedback control issue, an adaptive FLS(fizzy logical systems,
is devised to online approximate the kinematic states. Based on that observing framework, the path—-llowing control law is thereafier
derived. Simulations testify eflectiveness of the proposed scheme.

Key words - Path Following Control, Underactuated Ships, Multi-level DVS Guidance, Adaptive FLS Observer

Background Contributions of this research Thought of design
@ Tradition guidance approach for path-following control such as LOS
guidance and SF frame an not be easily integrated with advanced
cybernetics. Multi-level DVS(dynamic | Solve I Ghieiondr .: , \
- 5 irtual shi id actuators 1 5
o There exists unbalance development between control theories and virtial i) gidanes e |Dvsmmgwmk| |Db5m'"gsvsmm |
nautical practice.

IS e I errors P === =———=

Solve Inaccuracy and
Virtual controllaw | |
I
I
[}

: possible failure of
@ Developing a path-following control law for underactuated marine l

1

1

Sensors 1

1

. . . . 1 5 1 J
surface vehicles with respect to two degrees of freedom i.e. Yawing and DSC(dynamic surface  |_Solve EXID'?"O"fZT ] 1 DsCfilter

control) first-order filter T SR :

L

1

1

1

Adaptive FLS observer
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Mathematic model

@ Taking into account practical factors in ship’s motion control, such as Backstepping
limitation of actuators and possible failure of sensors. based
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Multi-level DVS guidance Error system via coordinate

transformation Adaptive FLS observer design Fuzzy logic system is adopted to

[ ———— approximate the uncertainties of models.
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Experimental results

Conclusion

® The proposed multi-level DVS guidance could further reduce the
saturation limitation of actuators.

@ The introduction of adaptive FLS observer could replace the
W function of sensors and controller is structured on the frame of FLS
observer.
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® The introduction of DSC filter solve the problem of explosion of
I R R T complexity.
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