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Table 2. Vehicle Parameters (REMUS 100)

Parameter Value Units Description
Lpp 1.386 m Hull Length
d 0.191 m Ma%i_mum Hull
1ameter
w 299 N Weight
B 306 N Buoyancy
norm 1.54 m/s Operating Speed
O ax 15 Maximum Fin Angle
5 0.5 rad/s Maximum Fin Rate

FageEAde 27 AHEE gy=[lryz 09’9 2 2 7}

HE y=uvwgr]’= ZF 00000702

oF 2ol A Al 2 el 7HE 6)s wHae

Table 3. Current Condition
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37HA 23] =

e

Value
Case Parameter
(m/s)
1 Vi / Vo, V.. 0
2 Vie / Vo, Ve, 0.1
3 Vie / Vo Ve, 0.2
O 11 & —
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Table 5. Simulation Results by Guidance Law

(ON]
Case Guidance o0 T, (sec) Ty [iespr Fong. ! Fong.p Eis ()
%
LOS 0.00 277.65 1.68 0.59 0.00
1 I-LOS 25.74 36.36 1.80 0.64 0.07
Prop. 0.00 13.79 1.00 1.00 0.00
LOS 13.43 - 2.50 0.26 13.43
2 I-LOS 29.01 36.02 1.98 0.28 0.16
Prop. 0.00 13.31 1.00 1.00 0.03
LOS 27.62 - 3.83 0.55 27.62
3 I-LOS 31.76 35.38 2.09 0.89 0.27
Prop. 0.00 12.96 1.00 1.00 0.20
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Figure 18. Trajectory of AUV for 3D Curved Path
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Figure 19. Trajectory of AUV in x-y/x-z plane for 3D Curved
Path
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Abstract

Path-Following Controller Design
for AUV under Unknown Ocean

Current

Jooho Lee
Naval Architecture and Ocean Engineering
The Graduate School

Seoul National University

The torpedo type AUV is characterized by high nonlinearity and
susceptibility to environmental disturbance due to its structural
characteristics and low operating speed. For this reason,
path—following controller for Torpedo type AUV should have
robustness for environmental disturbances, modeling uncertainties,
and saturation of control fin angle and rate. This paper proposes
nonlinear LOS guidance that improves LOS guidance, the most
popular guidance logic for path-following problem of
underactuated vehicle such as USV and AUV. Using the

Lyapunov stability theory, we proved the path convergence of the

:l-l [ |
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proposed guidance scheme. As a result of the comparison with
LOS guidance and Integral-LOS guidance, the proposed method
showed better performance in terms of percent-overshoot, settling
time, and path deviation error.

To consider unknown disturbances and modeling uncertainties,
neural network based adaptive controller was used with the
nonlinear LOS guidance. In addition, in order to prevent the
neural network from adapting to the system nonlinearity due to
saturation of control fin and degrading its performance, the
pseudo control hedging(PCH) scheme was used.

Five degrees of freedom motion was considered according to the
structural characteristics of AUV. Under the assumption that the
speed of current is constant and smaller than the speed of AUV,
AUV propelled constantly, and the ocean current is irrotational
flow, the effect of ocean current was considered by using the
relative velocity with respect to ocean current in the equation of
motion. The AUV model was verified through comparison of
open—loop simulation with previous research.

Path-following simulation was conducted for 3D curved path.
The terms related to the relative velocity to the current was
assumed to be an unknown value. In the early stage when the
adaptive signal did not converge to unknown term, the trajectory

of AUV diverged. However, as the adaptive signal converged, the

- 69 - A =-1



trajectory converged to the desired path. As a result of the path
following simulation wusing the proposed controller, the path
following performance is sufficiently good with horizontal error of

less than 0.1m and vertical error of less than 2m.

Keyword: AUV, 3D Path Following, Ocean Current Disturbance,
Modeling Uncertainty, Guidance Logic, Neural Network based
Adaptive Control, PCH

Student Number: 2015-21173
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