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Path-Following Control for Unmanned Surface Vessel Using 1st System of
Identified Unmanned Surface Vessel Dynamic Model and Path-Planning of
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This paper proposes a simplified path-following control method for an Unmanned Surface Vessel (USV) considering towed
Unmanned Underwater Vehicles (UUV). For dealing with an effective USV dynamic model, 1st order of the linear system
with time delay and gain value are applied rather than applying a non-linear dynamic model, and it is identified with real
vessel data from several straight and turning experiments. Then, USV attitude and velocity are controlled by multi-loop
Proportional-Derivative (PD) and proportional controller. A USV guidance scheme is derived through a UUV guidance
scheme to support autonomous navigation for towed UUV, and combination of cross track and Line of Sight (LOS)
guidance is presented for adaptive path following. Finally, to validate the performance of the proposed USV path-following
control method with respect to the towed UUV guidance scheme, the results of simulations are presented.
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NOMENCLATURE Vrad] - USV Heading
PUSY phUS¥Im] = USV Position in the Inertia Frame W rad] = UUV Heading
’ W.R.T North, East Direction USY
DUV hUSVTmys] = USV Velocity in the Inertia Frame ;" [rad/s] = USV Angular Velocity
W.R.T North, East Direction wi” v UV[rad /s] = UUV Angular Velocity
LUUY L UUY - oo ; . . UUY usv
y Py [m] %/URVTP T(\)Iségﬁnégsih]gilrréecl:i?nl: rame ¢ [rad] = Difference with and
LUV 0% my/s] = UUV Velocity in the Inertia Frame L [m] = Towed Cable Length
W.R.T North, East Direction R(w) = Rotation Matrix (From Body Frame to
VUV U mss] = USV Velocity in the Body Frame Inertia Frame)
W.R.T Surge, Sway Direction
O [rad] = USV Steer Input

Vo U W0 U m/s1= UUV Velocity in the Body Frame
W.R.T Surge, Sway Direction Or [rpm]

USV Thrust Input
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Fig. 5 Heading output of USV curve maneuvering
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Table 2 Dynamic model identification coefficients of USV respect to

velocity
Coefficient f(u)
K, 0.0004 % +0.0014
T, 1.1737-u - 2.2474
K, -0.0113-u+0.7176
T, -0.1534-u+2.6341

2 T T T T T T T T

Test data
Modeling result

Angular velocity[deg/s]

45 50 55 60 65 70 75 80 85 90
Time[sec]

Fig. 15 USV angular velocity dynamic model
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Fig. 16 USV velocity dynamic model
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Table 3 Profile of UUV path plan

No  Tilsec] v'"N [mss] """V [deg] Description
1 0-50 4 45 200 m North-east
45 — R=40m,
2 50-81.4 4 225.1 Half rotation
(=-134.9) (Clockwise)
3 81.4-131.1 4 -134.9 200 m South-west
-134.9~ Hiliri?agl(;n
4 131.4-162.8 4 -315
(= 45) (Counter
clockwise)
5 162.8-212.8 4 45 200 m North-east
5 T T T T T T
USV plan
49 UUV plan |
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Fig. 22 USV velocity plan respect to UUV path plan
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