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Trajectory tracking control of underwater vehicle based on

distributed control moment gyros
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Abstract; The underwater vehicle equipped with control moment gyros (CMGs) has the capability to maneuver at a low or zero speed.
The scheme of an underwater vehicle based on the distributed CMGs is adopted, and its trajectory tracking control problem is
considered in the horizontal plane. A global diffeomorphism transformation is used to decouple the incomplete symmetry dynamic model
to the normal underactuated control model, and then the trajectory tracking error dynamic model, built based on the simplified model,
is employed to transform the trajectory tracking control problem into the stabilization problem of the error system. Based on a shunting
neural dynamic model and backstepping techniques, the trajectory tracking control law is developed without any derivative calculations
of virtual control inputs and can guarantee the tracking errors to be semi-globally uniformly bounded. Finally, simulation results
illustrate the performance and effectiveness of the proposed controller, which is capable of tracking smooth trajectories with no prior
knowledge of the dynamic parameter.
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Fig. 1 Diagram of the CMG moment output Fig. 2 Triangular pyramid CMGs configuration
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Fig. 3 Underwater vehicle based on distributed CMGs
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Tab. 1 Hydrodynamic parameters of the underwater vehicle

24 y¢(: N 240 Ky 24 Ey¢(:

m/kg 31.4 I./(kg m®) 3.45 X, /kg -0.93

Y, /kg -35.5 Y. /(kg-m-rad™") 1.93 N, /(kg + m) 1.93
N;/(kg+m® -+ rad™") -4.88 X, ./ (kg-m™) -1.62 X, /(kg + rad™") 35.5
X,/(kg+m-rad™) -1.93 Y, |,/ (kg+m") -1310 Y.,/ (kg m-rad?) -6.32
Y, /(kg - rad™) 5.22 Y, /(kg+m™) -28.6 N,/ kg -3.18

N, |, /(kg+m® - rad?) -94 N, /(kg+m - rad™") -2 N, /kg -24
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Tab. 2 Hydrodynamic parameters of the mother submarine

24 Ey¢(:N 240 HfH 240 HfH

m,, /kg 215 m,, /kg 265 my, / (kg - m*) 80

X, /(kg-s™) 70 X, . /(kg-m™) 100 Y, /(kg+s™) 100
Y, ,/(kg+m™") 200 N, /(kg-m®-s™") 50 N, /(kg+m?) 100
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Fig. 4 Trajectory tracking for the vehicle in xy plane Fig. 5 Position and heading angle response of the vehicle
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