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Motion Control of AUV “MR-X1" by Thrusters
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Summary

A small AUV “MR-X1" was developed in 2000 for detailed investigation of the seafloor and marine organisms at JAMSTEC
(Japan Agency for Marine-Earth Science and Technology). In order to assure high maneuverability under low-speed cruising and

good hovering performance, the motion of the vehicle is controlled by five thrusters.

When the vehicle was built, PID control

was implemented, but in order to improve control performance, renovation of the vehicle operating system has been ongoing since
2007, and a model based control (LQI control) is due to be adopted when this is complete.
The paper summarizes the mathematical model of the vehicle and the design method of the motion and path controller, and shows

successful numerical simulated results.
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Fig. 1 Autonomous Underwater Vehicle “MR-X1"
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Fig. 2 Structure of “MR-X1"

Table 1 Principal dimensions of “MR-X1"

Length 2.525m
Breadth 0.85m
Height 1.2m
Weight in air 7840 N

Weight in water 0 N (in the simulation)

Maximum submerged depth [ 4200 m

2 knot

15 hours (Lithium ion battery)
400 W (Maximum thrust : 230 N)
150 W (Maximum thrust : 36 N)
150 W (Maximum thrust : 36 N)

Maximum speed

Maximum operation time

Main thruster
Side thruster
Vertical thruster
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Table 2 Hydrodynamic coefficients
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Fig. 6 Block diagram of LQI controller (Scenario A)
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Fig. 16 Motion and thrust of “MR-X1" (Scenario B)
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Fig. 20 Motion and thrust of “MR-X1"

(Scenario B >>> Scenario C : Controller is changed at t = 1500 sec )
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Fig. 21 Motion and thrust of "MR-X1" in current
(0.05 knot in Y-direction)
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Fig. 23 Motion and thrust of "MR-X1" in current
(0.20 knot in Y-direction)
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Fig. 24 Motion and thrust of "MR-X1" in current
(0.30 knot in Y-direction)
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Fig. 25 Motion and thrust of "MR-X1" in current
(0.20 knot in Y-direction) The value of weight Q to

velocity v is reduced in Scenario B.
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Fig. 27 Motion and thrust of “MR-X1"
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Fig. 28 Block diagram of LQI controller (b) (Scenario C)
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Fig. 30 Motion and thrust of “MR-X1" (Scenario C)
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Fig. 32 Motion and thrust of “MR-X1"
(u: 1.0 knot >> 1.3 knot) (Scenario C)
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Fig. 33 Motion and thrust of “MR-X1"
(u : 1.0 knot >> 0.3 knot) (Scenario C)
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