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Development of Disk Type Underwater Glider for Virtual Mooring 
- Part 1, Study on Control System and Development of Testbed Vehicle - 

 by Masahiko Nakamura, Member Takashi Hyodo, Member
Wataru koterayama, Member

Summary 

In recent years, predictions of changes in the environment on earth and studies on ecodevelopment have become important.  For 
this research on going ocean data in time and space is required, and has been obtainable using by mooring systems.  However, a 
conventional mooring system can observe only discrete data in perpendicular space and moreover, construction of such a system 
requires a manpower and great expense. 

To solve this problem, an underwater vehicle for virtual mooring is developing at Research Institute for Applied Mechanics 
(RIAM).  This paper describes the testbed vehicle “LUNA” that was designed to develop a virtual mooring system, and the control
algorithm is discussed. 
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Fig. 1  Concept of virtual mooring 
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Fig. 2  Feature of motion of vehicle 
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Fig. 3  Actuator (a) Fig. 4  Actuator (b) 

4

Fig. 5  Coordinate system
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Fig. 6  400mm model 

10)

6 400mm

Fig.6

65 m 5 m

7 m

2

7, 10)

5. 1

Xuu, Xww, Zw, Mw
Fig.7 U = 0.3 

m/sec, 0.5 m/sec 2

Fig. 7  Measurement of hydrodynamic force (a) 
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Fig. 8  Lift coefficient measured by static experiment 

Fig. 9 Induced moment coefficient measured by static experiment 

Fig. 10  Induced drag coefficient measured by static experiment 
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Fig. 11  Measurement of hydrodynamic force (b) 
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Fig. 12  Added mass coefficient of surge 

Fig. 13  Drag coefficient measured by forced oscillation test 

Fig. 14  Added mass coefficient of heave 

Fig. 15  Lift coefficient measured by forced oscillation test 

Fig. 16  Induced moment coefficient measured by forced 
oscillation test 
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Table 1

Table 1  Hydrodynamic coefficients 
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Fig .17  700mm model 

Fig. 18  Vehicle ( 700mm model) during gliding 
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Fig. 19  Depth and pitch angle of vehicle during gliding 
            (BG=2.1mm) 

Fig. 20  Depth and pitch angle of vehicle during gliding 
            (BG=2.9mm) 
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Fig. 21  Motion simulator by MATLAB and simulink (PID Control) 

Fig. 22  Motion simulator by MATLAB and simulink (LQI Control) 
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Fig. 23  Configuration of LQI control system 

Fig. 24  Simulation result (PID Control) 
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Fig.24 PID Fig.25 LQI LQI
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Fig. 25  Simulation result (LQI Control) 
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Fig. 26  Current distribution 

Fig. 27  Simulation result in current (xG/D=0.0037) 

Fig. 28  Simulation result in current (xG/D=0.0055) 
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Fig. 29  “LUNA” under tank tests 

Fig. 30  Underwater vehicle “LUNA ( 900mm)” 
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Table 2  Principal dimensions of “LUNA” 
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Fig. 31  Buoyancy adjustment equipment 

Table 3  Performance of buoyancy adjustment equipment 
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Fig. 32  Weight shifter 

Table 4   Performance of weight shifter 
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Fig. 33  Components of “LUNA” 
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Fig. 34  Conceptual view of control system of “LUNA” 
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Fig. 35  Conceptual view of full-scale vehicle 


