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Title 
Manoeuvring and Guidance of Catamaran Wave Adaptive Modular Vessel  
（Wave-Adaptive型双胴船の操縦性能とその制御）

Abstract of Thesis 

Autonomous path planning of the ship is a very challenging problem in terms of navigation, controller design and guidance 
algorithm. Specially, controller design for high speed autonomous vehicles such as Wave Adaptive Modular Vessel (WAM-
V) is challenging due to uncertainty in dynamic models, significant sea disturbances, underactuated dynamics and unknown 
hydrodynamic parameters. Usually, highly expert and intelligent controller is required to make a suitable decision considering 
various environmental conditions. Hence, this thesis deals with the development of an underactuated controller for WAM-V, 
which is able to navigate between waypoints.  

A WAM-V is a shallow-draft high speed catamaran vessel, with tremendous controllability and maneuverability. In order to 
fully understand the dynamic behaviour of WAM-V, MMG type of mathematical model are used. The manoeuvring behaviour 
of the vessel is also studied with the help of the experiments. This study is divided into two parts.  

The first part of the study deals with the development of a dynamic mathematical model of WAM-V. In order to develop an 
accurate mathematical model, captive model tests and free running experiments are carried out. Here, MMG type of model 
is applied. The resistance force on a mono hull and twin hull has been investigated by captive model tests. The drift tests are 
also conducted in order to determine the manoeuvring derivatives. In order to study the manoeuvring characteristics of the 
WAM-V, speed tests and turning tests are conducted at Osaka University free running pond facility. By using system 
identification method, the free running experimental data are further used to identify the unknown manoeuvring derivatives, 
which cannot be determined from the captive model tests. 

In the second part, a fuzzy reasoned double loop controller is proposed for navigation path planning of WAM-V. In the outer 
loop of the controller, fuzzy controller is utilized to feed the desired heading. In the inner loop, a PID feedback controller is 
used to correct the desired course generated by the fuzzy reasoned algorithm. The control system provides the required 
feedback signals to track the desired heading obtained from the fuzzy algorithm. After PID generates the appropriate 
command, thrusts are allocated to the port side and starboard side thrusters. Finally, thrusts are allocated to both the thrusters 
based on the lookup table which is obtained from the free running model experiments. Using the proposed controller, several 
experiments are conducted at Osaka University free running pond facility. The proposed control scheme is successfully 
performed the navigation path planning. 

The main conclusions obtained in this thesis are: 

1. The MMG type maneuvering mathematical model has been found applicable to the model with shallow-draft and twin 
hull- twin propeller system such as WAM-V. 

2. In order to better quantify the WAM-V dynamics with respect to autonomous control design, captive model tests and 
free running model test have enabled significant contribution. 

3. The waypoint navigation experimental results show that the fuzzy guided waypoint controller scheme is simple, 
intelligent and robust. 

4. The goal of this research is to present a solution to the waypoint control problem for the underactuated catamaran vessel 
(WAM-V), which is achieved successfully.  
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