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Title: Development and operation of underwater robot for autonomous tracking and monitoring of subsea plumes 
after oil spill and gas leak from seabed, and analyses of measured data

Abstract of Thesis 

The development of a new type of AUV requires an evaluation process from two aspects. One is the guidance and 
control of the robot, and the other is the data sampling. The research focuses on 4 axes: 
• Software development of the robot 
• Navigation 
• Guidance and control of the robot 
•Water survey of oceanographic data and dissolved substances 

The thesis is composed of 6 chapters: 
Chapter 1 introduces the context of the backgrounds of the research. It firstly explains the impact of oil spills and 
blow out gas on the environment and the marine life and the role of the SOTAB project as a countermeasure to 
reduce the damage. Then, the objective and overview of this thesis are described sequentially. Finally, the main 
contributions of the work are summarized. 
Chapter 2 presents hardware and software overview of SOTAB-I. In the first part, the outline of SOTAB-I and its 
general characteristics are described and the main features of its internal devices were presented. In the second part, 
SOTAB-I software organization and it is developed algorithms are presented. It describes the designed graphical user 
interfaces that were developed in both ship and robot sides. This part also underlines the acoustic communication 
protocol developed to secure the interaction between the user and the robot when the robot is underwater. 
Chapter 3 deals with the navigation of SOTAB-I. It describes the main aspects of the sensors involved in the 
navigation and evaluates their performances. Next, the navigation regions of SOTAB-I are defined and the sensors 
involved in each region as well as the tracking method are enumerated. The last part deals with the Kalman filter that 
was implemented for data fusion. The predicting and filtering performances of the filter are studied. 
Chapter 4 discusses the guidance and control of the robot. First, the outlines of the guidance and control of the robot, 
notably its operating modes and zones as well as control programs priorities are defined. Next, depth and altitude 
control algorithms as well as the effect of wings control are discussed. During the operation of the robot, software or 
hardware deficiency may lead to a dangerous approach of the robot to the seabed. Collision avoidance algorithm 
preventing the robot from colliding with the seabed is presented. The development of control programs should be 
adapted not only for fast intervention, but also for ensuring a longer operation time. The last part of this chapter deals 
with the power consumption of the robot and an energy study is done to estimate the robot’s battery autonomy under 
different conditions. 
Chapter 5 shows the surveying results of oceanography and dissolved substances. In the first part of this chapter, the 
surveying sensors configuration and the process employed to obtain oceanographic data and the dissolved substances 
are explained. The experiments results in the at-sea experiments in shallow water in the Gulf of Mexico and in deep 
water in Toyama bay are presented. 
Finally, in Chapter 6 we summarize the main conclusions as well as the future works based on the previous chapters 
are presented sequentially.
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