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Abstract 
In this paper, a new method for station keeping of underactuated underwater robots in the 
presence of underwater currents and external disturbances is proposed. Three small additional 
thrusters are introduced for station keeping purpose which are less power consuming and are 
actuated only during the station keeping mode. These thrusters are located in such a way that 
the generated forces and torque are enough to compensate the underwater currents and 
disturbances. Station keeping thrusters’ locations and directions are nearly optimized using 
Taguchi’s robust design method. The effect of additional thrusters on robot tracking control 
performance is investigated and the results are presented. The effectiveness of the proposed 
configuration is demonstrated with the help of hardware-in-the-loop (HIL) simulations using 
an experimental autonomous underwater robot. The underwater current effect on the 
corresponding motions of the underwater robot is investigated and some interesting 
phenomena with respect to different underwater current amplitudes and directions are 
observed. Robustness of the proposed configuration is also investigated. 
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1. INTRODUCTION 
 
In the modern years, a great amount of research has been accomplished regarding the 
operation of autonomous underwater robots (AURs) and they are playing a crucial role in 
exploration and utilization of resources located at deep oceanic environments. They are found 
to be very essential to many underwater missions (which are risky in general) such as 
oceanographic observations, bathymetric surveys, ocean floor analysis, military applications, 
recovery of lost man-made objects, etc. [1, 2]. The ability of an underwater robot to remain in 
its position / station is critical for the success of many underwater missions. The robot needs 
to maintain or keep its geometric body centre at a given coordinate position. This is slightly 
complex and difficult due to coupled, nonlinear robot dynamics with uncertain hydrodynamic 
parameters [3, 4]. Moreover, AURs present a challenging control problem since most of them 
are underactuated, i.e., they have fewer actuated inputs than degrees of freedom (DOF), 
imposing non-integrable acceleration constraints making control design a hard task [2, 5]. 
Underwater robot control is mainly divided into two major categories such as tracking and 
set-point control. Many researchers have approached the first one (tracking) and many 
solutions have been proposed in the literature, with varying degrees of success, which are 
summarized in [5-7]. Tracking control techniques proposed in literature can be broadly 
classified into two major categories: adaptive control and robust control [2, 8]. In adaptive 
control the controller parameters are automatically varied to maintain a satisfactory level of 
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