
• Perform foundational research and testing to 
accelerate the sector-wide development and 
deployment of marine energy converters to provide 
Power-At-Sea.

• Overcome known challenges and knowledge gaps for 
the successful co-design of coupled Wave Energy 
Converter (WEC)-Autonomous Underwater Vehicles 
(AUV) systems.

• Enable new WEC-focused understanding and allow for 
robust and ubiquitous AUV docking and recharging in 
real-world conditions.

• The limited energy resources of AUVs and tethered 
connectivity of ROVs constrain survey lengths and 
subsequently increase the operational costs. 

• Underwater docking stations that can recharge 
vehicles and transmit their data offer a potential 
solution to extend the endurance of vehicles. 

• In this work, we consider the docking station to be 
powered through a floating wave energy converter 
(WEC), thereby enabling on-site energy harvesting 
and power transfer.

• As a main contribution, we present a navigation 
framework for autonomous underwater docking with a 
WEC under various ocean conditions.  

• Designed a docking algorithm that incorporates flow 
state estimation [1] into a model predictive control 
(MPC) framework [2] to account for the influence of 
unknown background flow.

• The proposed framework drives the vehicle towards 
the dock while simultaneously minimizing the 
maximum variance of flow state estimation.

• Its performance is compared against the state of the 
art (SOTA) algorithms, such as Oracle MPC, Kinematic 
MPC (K-MPC) and Naive MPC (See Figs. 1 & 2). 

• Oracle MPC and K-MPC require true flow state 
information prior to the optimization process.

• Initial results demonstrate the vehicle successfully 
approaching the docking station while countering the 
influence of ocean currents along its path. 

• Additionally, we reformulated the problem in a sequential 
manner and validated its performance under various ocean 
conditions. 

• We also explicitly modeled the dynamics of different types 
of WECs. 

• Conducted successful field trials on a real robot with an 
oscillating docking station.
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Figure 1: Comparison of optimized path from different algorithms
under various ocean conditions.

RAKESH VIVEKANANDAN 1, DONGSIK CHANG2 and GEOFFREY A. HOLLINGER1

1 Oregon State University, Oregon, USA
2 Amazon Lab126, California, USA

F l o w  S t a t e  E s t i m a t i o n  a n d  O p t i m a l  C o n t r o l  f o r  
A u t o n o m o u s  U n d e r w a t e r  D o c k i n g

Overview

METHOD CONCLUSIONS ACKNOWLEDGEMENT

Introduction

RESULTS

REFERENCES CONTACT INFORMATION

Figure 2: Travel time of different algorithms under various ocean
conditions

Figure 3: Successful attempt to dock autonomously with an oscillating docking station, using fiducial markers.
The sequence of images illustrates the approach and docking phase of the vehicle. The dock is actuated along
the heave axis, causing it to move up and down.

Oracle MPC: Known ocean currents
K-MPC: Only consider kinematics
Naive MPC: Do not consider ocean currents
Sequential/Optimized FSE-MPC: Proposed algorithm


