AUV Docking Proposal

Abstract

AUVs serve a critical role in enlarging the footprint of a moored, cabled, or free drifting ocean observation system. Experiments to date, such as MUSE, AOSN, and LEO-15 have demonstrated the ability of self-propelled AUVs to provide valuable spatial and temporal coverage, complementing many other oceanographic instrumentation modalities. In order to extend the utility of AUVs to long-term observatories such as MOOS, several key capabilities must be enhanced and demonstrated. First and foremost, a reliable docking capability must be developed, allowing the AUV to link up with the larger observing system to recharge, download data, receive new orders, and be physically restrained between missions.  Secondly, a system-level long-term reliability must be demonstrated which is currently far in excess of state of the art. To date, most AUV operations are confined to relatively short “sprints”, where the platform must be recovered and manually serviced in between 12 to 24 hour cycles. While recharging of the on-board energy system typically required, there are also other maintenance-intensive systems which must be dealt with – instruments must be recalibrated, dynamic seals maintained, compensation systems refilled. In order to meet the MOOS goals of long-term, cost-effective deployment, AUV reliability must be extended an order of magnitude from the timeframe of days and 10’s of missions to at least 12 months and 100’s of missions. 

In this next three year phase of the Dorado activity, we will develop the core capabilities necessary to fully incorporate Dorado into the MOOS concepts of operation by focussing on the following areas:

a) High Reliability Docking and Undocking

b) Power and Data Transfer

c) Autonomous, Long-Term On-Board Energy Reliability

d) On-board Power Management and Power Reduction

e) Long-Term Reliability of Key Vehicle Mechanical, Electrical, and Software Subsystems

f) Robust Local Area and Wide Area Navigation

To date, Dorado development has dealt with many of these issues. Developments relating to ALTEX, for example, dealt with the long term mechanical, electrical, and software reliability issues and navigation issues associated with an unattended 1500 km CTD transect. Development of the DMO/CTD vehicle and Engineering Testbed/Multibeam vehicle will incorporate many new enhancements, such as lithium ion polymer batteries, improved connectors and cabling, and simplified mechanical structure, which will enhance mechanical and electrical reliability and demonstrate a battery system capable of safe, in-situ high efficiency recharging. Building on these improvements, we will undertake an in-depth design study, incorporating MOOS and MARS use cases into a set of functional requirements for the AUV docking, reliability, endurance, and instrument configuration, during the first half of year one. These functional requirements will then be used to develop design concepts for a MOOS/MARS compatible docking system, and to undertake necessary design improvements to demonstrate long duration unattended AUV operations. Work on system reliability and robustness will be ongoing throughout the project, as part of the AUV CTD and multibeam efforts in year one, and in a more focussed MOOS/MARS effort in years two and three. Docking development will be initiated in year two , with at sea testing occuring in a testbed fasion in the fourth quarter of year two using existing vehicle assets. These at-sea tests will focus on homing, latching, and unlatching of the vehicle from the dock. In parallel with these docking tests, pool tests will be performed in year two to analyze power and data transfer methods. In the third year of the task, we will focus on demonstrating power and data transfer in an at-sea test. A culminating demonstration will be performed at the end of year three, demonstrating a multi-week, multi-mission deployment of an unattended AUV performing a useful science survey.
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Docking Concept Review/Use Case Review
Dock PDR
Battery Reliability Analysis Report
Tailcone Redesign to Eliminate Actuator Failure
TBD Hour Test of Vehicle w/ New Tailcone in Pool
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It should be noted that there are many MOOS system level trade-offs which must be considered as we work on the above six areas. The mechanical impact of the docking system on the overall MOOS  system is of course an obvious trade off. More subtle is the electrical impact of recharging the AUV once it is docked, and storing and transmitting the data gathered during the survey to shore. There is a discrete breakpoint in power, data bandwidth, and portability with regards to whether the observatory is cabled to shore or not, and there could very well be a discrete breakpoint in AUV design based on the cabled versus non-cabled scenarios. This might well drive AUV hotel loads, survey speeds, and vehicle diameter. 

