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Arctic Domain Awareness Center 2019 Biennial Review
Development of a Propeller Driven Long Range Autonomous Underwater Vehicle (LRAUV) for Under-Ice Mapping of Oil Spills and Environmental Hazards.

Project Information Document

Project Principal Investigators: 
	Dr. Jim Bellingham, Ms. Amy Kukulya, Woods Hole Oceanographic Institution, (WHOI).
	Mr. Brett Hobson, Monterey Bay Aquarium Research Institute, (MBARI).

Project Champion:  Ms Kirsten Trego, HQ USCG MER.

Project Collaboration:  U.S. Coast Guard Research & Development Center 

Project Start Date: January 2015   				Anticipated End Date: June 2021

Research Question(s)
Topic 2d, Arctic Analysis; Topic 3b, Maritime Robotics; Topic 3c, Environmental Technologies.  Specific research questions addressed: Topic 3b, questions 4 and 7.

Homeland Security Enterprise (HSE) Problem or Need 
Oil drilling in the U.S. off shore regions of the Chukchi and Beaufort seas is feasible, but not likely in the near and medium term.  However, international pressure for oil may result in exploration near, but outside of U.S. Arctic waters.  Meanwhile near shore oil drilling in the Beaufort Sea is developing.   Today, tanker vessels carry fuel oil for heating to U.S. and Canadian coastal villages across U.S. waters in the Bering, Chukchi and Beaufort Seas.  In sum, the U.S. Coast Guard may face the dilemma of coping with a maritime oil spill in Arctic waters.  The HSE does not have an easy to use, off-the-shelf capable system for under-ice oil detection and spill characterization.  Current characterization systems in play require icebreakers, special handling equipment, significant personnel resources, frequent calibration and high levels of expertise.  The ADAC/WHOI/MBARI propeller driven Long Range Autonomous Vehicle (LRAUV) system provides a capability for baseline surveys and oil detection to give first responders data quickly in order to limit damages in quickly characterizing the spill response.   At approximately 250 lbs., the LRAUV is man portable, ‘operator friendly’ and capable to take the 'last seat on the helicopter' to quickly deploy.  Accordingly, DHS S&T UP sponsored-ADAC managed completed and envisioned science and technology research, meets an unanswered need for HSE.  LRAUV is currently the only propeller driven AUV with long-range capability and a suitable environmental sensor package for oil detection.

Project Overview 
Increasing level of commercial marine activity in high latitudes creates an ever-growing risk of oil spills.  Characterizing oil spills in remote and austere Arctic locations is a daunting challenge to U.S. Coast Guard led Federal on scene spill response.  LRAUV is an evolved version of the Tethys Autonomous Underwater Vehicle (AUV) platform, originally developed by the LRAUV project PI, Dr. Bellingham, at the laboratories at Monterey Bay Aquarium Research Institute (MBARI).  The Tethys AUV is a helicopter-portable system that functions as a rapid response solution to incidents occurring in the maritime environment, and aims to increase the situational awareness of first responders. Gaining an autonomous underwater capability to survey oil spills at long range, high latitudes, and under ice answers an unmet need for DHS and the USCG.

Outcomes of this project (at the conclusion of ADAC Program Year 5) are: 
1. Construction of a small long-range AUV (LRAUV) based on a modified Tethys platform equipped with oil sensors and navigation systems.  Additionally, project team is completing three Arctic communications buoys to provide a complete and deployable system for an under-ice spill characteristic.
2. Demonstration of the LRAUV survey capability.
3. Creation of a simulator for establishing Standard Operating Procedures (SOP) related to AUV oil spill deployments, 
4. Conduct review of a reduced cost design for USCG use.

LRAUV is now a fabricated system, incorporating research, design, software, firmware, training simulations and prior testing into a new AUV technology that is capable of oil detection into the capable hands of maritime personnel within the USCG.  

LRAUV project advocates are HQ USCG CG-MER, USCG District 9 and 17, National Oceanic and Atmospheric Administration (NOAA), Bureau of Safety and Environmental Enforcement (BSEE), Environmental Protection Agency (EPA) and the US Department of the Interior.  

In addition to the platform, investigations have designed and now fabricating 3-vehicle agnostic Arctic communication buoys.  Project team prioritized and developed training systems to support field operations, which allow effective operator control at high school level education backgrounds.  Researchers have integrated sensor capability that is widely available, inexpensive and can collect large data sets that can be easily married/compared with other assets in the field and rapidly understood by first responders.   

In total, 4+ years of research and development are resulting in a deployable system consisting of controls, platform and communications buoys, software tools necessary for seamless mission programming, simulations and data visualization where large data sets can be transformed into heat maps for quick decision making for USCG led Federal On-Scene coordination to an Arctic oil spill.  

Research is advancing low cost manufacturing understanding to fabricate more platforms at lower cost.  With Arctic traffic predicted to increase with passenger and commercial traffic in the coming years, LRAUV provides USCG versatile mission ready autonomous underwater vehicles that are small, reliable and capable of collecting large sets of quickly accessible environmental data.  In addition to supporting decision makers to limit damages in an Arctic oil spill, LRAUV is suitable to add to baseline data collection in a vastly unexplored oceanic environment in the Arctic basin.  
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Propeller Driven LRAUV Overview

Research Achievements and Progress 
The WHOI and MBARI team designed, conducted prototype testing, constructed sub-assemblies and then fabricated, bench and then open water tested a mission-focused/Arctic payload LRAUV, leveraging prior research to the Tethys platform.  Through coordinated and approved ADAC workplans, the design and fabrication team planned and integrated the Arctic/oil science payload on LRAUV.   Team completed augmented AUV simulator and test scenarios addressing high-risk elements, including navigation and sensing systems, demonstrating capabilities in Alaskan waters.  Functioning LRAUV operator simulator (with sea ice geographically situated in Alaska’s Cook Inlet),   integrates software-modelling code from ADAC’s Arctic Oil Spill model (to include oil plume modeling).  
[bookmark: _GoBack]Conducted extensive oil spill sensing research and development in support of LRAUV employment for spill response.  This included collaboration with Bureau of Safety and Environmental Enforcement (BSEE) for AUV (WHOI’s REMUS) observations at Gulf of Mexico (MC20 Site).  Project team collaborated with NOAA and BSEE in use a WHOI AUV (REMUS-100) to test an oil-mapping algorithm and the Sea-OWL “Ecopuck” sensors in order to gain hands-on knowledge of AUV response in a real oil spill.  
Following fabrication, the team tested the baseline vehicle in the MBARI pool and conducted ocean field trials to verify that top-level systems, as well as science sensors, (Seaowl Ecopuck, CTD (Conductivity, Temperature & Depth), PAR (Photosynthetic Light), Optode (optical measurement), and ADCP’s (Acoustic Doppler Current Profiler)) are functioning in accordance within planned parameters.  
The vehicle has two nose sections.  The small nose contains all of the sensors listed above.  The second ‘large’ nose contains the same sensors but with the added DUSBL (homing array) and dynamic docking (whisker box) system.  The team conducted open water testing and a plume mapping/training exercise at MBARI on 27 September 2018 using the small standard nose.  In addition to hardware and controls, the project team developed LRAUV mission simulations with Chukchi Sea Berger site current data, (provided by ADAC research associated with Arctic Oil Spill Modeling project at UAA).  
Project researchers at WHOI completed the design of LRAUV vehicle agnostic communication Arctic buoys.   These communication buoys include long baseline (LBL) and ultrashort baseline (USBL) systems. ACOMMS, Wi-Fi, RF, Iridium, and thermistor capability.  Fabrication of these three Arctic communications buoys are nearing completion.  
Implementation and testing of an advanced technology “umodem” is currently underway to include advanced navigation capabilities inclusive of LBL and USBL systems.  Researchers developed new firmware at WHOI, tested in surrogate transponders and then sent to MBARI for testing with LRAUV.  These ‘special’ transponders allow researchers to continue with vehicle testing in advance of completion of the Arctic buoys.  Umodem, DUSBL and whisker box are new hardware and software capabilities provided to LRAUV to assist with under ice navigation and docking. 
Logistical planning is underway for the planned expedition to the MC20 (Taylor oil seep Site) in the Gulf of Mexico.  Project team plan is to conduct testing of the completed LRAUV system and Arctic buoys in open water to test systems with actual oil from seeps.  Timing of this testing is early June 2019.  If investigations can effectively complete and test homing capability by end of February, the team will continue planning to test the system in a frozen pond/lake in New Hampshire or perhaps NW U.S.   Transportation costs are a principal driver in this matter,
Transition Plan:  ADAC and LRAUV project team seek an integrated approach with USCG RDC and HQ USCG to acquire and develop additional LRAUVs commensurate with USCG mission needs. In accordance with DHS S&T UP-ADAC Grant Terms and Conditions, LRAUV Intellectual Property (IP) rights developed under this project remain jointly held between ADAC, WHOI and MBARI. According to the DHS S&T Terms and Conditions, DHS and USCG may leverage this IP royalty free to acquire and construct additional LRAUVs to USCG and other DHS maritime mission needs.   
At the end of the current program year (ADAC Program Year 5), LRAUV Project team will provide completed system, simulations and training materials.  The project will also deliver research on low cost manufacturing.  At the conclusion of Program Year 5, project team will conclude testing on real world oil sensing in open water, and plans to conduct testing under ice prior to arrival of spring, but weather transportation/logistics are potential constraining factors.   
LRAUV will conclude ADAC Program Year 5 as an functioning and capable under ice, oil detection characterization and communication system.  
ADAC recommends DHS S&T UP and HQ USCG consider a research agenda in Program Year 6 and 7 that includes an investigation partnership with USCG Research and Development Center (RDC).  The proximity between LRAUV research members at Woods Hole Oceanographic Institution’s (WHOI), Woods Hole MA to USCG RDC at New London CT, make hands on research collaboration readily achievable. 
As described in the transition plan document in detail, ADAC and the project team recommends LRAUV transition should occur in three stages: 
1. Conducting advanced testing in collaboration with USCG RDC to test the system in complex Arctic conditions and advance low cost research methodologies.  Consider building one or more systems additional systems for the USCG as part of this phase. 
2. Commercialize the resulting platform and communications system. 
3. Work with DHS and USCG acquisition process to field needed systems to meet USCG mission requirements.  
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