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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 Transition Plan

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 Start Date: January 2015   				Anticipated End Date: June 2021

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. 
ADAC, WHOI and MBARI believe it is suitable to continue to advance important and new research on LRAUV in Program Year 6 and Year 7, to include putting LRAUV under to conduct tests in Arctic conditions, such as during U.S. Navy Submarine Lab’s ICEEX 2020 (February/March 2020).  Such testing is a strong recommendation, as higher priority research tasks and funds availability preclude LRAUV from conducting Arctic ice testing within the remainder of Program Year 5.
Project team believes it may be suitable to consider adding a second platform as a research requirement to add to redundancy, particularly if LRAUV is called to conduct real world operations in Arctic conditions.
Pending a decision on further research, additional systems, other applications (such as new configurations for other missions than oil spill characterization), LRAUV project team is prepared to continue to operate and improve upon the vessel.  LRAUV project team is prepared to collaborate with USCG RDC on LRAUV in ADAC Program Year 6 and 7 in operating and further testing of the system.
ADAC recommends USCG Flag Officer level discussions to determine suitable destination pathway for LRAUV.  In addition to continued research and development recommendations, one possible destination for USCG operational use, is the USCG led “National Strike Force” (with subordinate Strike Teams), a purpose built and equipped set of responders who support oil-spill response for the United States maritime regions.  

Transition could also include retaining ADAC supported, WHOI and WHOI’s Center for Marine Robotics (CMR) led indefinite delivery/indefinite quantity contract, where WHOI’s CMR would provide owner operated technical LRAUV operations in response to USCG mission tasks (either separately, or with USCG RDC).

Following the LRAUV’s testing plan, and completion of data relay devices, the overall system will be TRL 7/8 and ready for production.   Depending on DHS and USCG acquisition desires, project team relays WHOI and MBARI have around-the clock technical expertise available if any such need arises. This technical support covers hardware, software, design, fabrication, specialty application, and operations expertise.   

The platform used for the LRAUV initial ADAC Program Year 3 “proof of principal” demonstration, a REMUS-100, is also commercially available. The research team used commercially available sensors to create a customized payload design developed for the Program Year 3 demonstration. Operating and navigation software design provided an additional new element to the demo prototype.  As with all of the IP created under this effort, the designs are available for government systems on a royalty free basis. Consequently, USCG can readily replicate the LRAUV year 3-demonstration vehicle for LRAUV or non-LRAUV oriented research.   

The fabricated Tethys LRAUV is a modification of a proven vehicle developed by Research PI during previous investigation at MBARI. The Tethys vehicle has performance far beyond commercially available systems, and thus transition of that capability to the USCG requires some planning.  WHOI has a history transitioning technology to operational use, especially with the U.S. Navy. WHOI uses a variety of transition methods tailored to the nature of the challenges associated with the transition. 

Factors influencing the nature of transition include technological maturity, complexity of operations, availability of investment for ‘hardening’ of systems, market prospects, and more.  Transition methods include the following factors (which, depending on “options selected”, would result in an array of LRAUV research and development activities in ADAC Program Year 6 and 7):
· Facilities:  WHOI operates facilities for high complexity platforms such at the ALVIN Human Occupied Vehicle, the JASON Remotely Operated Vehicle, and the Sentry Autonomous Underwater Vehicle. These systems operate as part of the National Deep Submergence Facility (NDSF) under the sponsorship of the National Science Foundation, the Department of the Navy, and NOAA. Facility selection preference is for systems operated in small numbers, which requires a highly specialized team. The WHOI facility uses protocols, allows costs sharing across the user base, and frees users from the need to keep operators on staff.
· Service for-Hire: Some platforms, such as the REMUS vehicles, are operated on a for hire basis. Examples of for-hire operations include the location of the El Faro data recorder by a Deep Submergence Laboratory WHOI team funded by U.S. Department of Transportation, and location of Air France Flight 447 by the WHOI Ocean Systems Laboratory. Like the facility model, the “for-hire” model frees the user from the need of creating and maintaining a staff of expert operators. Unlike the facility model, where scheduling is driven by the sponsors, “for-hire” operations may be precluded if vehicles have prior commitments.   
· Hardware Builds: When an organization wants to replicate a WHOI system, WHOI has in the past built small numbers of devices for a customer. For example, WHOI inventors built many of the early REMUS 100 platforms for scientists and other users. Since the user takes delivery of and owns their own platform, scheduling is completely under the user’s control.  However, the user does need to build their own operational team, and that team will need training and support from key WHOI staff. For example, Amy Kukulya (the Project Manager for LRAUV), trains Navy sailors in the operation of REMUS platforms.   
· Commercialization:  When there is sufficient demand for a system, commercial production is the logical solution. A healthy commercial enterprise will make investments to improve manufacturing and reliability, and provide operator support. Commercialization may occur by licensing of the technology to a commercial entity, or by a spin-off company. Examples of the former include recent WHOI developments of REMUS 600 technology by WHOI for the U.S. Navy, now produced as Kongsberg Hydroid products. Examples include the original “spin-out” of Hydroid from WHOI, and Bluefin Robotics from Massachusetts Institute of Technology, (J. Bellingham was a cofounder of the later).   

Accordingly, 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.  
ADAC notes the below stages if conducted in sequence and integrated with options as discussed above would result in LRAUV research and development activities in ADAC Program Year 6 and 7):
· Stage one: “Conduct advance partnered research and set conditions for production.” 
· Conducting advanced testing in collaboration with USCG RDC.
· Through DHS S&T UP sponsored ADAC research, dedicate resources for WHOI training of USCG operators, and for WHOI support of USCG operations.  
· Given the nature of Tethys LRAUV operations (operated via a satellite link), WHOI operators are able to participate in USCG operations remotely. 
· Resource fabrication of one or more additional vehicles (and buoy systems) for USCG (and in partnership with USCG RDC).   
· Lessons learned in transitioning a system to USCG operation would be invaluable in preparing the system for commercialization. ADAC WHOI would work with one of its many partners to commercialize the resulting system.   
· Selecting the company is premature at this point. However, marine robotics research is evolving rapidly, and project team is likely to have more options available in the near future.   
· However, LRAUV project team notes that WHOI has a well-trodden path to commercialization of AUVs with Hydroid, and the PI of this effort has designs that are the foundation for the General Dynamics Knifefish (the root of that vehicle’s family tree is the ALTEX AUV). 

· Stage two: “Investigate manufacturing efficiencies to create low cost production.” In parallel with ADAC funded efforts in advancing research and additional fabrication of the Tethys design, WHOI plans to devote resources to creating a more cost-efficient manufacturing process for LRAUV.    
· As a scientific platform, the research team has not designed the Tethys with efficiency of manufacturing as a consideration. However, now with much of the critical investigation work realized the Project PI will work with ADAC leadership to create plans to revisit the long-range AUV design with efficiency of manufacturing as a central goal in Program Year 6 and 7.   
· This effort would leverage the nearly $1M investment made by the state of Massachusetts in the Center for Marine Robotics “Dunk Works” manufacturing space. Dunk Works opened officially on July 20 2017. Equipped with the latest in design tools, 3D printers, circuit board printers, and the like, the space is ideally set up for the initiative. Additionally, the prospect of low-cost, high-reliability, and long-range AUVs is attracting other sponsors. This is producing the prospect of a multiple sources in supporting cost efficiency in manufacturing LRAUV. 

· Stage three: “Establish working group with DHS and USCG to support acquisition process and requirement demand.” Informed by progress and conclusions of Stage 1 & 2, ADAC, WHOI and MBARI the team will consult with DHS S&T UP, Borders and Maritime Division, USCG Project Champion, HQ USCG CG-7 and CG-9 and USCG RDC to present results of transition efforts. Additionally, the team will strive to understand and meet USCG LRAUV acquisition mission requirements, through cost effective production processes. 

Transition plan conclusions: The above planning considerations are core to LRAUV planning and pathway beyond ADAC Program Year 5.  The LRAUV Biennial Review is suitable and timely to inform and improve LRAUV ability to transition efficiently and effectively from research to acquisition.  Continued research and a determination to establish a “joint partnership” between existing Project team and USCG RDC, could prove a great benefit to USCG research and acquisition, particularly for autonomous systems and marine robotics.  ADAC-WHOI-MBARI project team desire to continue developing LRAUV for Program Year 6 and 7, and believe such additional research and investigation will create improved outcomes for LRAUV utility in USCG than from concluding the program at the close of ADAC Program Year 5.  
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