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Project Description:  We propose a 12-month feasibility study to assess the technical readiness of existing open-source software for multi-vehicle underwater simulation.

Our goals are to improve autonomous multi-platform capabilities at MBARI, formalize a design workflow, and create validation tools for multi-platform applications.

Targeted sampling within a Lagrangian reference frame is inherently a multi-vehicle problem. A canonical use case is tracking and sampling by two vehicles, where one vehicle tracks a feature of interest, while a second vehicle vertically surveys neighboring waters to provide contextual data and search for new features. Multi-vehicle collaborative sampling methods have become a key component in field programs such as CANON (Chavez), ESP (Birch and Scholin), Acoustical Ocean Ecology (Benoit-Bird), and Biodiversity & Biooptics (Haddock). However, to date, the development of new collaborative sampling capabilities at MBARI is restricted to a small group of domain experts and relies primarily on validation and testing in the field. The ability to simulate a multi-vehicle scenario under realistic settings will enable rapid prototyping and testing of new algorithms and improve the overall reliability, extensibility, and exportability of MBARI’s autonomous systems. 

To this end, we propose a feasibility study to assess the technical readiness of existing open-source software for multi-vehicle underwater simulation for LRAUV, including the ability to simulate sensor data and environmental forcings, and scope the required development and integration efforts to interface with LRAUV’s software ecosystem. We propose to start the evaluation with a trade study: we will formulate requirements for the simulation framework and survey existing open-source tools and architectures to identify potential candidates for adoption (and collaboration opportunities) and integration risks. If a candidate framework is recognized, we will proceed with developing a proof-of-concept demonstration that will form the basis for a multi-year project proposal.
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In addition to the project description above, please provide one (1) paragraph addressing each of the following topics:


Fundamental Problem 

Multi-vehicle operations are essential to the future of autonomous vehicles in ocean science.  MBARI is already a leader in the application of multi-vehicle operations in ocean science, and we are uniquely poised to advance these operations and the scientific research they enable. Alongside our growing fleet of LRAUVs, a multi-vehicle simulator could further our understanding of how to optimize collaborative sampling efforts. For example, how many vehicles are required to map a chlorophyll patch accurately? Are some vehicle formations more effective than others? What sensors should we prioritize for acoustic communications? At what rates should we publish acoustic messages? Accompanied by years of experience operating autonomous platforms at sea, the ability to simulate multiple vehicles together could help formulate guiding principles for multi-vehicle operations and inform planning and decision making.

Technology 

We will leverage open source software tools and the existing LRAUV software stack, including LRAUV single-vehicle simulation and back-seat-driver interface.

Data 

Although many simulation frameworks are capable of visualizing a 3D rendered environment, we will generate and store only modest amounts of engineering data. IP considerations will be explored during the trade study phase while keeping the MT in the loop. 

Impact 
A well-designed simulator will make software development for LRAUV more accessible and provide an effective development avenue for MBARI researchers requiring advanced methods of ocean observation (e.g., PI labs developing back-seat applications). 
Over the past several years, open source frameworks for robotics have grown to include a large community of users worldwide. While reuse of existing tools could offer much value to MBARI researchers, it also presents an opportunity to network and collaborate with world-class roboticists and researchers that are part of this open source community.

Please provide an overall, high-level estimate of resources envisioned for this project in 2020 to help give a sense of the size of the proposed effort. Detailed scoping is not needed at this stage. Simply mark the appropriate box below. 

	Budget Category
	Minimal
	Medium
	Significant

	Labor
	x
	
	

	Expense
	x
	
	

	Ship/Assets
	
	
	



If you anticipate a large ramp-up or increase in resource requests in future years of the project, please include that information below.
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