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Please indicate if proposal includes requests for any of the following (mark all that apply).

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ship Time
	ROV
	AUV
	Wave Glider
	Mini ROV


Please indicate what type of project is being proposed (mark only one).
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	Feasibility/Scoping

[Less than 100 days effort]
	Development

	Research
	Infrastructure2
	Education
	Time Series
	Institute Initiative


Project Manager
:

Mark Chaffey
Principal Investigator:
   [Enter name here]   
Lead Scientist:


   [Enter name here]   
Lead Engineer:

Mark Chaffey
Project Title:
LRAUV Biology Camera Feasibility
Please indicate percentage of effort on this project anticipated for 2018 toward these three highest institutional goals (percentage total should equal 100%). 

	Goal
	Developing/adapting innovative technologies
	Utilizing developments to explore and understand ocean systems
	Technology/knowledge transfer


	Percentage
	95%
	0%
	5%


1) ABSTRACT (new projects only)
This feasibility proposal is to investigate adding visual imaging capability as a payload for the Long Range Autonomous Vehicle (LRAUV) family of vehicles. The goal is to capture and store episodic video and still images of water column macro plankton as the LRAUV transits or drifts in a region of interest. The investigative advantage of an LRAUV imaging system is capturing information about the environment that is not measured by any other sensor – a high resolution visual image. The motivation for providing this capability on the LRAUV is the long operational endurance of the platform which allows for imaging surveys across large water masses and the easy launch and recovery which allows individual PI labs to task the vehicle. Applications of the imaging system that have been discussed to date include the ability to provide visual verification of organism aggregations observed by acoustic backscatter (Benoit-Bird) and long range surveys of macro plankton and gelatinous plankton (Robison & Haddock).
Strategic Plan Alignment: This project pursues the research theme of Ocean Visualization and directly informs the research themes of Exploration and Discovery and Ecosystem Dynamics. It also follows the Technology Roadmap by increasing MBARI’s utilization of robotics for ocean research.
Current State of the Art: Numerous field imaging systems have been constructed over the last several decades that are designed to quantify the volumes of smaller classes of plankton and MBARI has installed a commercial LISST-HOLO plankton imaging system for particles less than 2.5mm on the Dorado class of AUV’s. MBARI has also recently installed an imaging system for larger macro-plankton on Dorado, the i2MAP imaging system that performs survey transects. There are also the current ROV based midwater surveys using the ROV camera, and the SeeStar imager project, an imaging system for use on fixed benthic platforms, buoys, etc. that is specifically designed for low cost. None of these current systems appear suitable for macro plankton imaging on the LRAUV due to issues with image quality, camera size or energy requirements. At the same time commercially available camera modules have been steadily shrinking and SD card memory storage space and speed has been increasing making the possibility of an LRAUV biology camera technically possible. As an imaging platform the LRAUV offers long-endurance, slow speed and drifting operation and the flexibility of small vessel launches makes many more potential targets available. 
Scope of the Project: The project will first search for a full commercial or existing in-house solution that meets the scientific requirements. Failing this, the design effort will utilize a commercial camera module and lens combination with a custom housing sized for the LRAUV. A careful integration effort is required to optimize the system by using techniques such as strobing the lighting synchronously with the camera to save energy, etc. Based on our experiences with 12MAP we believe that we can integrate an imager constrained by the requirements of the LRAUV system that does not significantly affect the hydrodynamic properties of the vehicle, and operates within the energy budget and payload capacities.
2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
The importance of installing imaging capability on the LRAUV class of vehicles is supported by the fact that an imaging system captures information that is not available from any other sensor on the vehicle. While we may know the temperature, conductivity, fluorescence, oxygen concentration and even the acoustic backscatter amplitudes of a water mass, without the ability to provide a concurrent visual record, we have little knowledge of the organisms in the macro plankton size class that live there. Imaging systems provide information both on the specific species being observed and on their spatial and temporal distribution.
MBARI currently has imaging capability on our ROV’s and the AUV Dorado, however the increasing utilization of the LRAUV’s and their ability to be operated for extensive long range surveys with low cost overhead justifies the development of an imaging capability for this class of vehicles as well.
How does it relate/contribute to MBARI’s mission and strategic plan?
This project pursues the research theme of Ocean Visualization and directly informs the research themes of Exploration and Discovery and Ecosystem Dynamics.
How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents.htm#Packard for documents.)
This project supports basic research that increases our understanding of ocean ecosystems. This is a described Oceans Visions strategy for achieving the ultimate goal of healthy oceans. 
Does it relate to the Technology Roadmap? If so, please describe how. 

(See http://mww.mbari.org/oed/TechnologyRoadmap.pdf.)
This project follows the Technology Roadmap by increasing MBARI’s utilization of robotics for ocean research.
Approach to the problem
The first step in this feasibility study project will be to gather requirements from potential MBARI principle investigators. Interested parties identified to date include Kelly Benoit-Bird who would like to use the imaging system to provide visual verification of aggregations observed by acoustic backscatter and Bruce Robison and Steve Haddock who are interested in long range surveys of macro plankton and gelatinous plankton respectively. The process of capturing the initial requirements definitions is done with a net cast wide among potential users and it is therefore anticipated that a portion of the desired requirements may be in conflict with each other and with the available LRAUV platform payload. To advance toward the best possible solution, a formal concept design review will be held that includes all interested parties and the project will document and review the requirements, payload capacity, overall development “cost” and the potential science return for each of the identified imaging system options. The feasibility study will conclude with a design description and documentation at the preliminary design review (PDR) level and provide a solid foundation to propose an achievable system for the 2019 proposal cycle.
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Figure 1. Multiple trade-offs are involved in optimizing a camera system for the LRAUV.
Publications (from other projects over the last 5 years)

Kim R. Reisenbichler, Mark R. Chaffey, Francois Cazenave, Robert S. McEwen, Richard G. Henthorn, Robert E. Sherlock and Bruce H. Robison; “Automating MBARI’s midwater time-series video surveys: the transition from ROV to AUV”. IEEE/MTS OCEANS Conference proceedings, Monterey, California, September 2016.

Thomas C O'Reilly, Brian Kieft, and Mark Chaffey; “Communications Relay and Autonomous Tracking Applications for Wave Glider”. IEEE/MTS OCEANS Conference proceedings, Monterey, California, September 2015.

b) Continuing Projects (not applicable)
c) New and Continuing Projects: Plans for 2018
Research Activities
None
Engineering/technology development

The technology development consists of a paper study and possibly several minor laboratory experiments to evaluate technology.
Field programs (detail ship requirements/deployments/diver requirements)
None
Isotope Usage

(not applicable)
Specific deliverables
Report and if promising, a full project proposal for 2019 project year.
Milestones (see personnel classification list for staff classifications)
   [Click here to enter text]   
	2018 Project Start Date: 
MM/DD/2018
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	May 21, 2015
	June 15, 2018
	
	
	
	

	Milestone Description
	Concept Design Review
	Preliminary Design Review
	
	
	
	

	Electrical Engineer
	120
	120
	
	
	
	240

	Software Eng-Embedded
	32
	16
	
	
	
	10

	Software Eng-Info Eng
	
	
	
	
	
	

	Mechanical Engineer
	
	
	
	
	
	

	Mechanical Eng-Division
	
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	
	

	Associate Engineer
	
	
	
	
	
	

	Electrical Tech
	
	
	
	
	
	

	Software Tech
	
	
	
	
	
	

	Mechanical Tech
	
	
	
	
	
	

	Machinist 
	
	
	
	
	
	

	Divers
	
	
	
	
	
	


Budget justification
Funds are requested for one trip to Las Vegas to attend the National Association of Broadcasters show/convention in April 2018, for $1441. This event provides the best annual sampling of newly released camera modules and lenses from all of the major manufacturers. Funds of $1400 are also requested for consulting to evaluate the optical design requirements of different camera and lens combinations. The project also requests $300 for shipping charges for receiving and returning evaluation cameras from manufacturers.
Project team
Mark Chaffey, also Rob McEwen will perform any needed numerical calculations. Rich Henthorn will assist in evaluating different capture and store system design architectures.
Project lab and office space requirements 
In addition to any changes to current space usage, please also include anticipated office and lab needs for students, postdocs, collaborators, etc.
None
Data storage requirements (see Todd Ruston for assistance)
None
Data availability outside project team, uniqueness

No
R/V Paragon Requests

If the project team will be requesting time for the R/V Paragon, please specify the operators in the group and provide estimates of their availability to operate the vessel.

None
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

No
Does the project team plan or anticipate export controlled purchases, shipments, or transfers of items (e.g., research instruments, proprietary data, hand-carried tools or samples) outside the U.S. temporarily or permanently? If yes, please identify country or countries and indicate whether these items will remain under MBARI control while abroad or controlled by others. Will the items be exported to more than one country? Please include foreign collaborator information as described above.

No
Monterey Bay National Marine Sanctuary (MBNMS)
General Permit

Projects teams need to indicate if any work will be performed that is either: (1) currently authorized under our general permit; or (2) will require that we obtain authorization. The current permit can be viewed at http://mww.mbari.org/pco/permits/mbnms-2015-002_feb2015.pdf. Please see Mandy Allen for questions.
Is a permit with MBNMS required for your work? 

 No
SESAs (General map)
Projects will need to indicate whether or not work will be conducted within one of the Monterey Bay National Marine Sanctuary's Ecologically Significant Areas (SESAs). An interactive map can be found on the Sanctuary's SIMoN webpages at http://sanctuarysimon.org/maps/sesa/. (Note: It may take a moment for the page to load, so please be patient. Also, if prompted for a login, hit “Cancel” and then you will be able to access page.) To determine if your work will occur in a SESA, specific coordinates can be entered using the locator function (click on the red "target" button in the toolbar at the top of the map). If your work will be conducted in one of these areas, please indicate which area, by number. 

None
California Department of Fish & Wildlife

A Scientific Collecting Permit will be required for biological and geological sample collections offshore California (even in Federal waters and beyond), and for many activities in State Marine Protected Areas. Please see Mandy Allen for questions.
Will you be collecting samples that require a permit?

No
Will you be working in a State Marine Protected Area?
No
Authorizations/Permits from other Agencies or Organizations

Is the project team aware of any other permits or authorizations that will be necessary to perform the proposed work? If so, please list below along with status of authorizations (obtained, pending, need to apply, etc.). Please see Mandy Allen if you have questions.

No
Active Acoustics

We are keeping an inventory of acoustic instrumentation. The current list is posted here: https://mww.mbari.org/resources/2018_Proposal_Process/documents/mbari_acoustic_instruments_2016-08-08_ver_10.pdf. If you have or plan to use equipment that is not already on this list, please be sure to include that information here.

None
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	X
	X

	Low
	
	X
	
	


� This date and number should remain the same for the duration of the project. If your project start date for 2018 is not January 1, please indicate the start date in the first cell of the milestone chart. Format for duration example: “Year 2 of 5”.


� Development and infrastructure projects must complete the risk matrix (see end of the proposal form).


� Not all projects will require all four titles to be filled in. Please indicate individuals only for those titles that are appropriate for your project. 


� This category includes transfer of hardware, know-how, publications, presentations, etc. 


� This number should be the same number you entered on the resource requests for this particular resource.





Page 8 of 8

