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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
	50
	20
	30


1) ABSTRACT (new projects only)
All physical, chemical, and biological processes in the ocean are governed by the physics of fluid motion. Therefore, the ability to quantify fluid motion at high temporal and spatial resolutions will yield key insights to these in situ processes. To address this need, we developed DeepPIV, an instrument secured to ROVs that optically captures the motion of suspended ambient particles using a laser sheet and high-resolution, high-sensitivity camera. In the three years since we began developing DeepPIV, the instrument has been used to quantify the filtration feeding and microplastics-transport impact that giant larvaceans have in Monterey Bay (1 manuscript published, 1 manuscript conditionally accepted), measured and elucidated the three-dimensional forms of gelatinous and mucus structures (manuscript in preparation), and quantified the filtration rates of multiple species of sponges in Sur Ridge and in Monterey Bay. We have also received collaboration requests from scientists and engineers at University of Hawaii, Dalhousie University, and NOAA to study deep sea coral polyp feeding ecology and vent field biogeochemical fluxes. These varied use cases illustrate how DeepPIV touches on all four themes of MBARI’s Strategic Plan: Exploration and discovery, ocean visualization, ecosystem dynamics, and ocean biogeochemistry.
Now that DeepPIV has proven itself to be a reliable, multi-purpose instrument with an impressive field record (>50 dives producing data), our efforts have shifted to increasing the number of targets that can be investigated and the number of platforms from which the device can be deployed. These goals align directly with the Technology Roadmap, as our efforts are focused on developing tools for visualization in the ocean, and developing systems that can be used by the oceanographic community at large. Specific efforts for 2018 include: (1) integrating a new illumination technique to enable measurements of flow near reflective targets, (2) miniaturizing and replicating the instrument to improve ease of deployment on MBARI’s ROVs and other ships of opportunity, and (3) building an interface housing to ensure electrical and communications compatibility between DeepPIV and other underwater vehicles. In the following two years, we intend to shift our efforts towards three-dimensional PIV.

2) PROPOSAL
a) New Projects
b) Continuing Projects

If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

Current status of project and results to date
The DeepPIV project continues to be very successful at both the continually improving and evolving our instrument and using the instrument to make novel scientific measurements.

Research Activities Status:

1. We have had one paper published and a second manuscript that is currently in press. Two more publications, that describes the instrument in more detail, are anticipated for submission by the end of 2017.
2. We have completed 15 DeepPIV dives in 2017 ( >50 since the start of the project) with ~20 more anticipated for the rest of the year on both midwater and benthic targets.

3. We have been working closely with Jim Barry and Postdoctoral Fellow Joshua Lord to understand the feeding ecology of deep sea sponges using DeepPIV. To date, we have flow measurement data on 7 different sponge types ranging from 2-8 individuals per type. Our benthic investigations have motivated our efforts to develop backlighting illumination for reflective surfaces. Further efforts involve quantifying particle size ranges grazed by the deep sea sponges to quantify large scale grazing impact of a community of sponges.
4. We have worked closely with Bruce Robison and Postdoctoral Fellow Anela Choy to measure suspended microplastic concentrations in midwater, as well as the grazing ability of filter-feeding invertebrates on microplastics. These efforts have resulted in one publication currently in press at Science Advances and another in preparation.
5. We have continued working with the Midwater Ecology Group to elucidate feeding and swimming mechanisms utilized by midwater organisms that include siphonophores, larvaceans, and tomopterid worms.
Development Activities Status:

1. A new smaller Sony block camera (EV7530) has been integrated into a 4000 m housing. This camera will enable us to modify the camera’s zoom (30x) and focus, while still having high light sensitivity. This development should result in video that provides much higher contrast imagery, which is useful to the measurement technique. This system has been built and was field tested for the first time in July 2017 on ROV Ventana. This system will be integrated onto ROV Doc Ricketts in August 2017.
2. We have successfully integrated the galvanometer (a rotating mirror that turns a laser beam into a sheet) to our new camera in the laboratory, which involves synchronizing the rotation rate of the galvanometer to our new camera. Once this system is optimized on the bench in the laboratory, we will focus on packaging it for sea.
3. We are starting our efforts towards decreasing the size and weight of the DeepPIV system, which will ultimately improve the portability of the system. The first step of this process, in which we reduced the size and weight of the camera housing, has already been completed.  
4. The last task we proposed for 2017 was completing the documentation (users guide) for DeepPIV. Once the integration of the new camera is complete, we will update and expand on our current documentation.
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Figure 1. Raw image captured with DeepPIV's new camera system during ROV Ventana test dive in July. This image shows the particle field of flow around a filter-feeding sponge (sideways view).
Significant changes from previous project proposal 

The last proposal was scoped for one year to coincide with the end of Katija’s postdoctoral tenure. This proposal is for a multi-year effort to continue to improve upon the DeepPIV system, incorporate illumination techniques to increase functionality, and expand its user base.
Publications based on the results of this project only
1. Katija K*, Choy CA*, Sherlock RE, Sherman AD, Robison BH (2017). “From the surface to the seafloor: How giant larvaceans can move microplastics into the deep sea.” Science Advances, in press. 

2. Katija K, Sherlock RE, Sherman AD, Robison BH (2017). “New technology reveals role of giant larvaceans in oceanic carbon cycling.” Science Advances, e1602374.

3. Katija K, Sherman AD, Robison BH (2016). “DeepPIV: Fluid visualizations from the ocean surface to the seafloor.” APS-DFD Gallery of Fluid Motion, doi:10.1103/APS.DFD.2016.GFM.V0085.

c) New and Continuing Projects: Plans for 2018
Research Activities
   [Click here to enter text]   
Engineering/technology development

Our project goals for 2018 are:
1. Integrate backlighting to measure flow around reflective, non-gelatinous/mucus surfaces. One of the challenges in our current system is that reflections around some surfaces (such as corals) make it challenging to see individual particles necessary for calculating flow measurements. One solution to this problem is to use a different illumination source (other than the laser sheet) that minimizes surface light reflections. A technique that has worked for others is to use back lighting to illuminate the particle field. We plan to evaluate different hardware configurations for illuminating the field of view, and integrate and test the final design. One potentially beneficial outcome of adding backlighting is that the rest of the system remains unchanged, thereby limiting the cost and complexity of this modification to increase the utility of DeepPIV. 
2. We propose to reduce the size of the DeepPIV system and build a replicate system. As the DeepPIV instrument has matured, the requests for deploying this instrument on ships of opportunity have increased. The original system was not optimized for size, and it’s size remains a challenge for integrating on platforms of opportunity. We have already taken our miniaturization efforts into consideration during selection of components this year. Now that the camera and remote laser housing are smaller, we will focus our efforts on decreasing the size of the laser controller can. This will involve updating some components, however it will present an opportunity to design a system that is more universally compatible (for power and communications interfaces) for other platforms of opportunity. 
The second challenge to deploying on ships of opportunity is the availability of the instrument. The team has declined offers to participate in external cruises (with researchers on board Falkor and HURL) because the shipping schedules conflicted with MBARI cruise dates. We propose to build a second fly-away instrument that can be used on other ships, and will complement a recent proposal submitted with Chris Algar (Dalhousie University), David Butterfield (UW-NOAA), and David Caress (MBARI) on board Falkor in 2019. This second instrument will comprise of a camera, remote laser, and laser controller housing. This redundant system would also act as a spare for our existing DeepPIV system. The technical challenge for this effort is very low since we are duplicating and improving mostly proven technology.
3. The final effort, which is related to the prior effort, is to build an interface can (if needed) to ensure compatibility between our instrument and other ROVs. We are currently investigating what interfaces are available, both in terms of power and video, on other ROVs.  It appears that the biggest interface challenges will involve obtaining high definition video from the ROV to the control room, however several options exist (e.g., fiber, coax, video over GigE) and further investigations are needed to move forward. 
4. Rapid integration of DeepPIV data into VARS database.
 We will work with an SE (Brian Schlining) to integrate DeepPIV video data into the VARS database using Video Asset Manager.
Field programs (detail ship requirements/deployments/diver requirements)
Ship time requests:
1. Test tank days with MiniROV: 2 days in early Spring.

2. Rachel Carson days with MiniROV: 4 days (in two-day blocks to maximize mobilization efforts), in Spring and late Summer. The first two-day block will be used to test the fully redundant DeepPIV system and/or interface can; the second two-day block will be used to test the new illumination system.
Isotope Usage

Project teams must provide details regarding any planned isotope use on shore, on ships, in the Sanctuary, etc. Please review the guidance on isotope usage at http://www.mbari.org/at-sea/cruise-planning/hazardous-materials/ and policy at  http://mww.mbari.org/safety/SafetyManual/Isotope_Use_Policy.pdf, and then provide details on plans below.

Not applicable.
Specific deliverables
1. New illumination system integrated into the DeepPIV instrument
2. New smaller laser controller housing

3. Complete redundant sea-going DeepPIV instrument

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
	Feb 2018
	March 2018
	June 2018
	July 2018
	November 2018
	

	Milestone Description
	Design of illumination

system
	Design of compact DeepPIV
	Sea trials of 

Illumination

System
	Development 

of interface

can
	Sea trials

Of redundant system
	

	Electrical Engineer
	
	
	
	
	
	

	Software Eng-Embedded
	
	
	
	
	
	

	Software Eng-Info Eng
	
	
	
	
	
	

	Mechanical Engineer
	
	
	
	
	
	

	Mechanical Eng-Division
	
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	
	

	Associate Engineer
	
	
	
	
	
	

	Electrical Tech
	
	
	
	
	
	

	Software Tech
	
	
	
	
	
	

	Mechanical Tech
	
	
	
	
	
	

	Machinist 
	
	
	
	
	
	

	Divers
	
	
	
	
	
	


Budget justification
Below are the itemized costs for the proposed hardware needs, where asterisks indicate hardware for fully redundant DeepPIV system:
	
	Unit Cost
	Unit(s)
	Cost

	Laser + Cont. Housing*
	
	
	

	4000 m housing
	$2,500
	1
	$2,500

	connectors
	$1,200
	1
	$1,200

	laser penetrator
	$5,000
	1
	$5,000

	laser + controller
	$6,000
	1
	$6,000

	Electronics
	$1,500
	1
	$1,500

	Cables
	$1,000
	2
	$2,000

	mounting hardware
	$200
	1
	$200

	
	
	
	

	Laser Probe Housing*
	
	
	

	optics
	$500
	1
	$500

	mounting materials
	$200
	1
	$200

	glass port
	$950
	1
	$950

	4000 m housing
	$1,000
	1
	$1,000

	
	
	
	

	Camera Housing*
	
	
	

	camera and sync board
	$1,400
	1
	$1,400

	electronics
	$300
	1
	$300

	connectors
	$1,100
	1
	$1,100

	cables
	$2,500
	1
	$2,500

	4000 m housing
	$1,000
	1
	$1,000

	glass port
	$950
	1
	$950

	mounting hardware
	$200
	1
	$200

	
	
	
	

	Interface Housing
	
	
	

	4000 m housing
	$1,000
	1
	$1,000

	connectors
	$2,000
	1
	$2,000

	cables
	$2,000
	1
	$2,000

	electronics
	$1,500
	1
	$1,500

	
	
	
	

	Backlight Illumination
	
	
	

	LED lights
	$2,500
	2
	$5,000

	Mounting bracketry
	$500
	1
	$500

	
	
	
	

	Topside*
	
	
	

	laptop
	$1,000
	1
	$1,000

	shogun recorder
	$1,300
	1
	$1,300

	shogun media
	$500
	3
	$1,500

	cables and converters
	$500
	1
	$500

	
	
	
	

	Assembly*
	
	
	

	carbon fiber laser arm
	$250
	1
	$250

	mounting materials
	$200
	1
	$200

	
	
	
	

	General
	
	
	

	lab supplies for bench testing
	$1,000
	1
	$1,000

	miscellaneous tools
	$500
	1
	$500

	
	
	
	

	
	
	TOTAL
	$46,750


Project team
Kakani Katija, Alana Sherman, Denis Klimov, Job Erickson, Chad Kecy, Bruce Robison, Frank Flores, Tom Marion
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.
Our existing space in the LRAUV lab is sufficient for our needs in 2018.
Data storage requirements (see Todd Ruston for assistance)
8 TB assuming 4 DeepPIV dive days (at 2 TB per day). 
Data availability outside project team, uniqueness

Raw video collected by DeepPIV has been uploaded to MBARI’s video collections (see cifs://atlas.shore.mbari.org/DeepPIV) and is available to MBARI researchers and collaborators by request. Engineering methods and products developed as a result of this effort will be shared via publications, presentations, and with other institutions to facilitate small-scale, in situ fluid mechanics measurements during ROV deployments. Data will be made available to the broader oceanographic community once results are published.  
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.

None.
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.

None.
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? 

Yes, our activities are covered under MBARI’s existing permit.
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. 

Continuing collaborations with Jim Barry to study sponge feeding ecology may require working in Sur Ridge SESA in MBNMS.
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.

None.
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

	Low
	
	x
	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.





�2 or 3???


�Are we asking for ship time in DeepPIV or 


�Yes, we probably want dedicated dive days for any improvements we make


�This will encapsulate Brian Schlining’s efforts


�Not sure if we need this but I thought it would be good to include.
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