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Particle characterization technology for autonomous platforms
1) ABSTRACT (new projects only)
   [Paste abstract here]   

2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
   [Click here to enter text]   
How does it relate/contribute to MBARI’s mission and strategic plan?
   [Click here to enter text]   
How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents3.htm#Packard for documents.)
   [Click here to enter text]   
Approach to the problem
   [Click here to enter text]   
Publications (from other projects over the last 5 years)

   [Click here to enter text]   
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
In this proposal we use the term "cytometer" to mean a device that measures characteristics of single cells, whether through scattered/fluorescent light pulse measurement (traditional "flow cytometers") or through direct imaging ("imaging cyteomters", a form of microscope). We have reviewed and compared characteristics and capabilities of existing cytometers, including "off the shelf" as well as experimental instruments. [TABLES/LINKS]
This year we plan to build a fluorescence microscopy test-bed as a means to test concepts and gain invaluable experience in building instrumentation that is very relevant to CANON goals. Klimov is currently designing test bed optics and other hardware; we plan to demonstrate the test bed at the end of 2013, with exploration of analysis algorithms planned for 2014. [DENIS, MORE DETAIL HERE PLEASE]
Significant changes from previous project proposal 

During 2013 we have learned that cytometers are somewhat limited in the range of particles that can be measured, and we have not identified a specific cytometer that can measure particles across the entire range of interest to CANON scientists. Moreover it's now clear that cytometer integration times of many minutes may be needed to acquire statistically significant cell counts, depending on number density of the target organism. These long integration times are problematic on a moving AUV that may move into completely different populations of organisms within a time span of seconds.  
Moreover as this and other instrumentation projects have progressed in 2013, we now increasingly understand that the suite of in situ instruments in use at MBARI, even on the very well-equipped Dorado vehicle, do not yet provide an integrated characterization of particles and organisms across the size scales of interest. In many cases users do not fully understand the capabilities and limitations of these instruments, and in some cases the instruments are not sufficiently calibrated. As a result, data from these instruments are under-utilized by MBARI scientists. In addition, commercially available instruments not currently owned by MBARI could potentially be very useful to CANON, and we believe these should be procured on a "loaner" basis where possible and evaluated.
Consequently we propose to broaden the scope of this feasibility study beyond cytometers; we will also consider how best to utilize these other existing particle characterization instruments.  Note that some of these devices directly measure particles at the microscopic scale (e.g. LISST HOLO, FlowCam) while others measure "bulk properties" at the macro scale (e.g. WETLabs ECOPUCK, LISST-100). Our goal is to identify a suite of instruments - cytometers and others - that could be used aboard autonomous platforms for in situ measurement of organisms and particles relevant to CANON. Our approach will be to measure "standard" samples with each instrument in the suite and compare the results. The standards may include monocultures, "wild" samples, calibration beads, or a combination of these. Note that some instruments are complementary to one another - e.g. ECOPUCK measures bulk chlorophyll while LISST-100 measures particle size distributions - while others are "competitive" with one another - both LISST HOLO and FlowCam acquire particle images. 
In addition to characterizing their data, we will identify and study barriers and bottlenecks to autonomous in situ operation of these instruments. E.g. to identify organisms at the species level in imager data typically requires that the software be "trained" to detect key characteristics, and often requires continual interaction with human operators. A much higher degree of automation is required for unattended processing aboard an AUV or other autonomous platform. We will explore alternative approaches to overcome to barriers and bottlenecks. 
Publications based on the results of this project only
   [Click here to enter text]   
c) New and Continuing Projects: Plans for 2014
Research Activities
Proposed activities in 2014 include:

1) Lab characterization of commercial particle sensors currently in use on Dorado and LRAUV, including WETLabs ECOPUCK, LISST HOLO, LISST-100, LOPC, as well as the fluorescent microscope test-bed developed by this project.  This work will be carried out in collaboration with the Bellingham, Chavez, Worden, and Vrijenhoek labs.

2) Lab characterization of ‘loaner’ instruments.  For example we are currently working with the FlowCAM folks to test that system’s ability to replace – partially or in full – microscopic analysis of BOG water samples, and may also borrow a CytoSub cytometer from Dugdale at SFSU.
3) Lab characterization of fluorescent microscope test bed, with refinement as needed. 

4) Conduct tests with laboratory instruments not currently in use in the ocean sciences – for example light scattering sensors in use for industrial process control measure particle size densities across two orders of magnitude greater dynamic range than the LISST 100x.

5) Develop an integrated observational strategy using multiple sensors to provide particle characterization across the desired size range.  This strategy will likely include analysis of water samples.

6) Develop methodology for screening acquired water samples to prioritize genomic analysis.

Engineering/technology development

   [Click here to enter text]   
Field programs (detail ship requirements/deployments/diver requirements)
   [Click here to enter text]   
Specific deliverables
   [Click here to enter text]   
Milestones (see personnel classification list)
   [Click here to enter text]   
	2014 Project Start Date: 
MM/DD/2014
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	
	
	
	
	
	

	Milestone Description
	
	
	
	
	
	

	EE
	
	
	
	
	
	

	SE
	
	
	
	
	
	

	ME
	
	
	
	
	
	

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	

	Divers
	
	
	
	
	
	


Budget justification
   [Click here to enter text]   
Project team
   [Click here to enter text]   
Project lab space
   [Click here to enter text]   
Data availability outside project team, uniqueness

   [Click here to enter text]   
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

   [Click here to enter text]   
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.

   [Click here to enter text]   
Monterey Bay National Marine Sanctuary 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.) 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. 

   [Click here to enter SESA number, if applicable, or enter "None"]   
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	
	
	
	


� This date and number should remain the same for the duration of the project. If your project start date for 2014 is not January 1, please indicate the start date in the first cell of the milestone chart.


� Development and infrastructure projects must complete the risk matrix (see item #5 at the 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 number should be the same number you entered on the resource requests for this particular resource.
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