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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]   

Does it relate to the Technology Roadmap? If so, please describe how. 
(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)

   [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
Early in 2014 a new opportunity to evaluate several existing cytometers emerged. An activity on this scale was not planned and diverted us temporarily from our prototyping plans. But the activity was extremely useful, generating interest and collaboration with the Worden, Chavz, and Scholin labs. We borrowed several instruments from manufacturers and developers, learned how to use them, and analyzed ocean samples and cultures provided by the Worden, Chavez, and Scholin labs in a lab and in the field during Francisco Chavez CTD day cruise. These "loaner" instruments include the following:

· FlowCam (Fluid Imaging Technologies Inc.)
· Submersible Holographic Microscope (Resolution Optics, Inc.)
· Imaging Flow Cytobot (WHOI/McLane)

Instrument manufacturers/developers generously provided training, advice and data processing. 

The loaner instruments participated in two experiments organized by Chavez, during which samples were pumped through the rosette pump system developed by Gernot Friederich. 

· At-sea continuous pumped profiles: Instruments were set up aboard the RV Rachel Carson and connected to the pumped rosette via hoses; each instruments analyzed nearly the same pumped seawater in near-realtime during several casts between M0 and M1. The water was also analyzed with the SeaFlow cytometer (UW/Swalwell), the BD Influx cytometer (Worden lab), and LISST 100 (John Ryan). Niskin bottle samples were collected and analyzed by the instruments the next day in the lab.
· Pumped lab cultures: Seven cultures were obtained and passed through the rosette pump system in the lab. Each culture was analyzed with each instrument before and after pumping. Samples were also analyzed with the LISST 100, LISST Holo and the Zeiss-FluoArc fluorescent microscope. One purpose of this test was to ascertain potential cell damage from the pumping process.

The instrument data helped to clearly identify effects of the pump system (e.g. breakup of cell clumps) as well as provide a very useful dataset to guide investigation of cytometer/microscope technologies for future integration with LRAUV and other platforms. Analysis of the data is ongoing; preliminary results are documented at 
https://oceana.mbari.org/confluence/display/CytometerTech/Home

We plan to request additional resources to continue our analysis during the remainder of 2014. Of the three loaner instruments, FlowCam, and (especially) Imaging Flow Cytobot, have superior imaging and analysis capability, and particle size distribution and observed cell types are fairly consistent between these two instruments. Submersible Holographic Microscope is promising in its mechanical simplicity, but data analysis has proven difficult, time-consuming and the current software is somewhat buggy. 

In the process of evaluating currently available COTS flow cytometry systems, the project team makes some preliminary observations:
· All tested systems have a set of somewhat arbitrary instrument-specific detection thresholds and tuning parameters requiring involvement of a qualified operator; 
· Several of the instruments are in semi-quantitative agreement with regard to measured particle size distributions, with some exceptions. 
· Due to presence of arbitrary instrument-specific thresholds, it is not easy to access what is excluded from detection, and therefore there is a certain ambiguity in assessment of microbial populations. 
· In regard to chlorophyll fluorescence, essential to discrimination of live organisms from non-living particles; 2 out of 3 tested instruments provide capabilities of triggering on fluorescence, but provide no measurements of chlorophyll content beyond the fact that particles fluoresced above the threshold level.  
· [bookmark: _GoBack]The bench-top Zeiss-FluoArc fluorescent microscope used by the Chavez group on the other hand, offers a very clear visual input for organism classification, based on shape, morphology, intensity, and color of fluorescence, and it is essentially “a gold standard” for a present study. However this approach requires extensive manual procedures and human operator to filter a culture and identify/ count microorganisms on a filter. 
· With the exception of the Submersible Microscope, tested systems are quite large and not a particularly good fit for a mobile platform in their present configuration. 
· Flow cytometers such as IFCB and SeaFlow that analyze a relatively small volume of water are limited in their ability to analyze a stream from a fast-moving vertical profiler. The profiler must be significantly slowed to allow a statistically significantly water volume to be analyzed. 

In last year's proposal, prototype development was the main proposed 2014 activity. However the previously unplanned opportunity to borrow and evaluate available cytometers has consumed most of our project resources this year. In the limited time remaining this year, Klimov will continue development of components for the fluorescent particle counter. 

Does it relate to the Technology Roadmap? If so, please describe how. 
(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)

This project is clearly relevant to elements of the Technology Roadmap
· Ecosystem processes, problem statements 3 and 4: Cytometer-microscopes are capable of quantifying both photosynthetic and non-photosynthetic particle distributions, and can potentially identify living cells to the genus level. When integrated with a mobile platform, these instruments can characterize cells an other particles in both spatial and temporal domains. Our emphasis is on autonomous technologies that don't require constant human attendance. 
· Ocean visualization, problem statement 6: Some of these instruments are equipped with cameras that provide high-quality cell images, revealing organism identity. Instrument measurements thus can yield organism abundance and distribution in time and space, especially when integrated with a mobile platform. In addition these images are useful for public outreach, as they are beautiful and interesting. 

Significant changes from previous project proposal 
This year we pursued a previously unplanned opportunity to borrow, evaluate and compare several available cytometers/microscopes, with the intent of identifying the most promising technologies for eventual integration with small autonomous platforms. This new activity has consumed most of our project resources this year, but we believe the effort to be extremely valuable and worthwhile. For this reason the prototype development originally planned in 2014 has largely been deferred to 2015.

Publications based on the results of this project only

   [Click here to enter text]   

c) New and Continuing Projects: Plans for 2015

Research Activities
O'Reilly will continue analysis of the 2014 data. In particular we'll compare the loaner instrument data to that of SeaFlow and the Worden lab's InFlux cytometer.  In addition the loaner instruments have software that claims to automatically classify and identify cells with minimal human interaction. This capability would be very valuable scientifically if practical and reliable. Therefore we plan to evaluate the identification software against the 2014 data set, for IFCB, FlowCam, and Submersible Microscope. 

In addition we have ongoing discussions with external collaborators regarding future integration of a cytometer with Wave Glider or LRAUV - these collaborators include Sosik (WHOI), Swalwell (UW), and the Jupiter Research Foundation. We'll continue these discussions in anticipation of future project opportunities.

The opportunity to borrow another cytometer for evaluation may emerge in 2015, and we'll reserve resources for this purpose.

We'll continue to look at the tradeoffs between integration of an existing instrument such as SeaFlow versus development of an in-house instrument. If we were to proceed with development of a deployable MBARI instrument, it's obvious that such a device should provide capability unmatched by existing cytometers. We'll work to understand the trade-off between instrument cost and science value. E.g. low-cost cytometers based on cell phone technology have been developed for water quality and blood analysis applications; a similar device might provide micro plankton cell counts and biomass estimates, either integrated with an autonomous platform or carried in one's hand. Larger, more expensive sophisticated devices such as one based on the SeaFlow cytometer could provide detailed knowledge of pico- and nano plankton populations and might be designed especially for LRAUV integration. We'll compare these various approaches, through discussions with MBARI scientists. 

Engineering/technology development
Field programs (detail ship requirements/deployments/diver requirements)
The team is continuing the bench-top instrument development outlined in 2014 proposal (Imaging Fluorescent Particle Counter - IFPC), with several important modifications: 
· Fluorescent imaging to identify chlorophyll-containing organisms and to distinguish them from inorganic particles: 2 channels, one of scattered light, and another would be fluorescent image. 
· Simplified algorithm of image processing, allowing real time image processing without human intervention. Several parameter would be calculated automatically: (1) identification of organism or particle “containment box”; (2) For each “containment box”, two dimensions are extracted: width, and length; (3) For each “containment box”, for optical signal and fluorescent signal, is integrated pixel-by-pixel, thus providing a proxy to the organism biomass and chlorophyll biomass. 
· Based on real time processing of those parameters, biomass/ chlorophyll counters could be run, and size statistics accumulated, thus providing size distributed biomass information. 
· Important emphasis would be made to have the algorithm providing “continuous” data graphs down to a noise floor, as an attempt to cope with a problem of “arbitrary exclusion”. 

The main purpose of this work is to explore approaches that might one day be used in an MBARI-built instrument, as well as give us first-hand knowledge of cytometer technology for future integration efforts.

Specific deliverables

· Final report on 2014 experiment comparing loaner instruments, including evaluation of  particle identification software.
· Trade-off analysis of instrument buy versus build. For build option, trade-off analysis of cost versus capability. 
· Results of IFPC bench-top prototype: energy analysis, test results, trade space, ~ size, ~ power, ~ cost. 


Milestones (see personnel classification list)

   [Click here to enter text]   

	2015 Project Start Date: 
[bookmark: Text9]MM/DD/2015
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Total Resources[footnoteRef:4] for each resource category for all milestones listed here [4:  This number should be the same number you entered on the resource requests for this particular resource.] 


	Milestone Date
	Q1
	Q2
	Q3
	Q4
	

	Milestone Description
	Build-vs-buy tradeoff report, IFCB design
	Demonstrate/test IFPC
	complete instrument comparison report
	IFPC evaluation report
	

	EE
	120
	80
	120
	40
	360

	SE
	80
	80
	80
	40
	280

	ME
	40
	40
	20
	20
	120

	EE Tech
	20
	
	
	
	20

	SE Tech
	
	
	
	
	

	ME Tech
	20
	
	
	
	20

	Machine Shop
	20
	
	20
	
	40

	Divers
	
	
	
	
	



Budget justification

	Item
	Description
	Account
	Cost

	1
	Books
	5020-000 - Books
	$100

	2
	Regional travel for a purpose of visiting collaborators, or collaborators visiting MBARI
	5500-000 - Travel - Domestic
	$1,200

	3
	OEM components for proof-of-concept and prototyping
	5320-000 - Supplies - Eng Lab
	$3,200

	 
	Instrument rental fee
	5170-000 : Outside Srvc - Equip Rental
	$600


	 
	Instrument shipping cost
	5200-000: Postage/shipping
	$500

	4
	Miscellaneous supplies
	5360-000 - Supplies - General
	$900

	 
	 
	Total
	$6,500



Project team

Francisco Chavez - Lead scientist. Provides evaluation of potential application and usability of proposed instrument methods.

Denis Klimov - Lead engineer. Will continue working on IFPC test-bed/prototype.

Tom O'Reilly - Project manager. Will evaluate particle identification software for existing instruments, computing hardware/software for IFPC test-bed. Manage external collaborations.

Andy Hamilton - ME and hydrodynamics expertise, advice, feedback, flow cell design

Project lab space

Lab space in the B232 is well equipped with electrical and opto-electronic test equipment and work space; and should be sufficient for proposed activity

Data availability outside project team, uniqueness
Sosik is providing extended processing of data acquired by IFCB at MBARI, and it is her policy to make all such data publicly available. The MBARI data can be found on the WHOI web server at http://ifcb-data.whoi.edu/IFCB102_MBARI_Apr2014/dashboard/pid/http://ifcb-data.whoi.edu/IFCB102_MBARI_Apr2014/D20140410T160808_IFCB102

Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

N.A.

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.

N.A.

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. 

None

Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	
	
	
	





