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1) ABSTRACT (new projects only)
Our knowledge of marine microbial ecosystem dynamics would greatly benefit from improved spatial and temporal resolution of cytometric measurements. We propose to examine cytometer technologies that could be integrated with small autonomous platforms such as LRAUV. These technologies address a wide variety of target cell characteristics (e.g. size, fluorescent pigment content) and feature various measurement methods (e.g. “simple” cell counting versus imaging). We'll perform a literature review of existing instruments, from the point of view of the science data they provide and potential adaptation to LRAUV. We’ll contact engineers in academia and industry who are working on these technologies, and may invite some to discuss their work at MBARI. We will identify, build and evaluate some components in the lab such as optical and fluidic subassemblies, with a focus on sensitivity to mechanical shock and vibration, thermal cycling, and other characteristics of the LRAUV environment. We will examine various cytometer configuration options within the LRAUV payload, ranging from a very capable but large instrument that occupies virtually the entire payload, to smaller and less-capable instruments that could share the payload volume with other "core" AUV sensors (ISUS, CTD, etc). We'll construct simple models of cytometer performance to better understand design tradeoffs. Throughout the project we’ll consult with CANON PIs to evaluate potential science value of the various approaches. Finally we'll write a report describing the value, adaptability, and risk matrix of various designs. This project addresses the “exploration and discovery” and “observing ecosystem dynamics” strategic themes.

2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
Current knowledge of the distribution and abundance of microbes in the ocean is largely due to the use of  cytometry, in which water samples are run past a laser or other light source; the resulting scattered light and fluorescence reveal details of cell size and fluorescent pigment content (which lead to taxonomic identification), as well as cell abundance. Most commercial flow cytometers are large, power-hungry and complex, requiring continual presence of a human operator. Thus until recently marine cytometry studies have usually been limited to widely-spaced, discrete samples collected from ships. If small low-power autonomous cytometers could be obtained, they could be mounted on autonomous platforms - mobile, moored, or stationary. These deployments could greatly increase the spatial and temporal resolution of cytometric measurements, thereby improving our understanding of microbial ecosystem makeup and dynamics.

The 2010 MBARI CANON Sampling Workshop included breakout sessions focused on phytoplankton blooms/HABs, open ocean eddies, and zooplankton layers; all of these groups identified autonomous cytometry as a key technology in their respective focus areas. The phytoplankton and eddie groups noted that cytometry could play a key role in adaptive sampling by autonomous platforms, e.g. microbial identification performed in situ or remotely on shore could be a determinant for triggering water samplers. The open eddy group noted that cytometer integration with a small AUV could be particularly revolutionary, enabling “four dimensional” microbial measurements.

New developments in cytometer design enable small, low-power instruments that do not require continual human presence, and that are potentially suitable for integration with autonomous platforms. Several mooring-deployable flow cytometers now exist, including the commercial CytoBuoy and WHOI’s Imaging Flow CytoBot. The University of Washington’s SeaFlow instrument utilizes novel optics and fluidics, and is one of the smallest platforms available while also having the resolution to interrogate small phytoplankton. Outside of the oceanographic domain, investigators at UCLA have developed a low-cost fluorescent cytometer that can be integrated with a cellphone. These instruments and others address a broad range of cell size, counting rate and measured cell characteristics. It is important that MBARI investigate a range of cytometer technologies as candidates for integration with autonomous platforms, evaluate the likely scientific value of their data, and understand the tradeoffs between data quality, instrument complexity, size, power consumption, and other factors.

How does it relate/contribute to MBARI’s mission and strategic plan?
This project contributes to Ecosystem Dynamics and Ocean Biogeochemistry.  Both of these research themes rely on the ability to sense the microbial components of marine ecosystems; the first theme revolves around observing and understanding marine microbial systems, while the second addresses fundamental chemical cycles which are largely mediated by microbial ecosystems.  Both themes are challenged by the high cost and under-sampling of the microbial ocean.  This proposal directly addresses these fundamental challenges, focusing on exploring AUV-compatible cytometer technologies capable of discriminating organisms based on size and optical characteristics.

This proposal is also consistent with strategic plan objectives and strategies. This feasibility study clearly fosters technological innovation through development of truly revolutionary capability, in accordance with strategy 1.3.  This proposal will develop MBARI cytometer engineering expertise (strategy 2.2).

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.)
This project aligns well with the Ocean Visions strategy to Understand the Functioning of Ocean Ecosystems. Diversity and interactions among microbial populations are critical to the geochemical cycles that maintain Earth’s biosphere. We expect that autonomous cytometer deployments will greatly enhance our understanding of ocean microbial ecosystems, and will enable the collection of microbial time series. These time series could be used to measure the response of microbial ecosystem response to climate change and ocean pollution, consistent with the Ocean Visions “Reduce pollution” and “Mitigate and adapt to climate change” focus issues. As the technology matures, it could be adopted by fisheries and other agencies, in support of Ocean Vision objectives to “Restore ecologically important fisheries” and “Improve coastal management”.
Approach to the problem
We propose 1-year Feasibility Study to identify the existing technologies, emerging technologies, or possibility of new technology development which are adaptable to small low-power autonomous platforms. For this Study, we will focus on LRAUV, but some or our findings may be applicable to similar autonomous platforms that require small size, low power consumption, and automatic unattended operation for their payloads. 
Specifically, project goals include: 
· Identify a cytometer technologies that can be integrated with autonomous platform such as LRAUV, within resources and capabilities available at MBARI

· Determine the trade-off matrix of scientific “performance” and complexity, power, size and other engineering characteristics for these technologies. 

We propose the following Evaluation Criteria for selecting candidate cytometer technologies:

· Adaptability to autonomous platform (REFERENCE: Appendix A): 

· Size

· Power

· Immunity to shock, vibration, orientation and other aspects associated with motion 

· Pressure rating and possibility of its improvement and minimizing risk of flooding

· Communications  and other aspects as needed

· Scientific “performance”: 

· Classes of organisms identified

· Sensitivity and operation range (e.g. open ocean, coastal regions, etc) 

· Throughput, frequency of useful detection events

· Measured parameters, method, (scattering/ fluorescence, etc.)
· And ultimately, what is the scientific application and questions with technology can provide?   

· Operational complexity and stability: 
· Alignment or realignment requirement in a field

· Sensitivity to biofouling 
· Calibration and re-calibration requirements  

· Self-clearing of clogging (e.g. jelly fish) 

· “Health” reporting to main CPU to optimize usage of on-board battery
· MTBF in unattended operation mode at least matching vehicle endurance 

· Real time actionable data availability: 

· Ability to provide the data for making a real-time on-board decisions for adaptive sampling

· Transferrable via low bandwidth telemetry channel (e.g. to redirect other resources etc)

· Cost:

· Development cost

· Fabrication cost

· Operational cost 

In addition, we would evaluate how technologies fit into LRAUV Concept of Operations. These CONOPS aspects may include:  

· Multi-vehicle operation 

· Validation to lab cytometer on board the ship (CANON?)

· Provide low-resolution data to direct other assets or alter the mission

· Adaptive sampling in the area of interest

· Sample screening for 3G ESP instrument 

In a lieu of firm science requirements, it is hard to follow the traditional system engineering approach. So we propose to use “technology push” and the following simplified RAD (Rapid application development) development cycle: 

· Science requirements identified (initially could be vague)
· Firm engineering requirements identified

· Solution offered; pros and cons identified

· System performance model is used to evaluate trade-offs 

· Science team members (CANON) to provide feedback on value expected from candidate technologies
· Requirements corrected and repeat
Publications (from other projects over the last 5 years)

No
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
   [Click here to enter text]   
Significant changes from previous project proposal 

   [Click here to enter text]   
Publications based on the results of this project only
   [Click here to enter text]   
a) New and Continuing Projects: Plans for 2013
Research Activities
No
Engineering/technology development

We propose the following Scope of efforts for this Feasibility Study:

· Paper review of existing technologies from point of view of their scientific value of the date they provide (literature data); and adaptability for LRAUV (Evaluation Criteria)

· SeaFlow

· Cellphone cytometer

· Imaging cytometry 

· Open space cytometry 

· Others
· Invited lectures, travel
· Evaluation in the lab
· Demo units from vendors, collaborators
· Acquire COTS subassemblies, build prototypes
· Evaluate LRAUV configuration trade-offs
· How Cytometer fits into LRAUV architecture and CONOPS
· Integration with other payloads: 3G ESP, CANON water sampler
· Identify duplicated functionalities, e.g. fluid management

· Construct simple models of cytometer system performance to understand the trade space (e.g. spreadsheets, or Matlab models). Meet with CANON PIs to evaluate scientific “performance”, establish and evaluate a trade matrix.
· Write a report based on value-adaptability-risk matrix
Preliminary, here are LRAUV configuration options for a Cytometer: 

· Dedicated, high sensitivity instrument, occupying most of the nose section of LRAUV

· Compact; less sensitive instrument that is small enough to be a "core" sensor along with CTD, ISUS, etc. Core sensor meant that it can be present in most vehicle configurations. 

· Cytometer is implemented as ESP module; sharing fluidic path. 

Field programs (detail ship requirements/deployments/diver requirements)
No
Specific deliverables
· Paper review of cytometer technologies

· Laboratory prototypes

· Final Report

Milestones (see last page for personnel classification list)
	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	3/1/2013
	4/15/2013
	6/1/2013
	10/1/2013
	12/15/2013
	

	Milestone Description
	Complete paper review
	Identify lab tests,  travel, collaborators 
	Acquire equipment materials
	Trade-off matrix defined
	Final report
	

	EE
	40
	60
	80
	140
	60
	380

	SE
	40
	60
	60
	80
	60
	300

	ME
	
	
	40
	40
	
	80

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	
	40
	
	40

	Divers
	
	
	
	
	
	


Budget justification
	Item
	Description
	Account
	Cost

	1
	Books on a subject
	5020-000 - Books
	$80

	1
	Domestic travel for invited speakers to host seminars about cytometer technology
	5500-000 - Travel - Domestic
	$3,400

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

	3
	Rental or demo unit for testing at MBARI
	5170-000 - OS-Equipment Rental
	$400

	5
	Software for image analysis, for a "free space cytometry" 
	5310-000 - Supplies - Software
	$800

	4
	OEM components for proof-of-concept and prototyping
	5320-000 - Supplies - Eng Lab
	$2,700

	6
	Test-specific equipment such as compact OEM laser or imaging camera
	5330-000 - non-Capital Equipment
	$2,600

	7
	Miscellaneous supplies
	5360-000 - Supplies - General
	$900

	8
	Supplies to run tests on Worden's lab flowcytometer, or collaborator's cytometer
	5380-000 - Supplies - Science Lab
	$300

	8
	Shipping, taxes, contingency
	 
	$1,100

	 
	 
	Total
	$13,400


Project team
James Bellingham: PI, liaison to CANON PIs; LRAUV trade-off studies

Tom O’Reilly: Project Manager; literature review; prototype software (SE)
Denis Klimov: Lead Engineer; literature review; prototype hardware (EE)
Jon Erickson: pressure-tolerance modeling and aspects of AUV integration (ME)

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. Any LRAUV-specific test can be performed in the LRAUV lab. 
Data availability outside project team, uniqueness

No data outside project team will be made available. 
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
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	
	
	
	


Personnel Classifications

	Engineer - 

Mechanical Engineer
	Engineer - 

Electrical Engineer
	Engineer - 

Software Engineer 
	Engineer - 

Mechanical  Tech
	Engineer - 

Electrical Tech
	Engineer - 

Software Tech 
	Observ Support Technician 
	Science – 

Software Engineer

	(Reg)
	(Reg)
	(Reg)
	(Reg)
	(Reg)
	(Reg)
	(Reg)
	(Reg)

	Jim Birch (2/3)
	Mark Chaffey
	 Dave Caress 
	John Ferreira
	Paul Coenen 
	Karen S
	Mike Kelley
	Mike Godin

	Larry Bird
	Scott Jensen
	 Danelle Cline
	Frank Flores
	Tom Marion
	
	Jared Figurski
	Frederic Py

	Francois Cazenave 
	Chad Kecy
	 Duane Edgington(2/3)
	Mike Parker
	Jim Montgomery
	
	
	

	Jon Erickson
	Denis Klimov
	 Kevin Gomes (2/3)
	Jim Schofield
	Jose Rosal
	
	 
	

	Dale Graves (2/3)
	Paul McGill
	 Kent Headley (2/3)
	
	
	
	 
	 

	Andy Hamilton (2/3)
	Ed Mellinger
	Rich Henthorn 
	
	
	
	 
	Science – 

Mechanical Engineer

	Brett Hobson
	Craig Okuda
	Bob Herlien
	
	 
	 
	 
	(Reg)

	Bill Kirkwood
	Alana Sherman
	 Brian Kieft
	
	 
	 
	 
	Gene Massion 

	Doug Pargett
	
	Thom Maughan 
	
	 
	 
	 
	 

	Farley Shane
	
	Mike McCann
	
	 
	 
	 
	 

	
	
	Rob McEwen
	
	 
	 
	 
	 

	
	
	Tom O’Reilly
	
	
	
	
	

	
	
	Wayne Radochonski
	
	 
	 
	 
	 

	
	
	Mike Risi
	
	 
	 
	 
	 

	
	
	Brent Roman
	
	
	
	
	

	
	
	Carlos Rueda-Velasquez
	
	
	
	
	

	
	
	Brian Schlining
	
	
	
	
	

	
	
	Rich Schramm
	
	
	
	
	

	
	
	
	
	
	
	
	


Appendix A. 

Draft requirements, specific to adaptation to LRAUV:

· Depth Rating: 300 meters; functional depth rating can be smaller, for instance 150 meters
· Vehicle endurance: system should be possible to repeatedly turn on and turn off, go to low power mode.  
· Safety/sinking: instrument may not cause change of AUV buoyancy. If instrument floods, it might sink vehicle.
· Orientation: instrument shell be operational within +/- 30 degrees Pitch, +/- 10degrees Roll.
· No moisture allowed in pressure hull, even in case of power loss, other vehicle problems; flow path should be isolated from main electronics volume; flood and humidity protection
· Shock/vibration: Must deal with moderate mechanical shocks (transportation, launch and recovery) - this could affect optical alignment
· Thermal/transportation: can get hot sitting on deck, thermal excursions in transit. Applies to transportation, launch, recovery, storage
· Thermal/operational: -2 to +35 degrees operational range.
· Intake should be clear of boundary layer.
· Lag between intake and flow cell should be well-understood
· Status reporting: need remotely accessible health status; e.g. how do we know it's clogged? Optical alignment OK?
· Low resolution data reporting: provide data to be transmitted to shore, to make decisions/ redirect assets.
· Self-clearing, de-clogging capability

� 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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