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1) ABSTRACT (new projects only)

N/A


2) PROPOSAL

2a) Introduction

At the beginning of 2007 we formed the SURF center (Sensors: Underwater Research of the Future).  Our objective was to manage the ESP engineering development, marine operations and technology projects as one coordinated project.  This year “SURF” is supported by this MBARI project (900612) and four external grants (NASA, Moore Foundation, CMORE, NSF).  We propose to continue SURF in 2008.  

First, a summary of activities and financial report for 2007 is presented.  Second, objectives and milestones established for the externally funded work in 2008 are outlined, as is work proposed under the MBARI portion of the center (900612).  Given the projected externally funded work, including new funding from NSF and NOAA, we estimate labor, benefits and overhead costs associated with 2008 operations.  Finally, goals for the suite of projects that will be active in 2009 are included, as is a brief discussion of options for continued funding of SURF beyond 2009.

When reviewed this proposal should be bundled with 703506 (NASA), 800560 (Moore), 708602 (C-MORE), 70132 (NSF Creativity Award), and 708800 (WHOI/NERACOOS
).  Resource requests associated with each project are tracked in the MBARI accounting system as separate entities with separate budgets.  Only requests specifically related to this internal proposal are budgeted against 900612.  The milestones and rolled up labor requests for all of the external grants are presented in this one document to facilitate proposal review.

2b) Status of the SURF Center and results to date.

The ESP system consists of three major components: external sampling modules, the core sample processor (“core ESP”) and analytical modules.  Individual grants currently supporting development of the ESP focus on different aspects of that overall system.  The NASA project (703506) is aimed at refining the design and application of deep-water sampling and the analytical module concept.  The NASA grant also provided funds to build a copy of the core ESP that will be dedicated to deep-water operations.  

The Moore Foundation project (800560) is concentrated on developing the analytical module concept further, including construction of multiple copies of a “microfluidic block” (MFB) for the core ESP and transfer of that technology to groups outside of MBARI.  The objective of transferring the MFB to other groups is being driven in large part by investigators associated with the CMORE Science Technology Center (http://cmore.soest.hawaii.edu/), many of whom are Moore Foundation grantees (e.g., Karl, DeLong, Zehr).

Our part in the CMORE project (708602) relates specifically to Theme III (http://cmore.soest.hawaii.edu/cmore_theme3.htm), development and application of technologies for remotely sensing microorganisms and the genes they express in the open ocean.  Under CMORE we plan to build 1-2 copies of the core ESP fitted with the MFB and attendant analytical module(s), then deploy off Hawaii.

The NSF grant (701312) originally provided funds for construction of the core second generation (2G) ESP and a mooring for deploying that instrument in surface waters.  It also paid for parts required to assemble 3 additional copies of the core ESP.  Earlier this year, our NSF program manager offered to continue this grant under the auspices of a Creativity Extension.  

Complementing all of these external grants is this project (900612), Applications of the 2G ESP (also the administrative home of SURF).  During this year our MBARI project has focused primarily on constructing the 3 core ESPs whose parts were paid for by NSF, for organizing field operations, and for exploring options for ESP technology transfer.  In the section that follows we briefly summarize the status of all of these projects and results to date.
703506 – NASA D-ESP

Status of project

· Y2 of a 3-year project.

· Includes co-PIs at LLNL, Caltech and JPL.

· LLNL group is providing a real-time PCR module for the ESP, the Caltech group and we (under 900612) are working on new analytical chemistries for ESP, and the JPL group is conceptualizing a design for an “ESP-like” device for use in extraterrestrial exploration.

· Y-2 progress report due end of Sept 2007.

· Y-3 renewal should be announced by ~Dec 2008.

· Developing conceptual design for 4000m-rated system.

· Planning for installation on MARS.

Results to date

· Detailed design for MFB/PCR module integration with core ESP completed.

· Prototype PCR module built at LLNL; CDR at LLNL completed May 2007 (at LLNL)

· Dedicated deep-water rated ISUS (contextual sensor) built in-house by L. Coletti and integrated with the core ESP for both surface and deep-water 2007 deployments.

· For education/outreach developed 2 animations illustrating concepts behind current surface water operations and a variety of applications targeted in the future (coordinated by G. Matsumoto).

· Demonstrated successful operation of the D-ESP system to 1000m.

· Provided partial support for Dianne Greenfield (postdoc) to evaluate methods for collecting large sample volumes.

· Project planning, resource estimates scoped for 2008.

800560 – Moore Foundation

Status of project

· Y-2 of 3-year project.

· This is a proof-of-concept study; additional funding from the Moore Foundation is possible but not certain.

· Leveraging MFB concept/PCR module from NASA project.

· Subaward with Tufts University (Walt lab) in-place.

· Project being driven by needs of CMORE researchers.  In particular we are working with J. Zehr at UCSC and Ed DeLong at MIT to refine functional requirements and use case scenarios.

· Greater emphasis on building the MFB as something that can run as a standalone device on the bench and transferring that technology to external partners via that interface.  Through transfer of a standalone MFB, labs outside of MBARI can develop detection technologies for the ESP without necessarily having access to a actual ESP.

· Hired new Mechatronics Engineer, Adeline Harris, to work full-time on this grant.

Results to date

· Key analytical capabilities required in the near term identified: real-time PCR capability and moderate density DNA probe arrays (e.g., 100’s of unique probe spots in a ~10x10mm area).  Also identified as a “nice to have” is capillary electrophoretic capability since that technology would allow for analyses of PCR products based on fragment size (as opposed to specific sequences).  That kind of analysis is done commonly for “fingerprinting” microbial populations

· MFB prototype built and undergoing testing.

· Walt microbead array has been difficult to work with thus far.  The device shows promise but at this time we do not have specific plans to incorporate it as an analytical module as was originally planned.

· Purchased and installed in the Scholin lab a commercial microarray printer as an alternative to the Walt microbead array to meet the requirement for moderate density DNA probe arrays.  Such arrays cannot be produced using our existing contact pin printer.

· Project planning, resource estimates scoped for 2008.

708602 – CMORE

Status of project

· Y-1 of 5-year project; additional 5 years of funding possible (2011-16).

· Y-2 funding confirmed.

· Heavily leveraging NASA, Moore Foundation projects.

· Scholin is serving as Theme III lead (http://cmore.soest.hawaii.edu/cmore_theme3.htm).

Results to date

· Developing concepts for how the ESP system will be deployed in the context of open ocean research.

· Provided partial support for Dianne Greenfield (postdoc), Nilo Alvarado (Term Sci Tech) and Chris Frendhl (summer intern).  Collectively, that group has worked on methods for high volume sampling, microarray printing and direct detection of mRNA (in conjunction with 703506, 800560 and 900613).

· Project planning, resource estimates scoped for 2008.

701312 – NSF

Status of project

· Y4 of a 4-year grant (3-year + 1-year extension).

· 2G ESP operational.

· Acquired parts for 3 additional 2G ESPs (less pucks) and some parts for an additional surface mooring.

· Nominated for 2-year Creativity Award extension ($750K total).  The proposal was submitted July 2007; approval pending.

Results to date

· Successful lab and field trials.  The same core ESP has been fielded multiple times in both surface waters and to 1000m.

· Detailed parts list, solid models and machine prints available.

· Demonstrated application of 3 different classes of DNA probe arrays (bacteria, HAB species, invertebrates) and 1 class protein array (for domoic acid – algal toxin) during the same deployment.

· External “contextual sensors” (CTD/fluorometer/transmissometer; ISUS) integrated; CTD/ISUS packages fielded successfully with the ESP in surface and deep-water deployments.

· Invited and contributed oral and poster presentations at national and international meetings.

· Project planning, resource estimates scoped for Creativity Extension.

900612 – MBARI ESP Applications

Status of project

· Major objectives for 2007 were to:

· deploy a single ESP twice in surface waters near M0 employing multi-threading command and control operations (spring).

· deploy the D-ESP system to 1000m using Ventana.

· deploy 2 ESPs in surface waters simultaneously (fall).

· develop a GUI and data management system.

· refine the design of the pucks (sample and reaction vessels) used in the ESP, and build an additional 1-2 sets of pucks for the new instruments.

· convene a workshop to facilitate technology transfer.

· explore options for effecting and funding technology transfer.

· implement new array chemistries (from project 900613).

· submit manuscripts for publication.

Results to date

· Successful surface water deployments completed at M0 (see 900613)

· Successful D-ESP dives to 1000m: detection of a variety of invertebrates associated with a whale carcass.

· We have uncovered a latent bug in the Ruby interpreter that is causing intermittent instrument failures.  We have developed a series of patches to deal with this problem, but the long-term fix is to use a new version of Ruby.  We hope to begin this transition later this year.

· Construction of 3 core ESPs underway (leverages the NSF grant).

· Preparing for simultaneous operation of 2 ESPs in surface waters this September.

· GUI/Data Management development underway with emphasis on mission planning tool.

· Pucks redesigned to be easier to manufacture and much cheaper than original prototypes.  Two complete sets of pucks are currently being fabricated.

· The proposal to support technology transfer to several groups doing HAB research was not funded, but a second technology transfer proposal to support a single group at WHOI was.

· Several engineers from Battelle spent 2 days reviewing the ESP, and now that organization is considering options for partnering with us with potential commercialization in mind.

· ESP users meeting/workshop is postponed till late 2007 since the main driver for that (MERHAB proposal) was not funded.

· New probe array chemistries (piezo arrays) are being ported to the ESP.

· Invited and contributed oral and poster presentations, national and international meetings.

· Have scheduled time for two external groups to use the ESP for lab studies at MBARI (NOAA, FL Fish and Wildlife, ~1 mo total time)

· Project planning, resource estimates scoped for 2008.

· SURF Center implemented.

· Peer reviewed publications: 

· description of ESP probe chemistries (D. Greenfield et al.)

· use of the Ruby scripting language to control the ESP (B. Roman et al.)

· overview of in situ sensors (including the ESP) for detection of marine microorganisms (J. Paul et al.)

· applications of the ESP and its probe chemistries to detect invertebrate larvae (Jones et al., accepted pending revision).

· Other manuscripts in preparation.

2c) Comments on 2007 resource projections

A tally of grant income (salaries, fringe, shiptime, overhead) budgeted for 2007 is shown in Table 1.  Actual expenditures to date and projected expenditures tallied through the end of 2007 are shown in Table 2.  Based on these assessments, the SURF Center is very close to meeting the overall budget targeted for 2007.  Note, that the projected total also includes salary for Adeline Harris, a new Center Term Engineer, which was not originally budgeted.

We would appreciate feedback from the MT (Mike Pinto in particular) as to how useful these numbers are, and guidance as to what changes might be implemented in the future to assist in providing relevant center financial reports (as per: http://mww.mbari.org/oed/Centers_020607.pdf).

Table 1.  Financial projection for the SURF Center external grants cast for 2007.

	
	NASA
	MOORE
	CMORE
	TOTALS

	
	703506
	800560
	708602
	

	
	
	
	
	

	 Total award amount 
	2,199,080

(yrs 1&2)
	665,468 (3yr)
	29,471 (yr1)
	

	 Year 1 
	1,096,666 
	
	
	

	 Year 2 
	1,102,414 
	
	
	

	 Award dates 
	12/1/05-11/30/08
	11/27/05-11/26/08
	8/1/06-7/31/08
	

	
	
	
	
	

	 Salaries  
	
	
	
	

	       Reg 
	36,096 
	188,573 
	15,220 
	239,889 

	       CIP 
	173,867 
	
	
	173,867 

	 Fringe on salaries 
	
	
	
	

	       Reg 
	19,138 
	47,143 
	8,067 
	74,348 

	       CIP 
	92,184 
	
	
	92,184 

	 Overhead on reg. salaries & fringe 
	25,960 
	29,465 
	10,945 
	66,369 

	 Overhead on non-salary expenses
	16,450 
	312 
	2,350 
	19,112 

	Ship time
	62,400 
	
	
	62,400 

	Totals projected for 2007
	426,095 
	265,493 
	36,581 
	728,170 


Table 2.  Financial projection for the SURF Center external grants based on expenditures through June 2007 and projections through December 2007.

	2007

	
	NASA
	MOORE
	U OF HAWAII
	TOTALS

	
	703506
	800560
	708602
	 

	YTD Billed Jan-Jun 2007
	
	
	

	 Salaries  
	
	
	
	

	       Reg 
	72,356 
	11,837 
	10,946 
	95,139 

	       CIP 
	41,422 
	8,065 
	
	49,487 

	 Fringe on salaries 
	
	
	
	

	       Reg 
	37,051 
	2,959 
	4,266 
	44,277 

	       CIP 
	21,962 
	2,016 
	
	23,978 

	 Shiptime-Internal 
	72,800 
	
	
	72,800 

	 Overhead 
	59,609 
	2,390 
	7,150 
	69,149 

	Totals
	305,200 
	27,268 
	22,362 
	354,830 

	
	
	
	
	

	PROJECTION Jul-Dec 2007
	
	
	

	 Salaries  
	
	
	
	

	       Reg 
	37,388
	16,675
	12331
	66,394 

	       CIP 
	124,915
	42,896
	0
	167,811 

	 Fringe on salaries 
	
	
	
	0 

	       Reg 
	19,823
	4,169
	6538
	30,530 

	       CIP 
	66,230
	10,724
	0
	76,954 

	 Shiptime-Internal 
	
	
	0
	0 

	 Overhead 
	26,889
	2,605
	8868
	38,363 

	Totals
	275,245
	77,068
	27,737
	380,050

	
	
	
	
	

	TOTAL 2007
	580,445 
	104,337 
	50,099 
	734,881 


Providing an assessment of how well our 2007 labor requests (labor days) match with current standings is problematic for several reasons.  First, with the departure of K. Wheeler, SURF began in 2007 without a project manager (PM) and shy actual SE time that Wheeler was to provide.  Doug Pargett took on the role of PM, but that effectively reduced the number of ME days available since a significant fraction of his time is now dedicated to filling the PM role.  To fill the ME void, we relied much more heavily on Mike Parker (ME Tech) than was originally proposed.  

Another example: the GUI/Data Management (GUI/DM) effort was initially delayed because Schramm, Gomes and Chase were busy with other projects.  Moreover, Wheeler had planned to work on this too, so getting the GUI/DM work going proved to be slow.  Once the team gained some momentum, Chase left MBARI so the effort was set back anew.  Brian Schlining stepped in for Chase, but that precipitated a re-scoping to develop a system that could draw best from the expertise available.  

Aside from staff turnover, we also had to make adjustments to various projects as the inevitable, normal problems arose (equipment failures, design delays), thus requiring shifting of detailed work plans and schedules.  Finally, the deliverables for both the CMORE and Moore Foundation projects have proven to be moving targets.  Functional requirements for both are evolving rapidly, so we have re-scoped our efforts accordingly (including delaying construction of some equipment).  While we are comfortable with how the CMORE and Moore plans are evolving, and we have much better definition of tasks for 2008 relative to 2007, last year’s projections for those projects proved largely inaccurate.

Given all the above, the net result has been a shift in labor from some projects to others.  Despite the shuffling, overall total days of labor expended to date and projected through 2007 are very much in keeping with what was proposed (e.g., as total days irrespective of labor category and overall grant expenditures).  However, the details of what specific persons are working on particular projects vary from the original 2007 proposal.  This is not surprising to us given the vagaries and challenges associated with managing 5 research/development programs as one overall effort with some of the workforce being matrixed.

2d) ESP publications 2006 – to date

Peer Reviewed
Jones, W.J., C. Preston, R. Marin III, C. Scholin, and R. Vrijenhoek  A Robotic Molecular Method for in situ Detection of Marine Invertebrate Larvae.  Molecular Eclology Notes (accepted pending minor revision)
Paul, J., C. Scholin, G. van den Engh, and M. J. Perry.  2007.  In situ Instrumentation.  Oceanography 20: 58-66.

Roman, B., C. Scholin, S. Jensen, E. Massion, R, Marin III, C. Preston, D. Greenfield, W. Jones, and K. Wheeler.  2007.  Controlling a Robotic Marine Water Sampler with the Ruby Scripting Language.  Journal of American Laboratory Automation 12: 56-61.
Greenfield, D.I., R. Marin III, S. Jensen, E. Massion, B. Roman, J. Feldman, and C. Scholin.  2006 Application of the Environmental Sample Processor (ESP) methodology for quantifying Pseudo-nitzschia australis using ribosomal RNA-targeted probes in sandwich and fluorescent in situ hybridization.  Limnology and Oceanography: Methods 4: 426-435.
Contribution
Scholin, C., S. Jensen, B. Roman, E. Massion, R. Marin, C. Preston, D. Greenfield, W. Jones, K. Wheeler. Accepted.  The Environmental Sample Processor (ESP) – An Autonomous Robotic Device for Detecting Microorganisms Remotely using Molecular Probe Technology.  Proceedings, OCEANS 2006 MTS/IEEE Conference.
2e) 2008 project plan overview

A relatively detailed overview of the work breakdown structure for the SURF center is shown in Figure 1.  From that plan we derived staffing and ship time requests as shown in Table 3.  Costs associated with labor, benefits and overhead for the 2008 externally funded portion of SURF are shown in Table 4.  A list of major objectives for each component of the SURF center is given below following the internal MBARI proposal format.

Budget and resource request justification is given in Section 3 only for the requests related to the MBARI component of SURF (900612).  Milestone summary tables for each subproject, grouped by project number, with rolled up labor requests, are given in Section 4.  Please contact Chris Scholin, Doug Pargett and Jim Birch should further clarification be necessary.


[image: image1]
Figure 1.  Work breakdown structure for all projects making up the SURF Center in 2008.  The objectives listed are more detailed than the rolled-up, high-level milestones given in Section 4.

Table 3.  Summary of labor and ship requests associated with the SURF Center for 2008.  Absent from this chart is George Matsumoto who will likely contribute to SURF through coordinating education and outreach activities primarily for the NASA and CMORE components.
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Quarter

Internal   

Proj No.

External 

Proj No.

Project Title

Eng Days

Total Days

Scott Jensen

Elec Eng

Doug Pargett

Gene Massion

Mark Brown

Jim Birch

Mech Eng

Brent Roman

Bob Herlien

Kevin Gomes

Rich Schramm

Soft Eng

Addie Harris

Cheri Everlove

Mike Parker

E Tech

M Tech

DMO Support

Divers

Roman Marin Nilo Alvarado

Chris Preston

Chris Scholin

Total Allocated 

1782 2232 220 17 212 42 13 50 9 220 15 50 30 82 240 240 80 109 126 15 12 120 150 120 60

Q1

703506

ASTEP (CIP) 186 191 19 2 32 10 8 5 1 46 10 23 30 5

800560

Moore 107 112 3 3 18 60 10 8 5 5

708602

C-MORE 34 46 5 5 5 10 2 5 2 12

701312

NSF 52 82 5 5 14 10 8 10 25 5

708800

WHOI

900812

MBARI ESP Apps 180 240 20 5 19 10 5 25 46 40 10 30 30

Q2

703506

ASTEP (CIP) 222 227 45 48 1 42 46 10 20 10 5

800560

Moore 86 91 9 2 12 60 3 5

708602

C-MORE 13 13

701312

NSF 10 40 10 25 5

708800

WHOI

900812

MBARI ESP Apps 188 248 31 3 40 1 33 25 25 5 14 11 30 30

Q3

703506

ASTEP (CIP) 86 91 15 15 10 9 5 7 10 15 5

800560

Moore 60 65 60 5

708602

C-MORE 71 83 9 9 10 23 10 10 12

701312

NSF 39 69 2 2 7 3 25 25 5

708800

WHOI 51 51 4 4 23 10 10

900812

MBARI ESP Apps 185 245 25 2 7 25 20 25 5 40 5 14 5 12 30 30

Q4

703506

ASTEP (CIP) 38 43 9 8 9 10 1 1 5

800560

Moore 60 65 60 5

708602

C-MORE 20 33 20 13

701312

NSF 10 40 10 25 5

708800

WHOI 20 20 20

900812

MBARI ESP Apps 77 137 19 13 2 24 15 2 1 1 30 30

Total for Year

703506

ASTEP (CIP) 532 552 88 2 103 11 8 5 62 111 26 51 50 15 20

800560

Moore 313 333 12 5 30 240 10 11 5 20

708602

C-MORE 125 175 14 5 14 20 2 5 45 10 10 50

701312

NSF 111 231 7 7 41 13 8 35 100 20

708800

WHOI 71 71 4 4 43 10 10

900812

MBARI ESP Apps 630 870 95 10 79 11 5 50 2 123 15 50 30 82 11 39 16 12 120 120
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Table 4.  Summary of labor, benefits and overhead costs associated with the SURF Center for 2008.

	PROJECTION

	2008

	
	
	
	
	
	
	

	
	NASA
	MOORE
	CMORE
	NSF CREATIVITY
	WHOI NERACOOS
	TOTALS

	
	703506
	800560
	708602
	701312
	708800
	

	 Salaries  
	
	
	
	
	
	

	       Reg 
	12,182
	12,182
	5,824
	11,648
	
	41,836

	       CIP 
	200,695
	106,395
	48,242
	47,579
	22,670
	425,581

	 Fringe on salaries 
	
	
	
	
	
	0

	       Reg 
	6,459
	3,046
	3,088
	5,780
	
	18,372

	       CIP 
	106,490
	26,599
	25,578
	23,609
	12,015
	194,291

	 Shiptime-Internal 
	
	
	
	
	
	0

	 Overhead 
	8,761
	1,903
	5,834
	11,217
	16,996
	44,712

	Totals
	334,588
	150,125
	88,566
	99,833
	51,681
	724,792


2f) Objectives proposed for 2008

703506 – NASA D-ESP
Engineering/technology development

· Integrate the MFB and PCR module with the NASA core ESP.

· Fabricate, integrate and test the 4000m-rated pressure housing and sampling module (Q1-3).

Field programs

· Deploy the NASA ESP in surface waters using the existing surface mooring (Q2-3).

· Deploy the 4000m-rated D-ESP in the water column using the Tiburon replacement (Q3).

· Deploy the 4000m-rated D-ESP on MARS (Q4).

Data (availability outside project team, uniqueness)

· As far as we know, engineering developments and deployments of this kind have never been attempted in an oceanographic setting.  Results of the studies will be submitted for peer-reviewed publication in relevant scientific and engineering journals.

Significant changes from previous project proposal (continuing projects only)
· De-scoped field campaigns so that all work in 2008 is within Monterey Bay and contiguous waters.  Filed operations can be combined with those of Vrijenhoek to help reduce total days requested for the Western Flyer/Tiburon replacement.

· Deployment of the D-ESP at Juan de Fuca delayed till 2009.

800560 – Moore Foundation

Engineering/technology development

· Fabricate 3 MFB’s with PCR modules for use aboard the ESP as well as for standalone benchtop operation (Q1-2).

· Integrate MFB + PCR modules with 1 or 2 core ESPs built with NSF/CMORE funding (Q2).

· Transfer the MFB’s to research labs outside of MBARI (Q4). 

Field programs

· None.  Leverage NASA/CMORE projects.

Data (availability outside project team, uniqueness)

· Compare performance of MFB/PCR module to traditional lab equipment.

· Submit results of studies for publication if appropriate.

Significant changes from previous project proposal (continuing projects only)
· Building multiple copies of the MFB + PCR in lieu of a core ESP.

708602– C-MORE

Engineering/technology development

· Convene a workshop with CMORE researchers in Jan 2008 to document Theme III functional requirements and use case scenarios.

· Develop conceptual design for deploying the ESP in the open ocean to 200m depth.

· Fabricate a core ESP + MFB + PCR for at least 1 CMORE partner (likely Zehr).

Field programs

· Leverage local deployments (NASA, MBARI).

Data (availability outside project team, uniqueness)

· Functional requirements, use case scenarios and any progress made towards those goals will be communicated to C-MORE participants, posted on the C-MORE website, and presented at meetings and workshops as appropriate.

701312 – NSF Creativity Extension

Engineering/technology development

· Fabricate a 4000m-rated pressure housing for the NASA D-ESP (materials and outside services only; all labor paid for by NASA; Q1-2).

· Fabricate 4 copies of the MFB/PCR module for benchtop applications and conjunction with the core ESPs; configure all instruments built under the original NSF grant with the MFB if appropriate (Q1-2).

· Fabricate 2 surface moorings for the ESP (Q3).

· Facilitate technology transfer to researcher outside of MBARI (Q1-4).

Field programs

· none

Data (availability outside project team, uniqueness)

· Submit results of studies for publication as appropriate.

708800 – WHOI/NERACOOS

Engineering/technology development

· Complete construction of core ESP for WHOI for use in NEARCOOS (Q4).

Field programs

· None.

Data (availability outside project team, uniqueness)

· Begin training the WHOI group how to operate the ESP.

900612 – ESP Applications

Engineering/technology development

· There are a number of nagging engineering development issues that must be resolved before the first copies of the ESP operate reliably for extended deployments, and that make the system more accessible to labs outside of MBARI (Q1):

· Eliminate the software bug within the Ruby interpreter

· Transition to lower power system to extend deployment duration (bulkhead valves, new ARM processor, improved power management such as modulating radio modem transmission).

· Integrate GUI/DM system with ESP operations (Q2-3).

Field programs (see 900613 for science mission)

· Conduct 4, ~1 month long deployments of the 2G ESP at M0 using 2 instruments (serial deployments for extended, uninterrupted presence at M0; Q2-3)

· Two, 4-day Western Flyer/Tiburon (replacement) cruises to qualify the D-ESP system to 3000m+ (Q3-4). 

· Deploy D-ESP on MARS (Q4).

Data (availability outside project team, uniqueness)

· Our goal is to demonstrate that the ESP is a highly configurable platform that can carry out a wide range of molecular analytical analyses in situ from near surface to a depth of 4000m.

· Results of this work will be prepared for peer-reviewed publications, posted on our website, and presented at meetings and workshops as appropriate.

Significant changes from previous project proposal (continuing projects only)
· Overall, none.

2g) Outline for 2009-10

2009

Q1 – D-ESP on MARS.

Q2 – Local and off-site operations/technology transfer units placed in labs outside of MBARI.

Q3 – Deployments of the D-ESP at Juan de Fuca.

Q4 – Deployments off Hawaii in conjunction with CMORE.

2010

Q1 –Q2 – Preparations for CMORE operations

Q3 –4 – CMORE field work

Other?

The SURF Center should have several active grants in 2009 (NASA, CMORE, NSF Creativity, WHOI NERACOOS).  Beyond that, continued operations as center will depend on securing additional funding.  If we do not secure addition grants by the end of 2009, then the SURF Center will likely be disbanded. 

2h) Project team

Science

Chris Scholin (Lead Scientist/PI), Chris Preston (Res Tech), Roman Marin III (Res Tech), Joe Jones (Res Tech), Nilo Alvarado (Research Assistant).

Engineering
Jim Birch (Project Manager), Doug Pargett (ME, co-lead Engr.), Scott Jensen (EE, co-lead Engr.), Brent Roman (SE), Brian Schlining (SE), Kevin Gomes (SE), Rich Schramm (SE), Gene Massion (ME), Mark Brown (ME Tech), Cheri Everlove (Mechatronics Engr.), Adeline Harris (Mechatronics Engr.), Mike Parker (ME Tech), Jose Rosal/alt (EE Tech).

Operations

Mike Conway (DMO; diver support and elevator), Zephyr, Lobos and Western Flyer crews.

ITD

George Matsumoto for assistance with education and outreach, others for help with updating the ESP web site.

2h) lab space

A-244 and B-125 (ESP project labs), A-249 (Scholin lab), cold rooms, test tank as required.

3) BUDGET JUSTIFICATION (new and continuing projects)

The work proposed here complements a number of MBARI projects, particularly ESP probe Chemistries (Scholin/Preston et al.), OCCO and AUV CTD/Gulper (Ryan et al.), Molecular Ecology (Vrijenhoek et al.), BIOSA/NOSA (Kolber et al.), and Picoeukaryotes (Worden).  The SURF Center is also relevant to the CO2 and MASE initiatives, and the continued scoping effort for a CN umbrella program.

Direct expense requests total $43.8K.  This includes costs of maintaining 4 ESPs and 2 moorings ($10K), miscellaneous engineering supplies associated with marine operations and laboratory tests ($5K), a high pressure test fixture for evaluating sample module actuators in sea water ($10K
), software package for developing instrument state visualization ($15K), and travel for 2 persons to attend the 2008 Ocean Sciences Meeting (Orlando, Fl; $1.9K per person for airfare, lodging, meals, registration = $3.8K total).

In addition, we request 6 days of Zephyr for deploying and recovering the ESP at M0.  Our plan is to deploy a single instrument and upon recovery deploy a second near the same site (i.e., swap ESP moorings so as to maintain a continuous presence for the duration of the study).  We will repeat this for approximately 3 months (= 4 days).  In June we plan to deploy 2 ESPs simultaneously as we have planned for September 2007.  Deployment and recovery of those instruments will require 2 days of Zephyr time.

To qualify D-ESP for 3000m+ operations we request 2, 4-day cruises aboard the Western Flyer/Tiburon.  One cruise would take place in ~September (engineering tests/science operations), the other in ~October (science operations).  Both would track within Monterey Bay and contiguous waters.  Within the bay operations will focus on deploying the D-ESP with an elevator for benthic work (whale falls, cold seeps/clam beds) and precise sampling using the ROV.  We can also lower the ESP using a hydrowire to facilitate deep-water, engineering tests to(>3000m.  These cruises can be combined with other programs at MBARI, particularly that of Vrijenhoek, and possibly research related to MASE, the CO2 initiative and CN umbrella projects.  We would also expect collaborators from Caltech (Orphan, Goffredi) to participate.  These cruises, if successful, set the stage for deploying the D-ESP system at Juan de Fuca (likely Axial Seamount) in 2009.

Lastly, we request 2 days Lobos/Ventana for deployment/recovery of the D-ESP system on MARS.

Labor requests include all personnel – Research, Engineering, Engineering Technicians, machine shop, and Operations – estimated for completing the work outlined above (see Fig. 1).  Jim Birch will spend approximately 1 day per week on the project as PM.  For budget entry purposes, he was listed as an ME.

We are also requesting SE resources to complete the GUI/DM application for the ESP.  This request covers 2 major themes: image analysis of the probe arrays, and instrument state visualization.  

Analysis of images of ESP arrays is currently a labor intensive operation; without meticulous care it is easy to introduce errors which affect the accuracy of the final results.  Kevin Wheeler had proposed leading this effort before his untimely departure at the end of last year.  We have revisited this need this year, and given available expertise propose to implement a more simplified method.  Ideally, the image analysis will be integrated into the ESP-GUI, but standalone alternatives are also possible.  There are a number of steps required to resolve this issue.  Most important, we must determine if the gene array layout (GAL) file, generated by the piezo printer, is sufficient for defining the array with respect to:

1) Locating positive control spots on the image.

2) Defining edges of the array spots.

3) Extracting the average pixel value, or counts, from each probe spot.

4) Applying a calibration to convert CCD counts to science units (e.g., cells/L).

In order to accomplish this task we intend to investigate using existing commercial-of-the-shelf (COTS) software as well freely as available software.  For 2008, we expect to accomplish the first 3 tasks outlined above.  The completion of the final task depends on the availability of a set of images with calibration curves and known results in order to verify that the analysis is correct.  Time request: 10 days for investigation, 20 days for implementation

When diagnosing the state of the machine (e.g., where is valve ‘x’ pointed to, and what are the positions of the manipulator and carousel, etc., etc., etc?), a user must query individual controllers and mentally picture the status of the instrument.  Should a failure occur, the user must read through a log file and attempt to reconstruct the state, taking into account many moves that have occurred over time.  For this reason last year we proposed developing a GUI that can display a visual representation of the instrument and its components.  Available resources this year precluded developing this capability. Instead, we are focusing on tools for mission planning and creating the basic data management infrastructure for storing array images and relevant metadata.  Thus, the need for visualizing instrument state remains unmet.

We are proposing work that would take the instrument state information from the instrument and/or the instrument log file and produce a graphical representation that will depict the current state of the instrument (or playback a mission run from a log file).  The information required to derive the instrument state is already logged, but an application to convert that log into a picture/cartoon of the status of the device is still lacking.  We propose to approach this problem in three phases.  First, we will create an instrument state representation in the form of a "state vector".  These vectors would allow us to take advantage of established commercial (or open source) software applications used to visualize industrial processes.  Second, we will determine which products could be most readily used to create a GUI for the ESP.  Third, we would create the graphical interface using the state vector representation of the instrument and the chosen commercial software tool(s).  The amount of software MBARI must write to create the ESP GUI will thus be minimized.  Specific tasks are as follows:

1) Build software to query instrument and/or use instrument log to build an appropriate "state vector" representation of all the components of the ESP  (15 days: 5 Brent Roman, 5 Kevin Gomes, 5 Rich Schramm).

2) Evaluate various commercial GUI packages for displaying the ESP state  (10 days: 5 Brent Roman, 5 Kevin Gomes)

3) Purchase commercial package and use it to write software to depict the state vector as an animated ESP schematic (25 days: 20 Kevin Gomes, 5 Brent Roman)

4) MILESTONES (new and continuing projects)

ESP 2008: SURF Center Milestones

703506 – NASA D-ESP

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources for each resource category for all milestones listed here

	Milestone Date
	Q1
	Q2
	Q3
	Q4
	
	

	Milestone Description
	Integration of 4K D-ESP system
	Deploy ASTEP ESP Core with PCR in surface water
	Deploy 4K D-ESP system in water column/bottom
	Deploy 4K D-ESP on MARS
	
	

	EE
	21
	45
	15
	9
	
	90

	SE
	1
	42
	10
	9
	
	62

	ME
	55
	49
	15
	8
	
	127

	Mechatronics
	46
	46
	9
	10
	
	111

	Support Engineering

	EE Tech
	23
	20
	7
	1
	
	51

	SE Tech
	
	
	
	
	
	

	ME Tech
	40
	20
	15
	1
	
	76

	Machine Shop
	
	
	
	
	
	

	DMO Support

	Mike Conway
	
	
	15
	
	
	15


800560 –Moore Foundation

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources for each resource category for all milestones listed here

	Milestone Date
	Q1
	Q2
	Q3
	Q4
	
	

	Milestone Description
	Production of 3 MFB’s + PCR
	Integration of 1 MFB + PCR with core ESP
	
	Tech x-fer of MFB’s + PCR to external partners
	
	

	EE
	3
	9
	
	
	
	12

	SE
	18
	12
	
	
	
	30

	ME
	3
	2
	
	
	
	5

	Mechatronics
	60
	60
	
	120
	
	240

	Support Engineering

	EE Tech
	8
	3
	
	
	
	11

	SE Tech
	
	
	
	
	
	

	ME Tech
	15
	
	
	
	
	15

	Machine Shop
	
	
	
	
	
	


708602 – CMORE

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources for each resource category for all milestones listed here

	Milestone Date
	Q1
	
	Q3
	Q4
	
	

	Milestone Description
	Define Functional Requirements
	
	Scope ’09 Deployments
	Complete ESP core +MFB+PCR
	
	

	EE
	10
	
	9
	
	
	19

	SE
	5
	
	
	
	
	5

	ME
	17
	
	19
	
	
	36

	Mechatronics
	2
	
	
	43
	
	45

	Support Engineering

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	20
	
	
	20

	Machine Shop
	
	
	
	
	
	


701312 – NSF Creativity Award

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources

for each resource category for all milestones listed here

	Milestone Date
	Q1
	
	Q3
	Q4
	
	

	Milestone Description
	Production of 4 MFB’s + PCR
	
	Production of 2 ESP surface moorings
	
	
	

	EE
	5
	
	2
	
	
	7

	SE
	
	
	
	
	
	

	ME
	5
	
	2
	
	
	7

	Mechatronics
	24
	
	17
	
	
	41

	Support Engineering

	EE Tech
	8
	
	
	
	
	8

	SE Tech
	
	
	
	
	
	

	ME Tech
	20
	
	28
	
	
	48

	Machine Shop
	
	
	
	
	
	


708800 - ESP FOR NERACOOS (WHOI)

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources for each resource category for all milestones listed here

	Milestone Date
	
	
	
	Q4
	
	

	Milestone Description
	
	
	
	Complete construction of core ESP
	
	

	EE
	
	
	
	4
	
	4

	SE
	
	
	
	
	
	

	ME
	
	
	
	4
	
	4

	Mechatronics
	
	
	
	43
	
	43

	Support Engineering

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	20
	
	20

	Machine Shop
	
	
	
	
	
	


900612 – MBARI ESP Applications

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources for each resource category for all milestones listed here

	Milestone Date
	Q1
	Q2
	Q3
	Q3
	Q4
	

	Milestone Description
	Design refinements to the ESP core
	Surface water deployments
	D-ESP deployments
	GUI/DM System Integration
	D-ESP on MARS
	

	EE
	25
	34
	27
	
	19
	105

	SE
	86
	93
	20
	60
	41
	300

	ME**
	59
	41
	32
	
	15
	147

	Support Engineering

	EE Tech
	10
	14
	14
	
	1
	39

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	16
	10
	
	1
	27

	Machine Shop
	
	
	
	
	
	

	DMO Support

	Divers
	
	12
	
	
	
	12


** includes 25 days for Jim Birch in Q1 and Q3 for a total of 50 days for PM

5) RISK MATRIX (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	X
	X

	Low
	
	X
	
	








� NERACOOS = Northeastern Regional Association Coastal Ocean Observing System, one of the IOOS regional partners recently funded by NOAA (� HYPERLINK "http://www.neracoos.org/" ��http://www.neracoos.org/�).


� Note: at present the only way for us to test our actuators in seawater is to deploy using an ROV.  This is very expensive and would not be necessary if we had an appropriate test fixture.
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