


Dear Dr. Kakani Katija, 

After receiving a grant from the Gordon & Betty Moore Foundation’s Science Program, we ask you to provide periodic updates on your progress. Of specific interest are: progress towards achieving the Grant Outcomes and Outputs; risks taken and challenges that you face, those that have been overcome, and those that persist; publications, presentations, and other ways in which the knowledge generated has been disseminated and influenced your peers; and other information that we can use to understand the impact of your efforts. The Science Program uses this information to observe research progress and to learn about the broader impact of your scientific discoveries.

For your convenience, we have inserted the Outcomes, Outputs, and Activities into the appropriate spaces below. You will also find report sections concerning other grant-related information that GBMF collects in order to measure progress towards achieving its medium- and long-term goals. For all report answers, if this is not your first report for the grant, please use a colored font to indicate text that is new or revised since the last report.

A financial report, if required at this time, must be submitted separately as an Excel file. The financial report must reflect Grant expenditures and any interest income earned as of the end of the reporting period and cumulative across the grant term. The financial report must include an analysis of budget versus actual spending typically at the level of detail contained in your Budget. A suggested format is as follows:

	Budget
	Actual
	Difference ($)
	Difference (%)
	Notes



Please refer to your Budget for grant-specific line items. 

We appreciate the time it takes to provide a project update and are always eager to learn of your scientific challenges, risks taken, and progress. Please be succinct and emphasize take-home messages. In general, please report against Outputs as opposed to Activities, and consider excluding detailed descriptions of methods and data tables. This report should be submitted using the Foundation’s grantee portal at https://grantees.moore.org/index.aspx. Please contact your grant lead with any questions.

— Adam Jones and Alexandra Gonzalez 
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Purpose Statement
	__________________________________________________________In support of developing an underwater optical imaging system capable of visualizing measuring fluid motion, particles, and living organisms in three dimensions. 





Definitions:
1. Outcome = Change occurring in understanding, behavior, institutions, and/or conditions, preferably with an enduring positive impact.
2. Output = Product, service, and/or knowledge resulting from a grant’s Activities (“deliverable”).
3. Activities = Actions and processes employed to accomplish Outputs and/or Outcomes (“task”).


GRANT OUTCOMES, OUTPUTS & ACTIVITIES

Please describe the cumulative progress towards achieving each Outcome and Output as well as avenues explored that did not turn out to be tractable. Mark the approximate percent complete for each Output. In general, report only against Outputs, not Activities. Activities are listed only for your reference. Also, please describe how, in aggregate, progress towards achieving the Outputs culminates in achieving the Grant’s Outcome and a greater understanding across the biological sciences.

	OUTCOME 1				                           
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Outcome 1, Output 1 ( 80 % completed):
1.1: Acquisition and testing of new imaging hardware in the laboratory.

We have acquired the Raytrix R26 camera, Euresys CXP frame grabber, and computer with GPU compute for processing ray files. These have been tested in the lab and provide a very nice interface for the camera.

We have demonstrated the cameras ability to provide extended depth of field compared to a conventional camera with identical imaging lens, and quantified the effective depth of field of the camera at a given resolution when imaging a 20 cm x 20 cm field of view. We estimate that particles 150 um and larger can be detected over at least a 15 cm DOF, and objects 1 mm and larger can be resolved. A conventional camera DOF at this resolution is less than 3 cm.

[bookmark: _GoBack]The ability of the system to automatically refocus 3D particle fields has be verified and particle dilution experiments have shown the system can provide quantitative estimates of particle concentration for small particles (~ 150 um diameter) at concentrations below 10 particles / ml. 



	Outcome 1, Output 2 ( 25 % completed): 
1.2: Packaging of instrument hardware suitable for deploying the imaging device to 4000m depth on a cabled platform.

We have prepared a concept and preliminary design for packaging and operating the instrument on cabled platforms. The design will allow deployment on all three of MBARI’s ROVs as well as others. We have included figures of the CAD model in the attached document.



	Outcome 1, Output 3 (  0 % completed):
1.3: Demonstration of the instrument’s functionality on a cabled, remotely operated vehicle platform.

Demonstration of the instrument functionality is pending the design review and fabrication of the cabled instrument. 



	Outcome 1, Output 4 ( 10 % complete):
1.4: Packaging of instrument hardware suitable for deploying the imaging device to 4000m depth on an autonomous platform.


We have identified functional requirements for the instrument to be deployed on MBARI’s Long-Range AUV (LRAUV) and used to study the Biological Carbon Pump. 


 

	OUTCOME 1				
	Outcome 1, Output 5 ( 0 % complete): 
1.5: Deployment of instrument hardware on a long-range autonomous underwater vehicle.

Demonstration of the instrument on a long-range autonomous vehicle is pending the packaging of the instrument for use on the LRAUV.



	Outcome 1, Output 6 ( 0 % complete):
1.6: Synthesis of results.



	Please describe cumulative progress towards achieving Outcome 1 as well as avenues taken that did not prove tractable or correct. Please also describe milestones you expect to accomplish in the next year. Lastly, how is progress towards achieving this Outcome culminating in a greater understanding of the biological sciences?

OUTCOME 1: With a new underwater imaging system, scientists can directly observe and quantify fluid motion, particles, and living organisms in three dimensions.

We have finished the majority of the lab work required to confirm the potential for the Raytrix camera to provide quantitative volumetric information of particle fields. We are optimistic it can be used to study in situ 3D particle fields over a wide range of sizes and concentrations. 

In the late summer of this year we expect to demonstrate the cabled version of the system on an ROV. Pending the outcome of this demonstration we aim to submit an article by the end of the year summarizing the design and performance of the system.

As we work towards outcome 1, we hope to enable scientists to study physical and biological processes in the ocean at the relevant 3D-spatial and temporal scales that they occur in. 



PUBLICATIONS & PATENTS

Please list all publications and patents that have resulted from your award since inception, including papers that are in press and submitted. For papers previously noted as in press or submitted and that have since been published, please replace with final citation here. Please send PDFs of all published papers (final versions) at the time you submit this report.

	1.

	2.

	3.

	4.

	5.

	6.

	7.

	8.



ADDITIONAL INFORMATION

	A. Exclusive of grant requirements, please describe any new research collaborations and any updates on previously reported collaborations that resulted from this research. Please indicate if this was with other GBMF-funded grant project leads.

	B. Please summarize the data, protocols, code, cultures, designs, etc. that have been made publicly available. Please include accession numbers and links to the information you have made public. Please also include links to any project webpages.

	C. Please describe the one or two most exciting results arising from this award since your last report (if any). You may wish to include a figure or image that conveys the results. Is there anything else you would like GBMF to know about your project at this time?

We have some nice examples of resolution and depth of field measurements along with particle concentration estimates from our dilution experiment. These are summarized with figures in the attached document.

	D. Please provide a brief description of expenditures to date and major upcoming expenses at the level of the major budget categories (personnel, equipment, travel, etc.). Please include an explanation of any budget variances >20% and surpluses.

The major expenditure thus far has been salary for Paul Roberts who is the full-time research engineer funded on the grant and started charging time to the grant in Feb 2019. Once we complete the design review and begin fabrication of the cabled system we expect to spend out the majority of the funding for equipment and supplies for year 1.



	E. Please characterize the manner in which your research has been presented to the community. We are interested in getting a sense of who is presenting the research (you, co-PIs, postdocs, etc.); the frequency with which presentations are invited; conversations and controversy stimulated by your / your team’s presentations; and anything else that comes to mind regarding the impact and influence of your presentations. It is optional to append a list of titles, authors, and meetings.

	F. How can GBMF do its job better and better facilitate your research?
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OTHER GRANTS

Please list information describing any other funding you have applied for (since grant inception) that was significantly stimulated by your award from GBMF—noting whether pending, successful, or unsuccessful.

	Funding Agency
	Proposal Title
	Total Request or Amount Awarded
	Amount (to be) Awarded to You
	Start Date
	End Date

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	




