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Please indicate percentage of effort on this project anticipated for 2024 toward these three highest institutional goals from the Strategic Roadmap (percentage total should equal 100%). 

	Goal
	Innovate and Build
	Explore and Protect
	Inspire and Engage[footnoteRef:4] [4:  This category includes transfer of hardware, know-how, publications, presentations, etc. ] 


	Percentage
	80
	10
	10


2024 Proposal Process – Internal-Only Projects
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1) ABSTRACT (all projects)
Briefly provide a high-level summary of the project (ideally no more than 1/2 page).

Problem/need:
High-magnitude carbon flux events can represent a significant fraction of deep-sea carbon sequestration. However, perhaps because they are short-lived and unpredictable, these “pulse” events are understudied, and missing from global carbon flux models. Studying pulse events poses significant logistical challenges. We need in situ instrumentation that can detect pulse events as they occur, and trigger other nearby instruments to change their sampling schedule, or wake up and monitor additional parameters. These advancements work toward more strategic use of power-hungry autonomous instrumentation needed to evaluate numerous possible drivers and ecological impacts of pulse events.  

Goals/timeline:
The Sedimentation Event Sensor (SES) images sinking material and can communicate with other instruments using underwater acoustic modems. We will develop a means for the SES to detect pulse events as they occur, and trigger other instruments (modified McLane sediment trap, concurrently proposed SINKER instrument) to initiate or modify sampling during a pulse event. This algorithm and communication pathway will be designed so that it can be used by other instruments in addition to the SES. This project will continue in 2024 by:
· furthering event-detection algorithms and simulating pulse events using existing data, 
· continuing to use images from the SES plugged in at MARS to characterize variability of particle types and magnitudes at that site,
· upgrade SES main controller electronics,
· develop and test in-situ real-time image analysis, event-detection algorithms, and remote instrument triggering protocols,
· modify an existing McLane sediment trap for remote triggering and deploy near MARS.



2) PROPOSAL (all projects)

Background
What fundamental problem does this project address? 

· Importance: High-magnitude carbon flux events can represent a significant fraction of deep-sea carbon sequestration. They also appear to be associated with short- and long-term deep-sea deoxygenation. 

· Knowledge gaps: Perhaps because they are short-lived and unpredictable, these “pulse” events are understudied, and missing from global carbon flux models. 

· Problem:  Studying pulse events poses significant logistical challenges. Ship-based surveys cannot stand by waiting for them to take place. A few autonomous instruments have the persistence needed to document when pulse events occur, but they are currently constrained to measuring a few parameters with a fixed temporal resolution. We need in situ instrumentation that can detect pulse events as they occur, and trigger other nearby instruments to change their sampling schedule, or wake up and monitor additional parameters. These advancements work toward more strategic use of power-hungry autonomous instrumentation needed to evaluate numerous possible drivers and ecological impacts of pulse events.  


What makes this work relevant to MBARI and the Packard Foundation? 

· On the technology side, event response and adaptive sampling algorithms are areas that have been of interest at MBARI for a long time. The techniques that we develop could lend themselves to work and interest of many developments and field programs (LRAUV, Canon, SINKER, Canyon studies).

· On the science side, being able to trigger sampling based on the occurrence of an event will allow researchers to use a suite of power-hungry autonomous instruments to study important but unpredictable events.  

· Members of our team developed the SES, and have spent the last ten years studying pulse events at Station M so that we can better understand deep-sea carbon sequestration.


Is this effort linked to other internal or externally funded projects or collaborative efforts?

· This project takes advantage of context and expertise gained from the Pelagic-Benthic Coupling group (901618), and will provide data and engineering advancements useful to the Carbon Flux Ecology lab (902111). 

· Data from the SES are providing key contextual POC flux data for the Carbon Flux Ecology project.

· We envision that the SES could be used in the future to trigger sampling by SINKER (902306) when not plugged in at MARS. 


· We are collaborating with Yanwu Zhang (Targeted Sampling by Systems of Autonomous Vehicles, 901513) to discuss shared needs, challenges, and progress. Both of our projects seek to target sampling of evolving ecological events/features using multiple instruments. Key differences between these projects are that ours focuses on changes over one dimension (time), and there is no option to resample to verify event condition. By contrast, TSSAV involves numerous autonomous instruments tracking features using four dimensions of input, and has the ability to retrace three of those dimensions to verify feature condition.



Where does this work fit into the ~5–10 year plan for your group, at MBARI, and in the field?

· In the near-term, this work transfers technology and knowledge from the Pelagic Benthic Coupling lab (ended in 2023) to the Carbon Flux Ecology lab and other members of the Engineering group. Persistent, high resolution monitoring of POC fluxes is a core mission of the Carbon Flux Ecology lab.
· Mid-term, it develops a means to calibrate estimates of carbon flux based on imaging systems (SES, SINKER—902306) with those based on physical samples (McLane sediment traps). 
· It will also provide a flexible event-triggering algorithm that can be used by other groups at MBARI (e.g. LRAUV)
· Longer term, we aim to link the growing interest in studying episodic carbon flux events with the ongoing external development of scalable but power-limited automatic sampling methods (e.g. Minions, SnoCam+).

Nature and Scope of the Proposed Project 
1. Use data from prior SES deployments at Station M and recent deployment at MARS to:
a. mathematically define pulse events and develop an algorithm that identifies early indicators of their occurrence,
b. test the algorithm using simulated pulse events to evaluate chances of false positive and negative triggering events
2. Refine code needed for the SES to conduct data/image analysis and run the algorithm onboard 
3. Modify a conventional McLane sediment trap with a modem so that it can be acoustically triggered by the SES 
4. Deploy SES and modified McLane sediment trap at MARS to test triggering ability and algorithm

Does this activity relate to one or more 2024 proposals your team is submitting?

This project uses developments by the Pelagic Benthic Coupling group (901618) to increase sampling efficiency by the Carbon Flux Ecology lab (902301), and SINKER (902306), with the common goal to quantify carbon flux through the water column. 

Anticipated Shared Resource Needs
Ship days:
· Rachel Carson 
· June 2024: Deploy SES and plug into MARS. Deploy modified McLane trap nearby.
· Fall 2024: Recover modified sediment trap

Facilities:
· Machine shop/Hi Bay
· ME Tech to configure McLane trap for communication with the SES
· Test tank
· Ensure proper buoyancy and ballast for modified McLane trap
Wave Glider:
· Communicate with SES and MARS to check status range of communication (1 day in summer)

Anticipated Expenses
2024: <$15K 

· Satellite communication fees ($1400)
· Ballast for modified McLane trap ($1000)
· Batteries ($500 for Benthos modem batteries, $100 for McLane alkaline batteries, $500 for Benthos release batteries)
· Spare SES controller board and new larger capacity SD cards ($1200)
· Analysis of bulk POC from McLane trap samples ($5100)

Intellectual Property (IP) Considerations 

None

Data 

What data will be generated? 
[bookmark: _Hlk138326140]
Images (TIFF files) and logs/data (CSV): 
<1 Tb
POC and PIC chemical fluxes (csv file)

How will they be managed/stored? 

Images from the SES deployments at MARS will be stored on Project Library and incorporated into the VARS for images once Brian Schlining is done upgrading that software.

Data files, analyses, and codes will be stored on a share created for this project on Project library.

Anticipated Impact 
We aim to produce event detection algorithms that are agnostic to the type of data used. Our aim is to produce a workflow that is useful to any research group wishing to study unpredictable, short-lived, significant events by using one low-power autonomous instrument as a controller to initiate sampling by other autonomous instruments. 


Anticipated Outreach Needs 

None this year


Continuing Projects Only: Status Report
Briefly provide an update of the current project relative to what was proposed for 2023 by responding to the prompts below. If the project includes multiple subproject projects, please list each of these under a subheading as you deem appropriate.

Current status of project and results to date

1. SES deployment at MARS:
a. Thanks to port availability and supporting funds to cover port fees, the SES was deployed and plugged into MARS in May 2023. 
b. Rich Henthorn has developed code that allows us to view images.
c. Paul McGill and Irene Hu’s efforts to clean the camera paid off bigtime. These are the best SES images the team has delivered to date (Figure 1). 
[image: ]
Figure 1. Example SES image showing sinking particles, including a presumably very delicate long fecal pellet that would be difficult or impossible to study using bulk sediment traps.

2. Initial insights into particle flux variability
a. Colleen Durkin developed a Python code to estimate modeled carbon flux from particle composition and attenuance (Figure 2). This code runs quickly and will be streamlined and run onboard the SES.
b. Fluxes are very high, at levels that would clog conventional sediment traps (Figure 2, note third panel down).
[image: ]
Figure 2. Preliminary data from SES at MARS showing variability of particle flux attributes at that site. Gaps indicate periods when the system needed to be turned off in order to implement engineering developments.


What percentage of labor and budget have been used through the 1st half of year?

~62%. Most of this work was done to prepare the SES for deployment.

Will you complete the current year’s scheduled work?

We hope to come close to completing most work proposed for 2023. While the unexpected need to wrap up the Pelagic-Benthic Coupling lab has delayed the event description and McLane sediment trap modification planning aspects of this project somewhat, we anticipate mostly catching up by year end. We may end up needing to push back starting simulations and false positive/negative testing until early 2024.

Significant changes from previous project proposal 

We deployed the SES plugged into MARS instead of autonomously. This has been a significant benefit to the science and engineering!

Over the past two years, what peer-reviewed publications, education and/or outreach activities have resulted directly from this project? Please be brief.

None yet.

All Projects: Specific Plans for 2024

Research Activities

1. Evaluate code developed by Durkin in 2023 for SES for using onboard the SES to conduct real-time carbon flux/attenuance image analysis and use this as the basis for a triggering algorithm.
2. Refine event definitions with false positive/negative simulation/testing.
3. Compare flux measures from the McLane trap samples to flux estimates based on SES images.

Engineering/technology development

1. Replace existing SES controller system with upgraded electronics that will enable in-situ, real-time image analysis and event-detection to occur.
2. Port the image analysis and event detection processing scripts and code to the new SES controller.
3. With input from other groups, develop and implement a simple and concise event message protocol for triggering remote instruments.
4. Install, configure, and test new acoustic modem on the SES.
5. Test and simulate the system onshore using datasets obtained previously at Station M and on MARS.
6. Refine existing SES mission authoring techniques for use by science personnel.
7. Complete design modification of McLane sediment trap.
8. Co-deploy SES (plugged into MARS) and modified McLane sediment trap.
9. Test the ability of the SES to trigger the McLane trap


Field programs (detail ship requirements/deployments/diver requirements)
In addition to describing anticipated field programs, please be sure to include requirements for specific platforms and equipment (Dorado AUVs, LRAUVs, Wave Glider, mini ROV, etc.) for each proposed field program so that expectations are clear. Requests must also be entered in the budget entry system. 

Rachel Carson
· Two days
· 1 in June 2024 to deploy SES and plug into MARS, and also deploy modified McLane trap nearby as a lander (not a mooring).
· 1 in Fall 2024 to recover modified McLane sediment trap 


Specific deliverables

1. Refined mathematical definitions of pulse events
2. Algorithm that identifies early indicators of their occurrence
3. Evaluation of possible performance based on simulations testing
4. Code needed for SES to trigger another instrument
5. Reconfigured conventional McLane sediment trap with a modem for triggering by the SES.
6. Calibration of SES carbon estimates against co-deployed McLane sediment trap.

Milestones and required personnel (see personnel classification list for staff classifications)




	2024 Project Start Date: 
01/01/2024
	Milestone 1
	Milestone 2
	Milestone 3
	Total Resources[footnoteRef:5] (in hours) for each resource category for all milestones listed here [5:  This number should be the same number you entered on the web budget resource requests for this particular resource.] 


	Milestone Date
	All year 
	All year
	Jan-June
	

	Milestone Description
	Refine descriptions of pulse Events, and test algorithm
	Refine code for onboard image analysis and communication
	Modify McLane Sediment trap that can be triggered by SES, analyze samples 
	

	Electrical Engineer
	PM-20
IH-20
	PM-40
	PM-60
IH-60
	200

	Software Eng-Embedded
	RH-140
	RH-200
	RH-20
	400

	Mechanical Tech
	
	
	EM-240
	240

	Sr. Research Specialist
	CH-400
YZ-40
	CH-40
	CH-20
	500



Budget justification

1. Satellite communication fees for beacons to go on instruments, in case anything surfaces prematurely ($1400)
2. Ballast for modified McLane trap ($1000)
3. Batteries ($500 for Benthos modem batteries, $100 for McLane alkaline batteries, $500 for Benthos release batteries). The SES main power will draw from MARS, but the rest will need to come from batteries.
4. Spare TS-7250-V3 controller board ($600) and larger capacity data storage cards ($600).
5. Analysis of bulk POC from McLane trap samples to compare to SES carbon flux estimates ($5100= $2300 for total carbon analysis, and $2800 for inorganic carbon analysis) 


Project team

· Rich Henthorn
· Paul McGill
· Irene Hu
· Crissy Huffard
· Colleen Durkin 
· Yanwu Zhang
· Evan Mattiasen


External consultants/contractors 
None

Project lab and office space requirements 

1. Individual workstations: algorithm development
2. High-bay/Machine shop: configure sediment trap to become triggerable by the SES 
3. Test tank:  check ballast and test modified McLane sediment trap

Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	
	

	Low
	
	X
	X
	X



Compliance Considerations

All responses must be recorded in the Google form linked below. A form must be submitted for every project. 

	CATEGORY
	Yes/No
	DETAILS

	Isotope Use (see policy and cruise planning)
Will the project use stable or radioisotopes?
	N
	

	Battery waste over 4 liters (1 gallon)
Indicate type and amount.
		 N
	

	Liquid hazardous waste over 60 liters (15 gallons)
Indicate composition and quantity.
	N
	

	Export Regulation
Foreign collaborations or international travel?
	N
	

	Technology access
Any potential exposure to proprietary information about export controlled equipment?
	N
	

	Export controlled purchases
Items purchased/in possession or to be purchased that are not on list? 
	N
	

	Export controlled items (hardware, software, tech data)
Items to be transferred outside US (temporarily or permanently)? To what countries (including International Waters)?
	N
	

	Encryption Items
Use of non-commercial (specially licensed, non-mass-market) encryption or information security software?
	N
	

	Work covered by Marine Sanctuary permit?
Yes, if work falls under blanket authorization.
	Y
	

	Work conducted in SESAs?
ID # for Sanctuary Ecologically Significant Areas
	N
	

	Equipment deployed with anchors?
Give details for deployment; recovery if < 500lbs
	Y
	The SES and McLane sediment trap will be deployed with ballast weights 

	CA Fish & Wildlife permit required for samples?
	N
	

	Working in State Marine Protected Area?
	N
	

	Require Coast Guard PATON for buoys?
Private Aid to Navigation. Permit in hand?
	N
	

	Require Local Notice to Mariners
Indicate who will be submitting
	N
	

	Permits from other agencies?
	N
	

	Use of active acoustics not already on list?
	N
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