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Project Description:  

This project represents the next phase in developing a dual pCO2-DIC instrument for surface vehicle and surface platform applications. During the first three years of this project our team developed instrument specifications, made engineering designs to package the pCO2 and DIC measurement capabilities in a 1U Wave Glider payload housing, formalized our collaboration with NOAA PMEL, created a functional DIC instrument prototype using preliminary software for laboratory testing, advanced the software and designed control boards for the field instrument and began testing in the lab, and we anticipate making significant progress on the evaluation of DIC instrument accuracy and precision in the laboratory before 2021. The next three years of this project would involve: (1) adding pCO2 measurement capability, (2) laboratory and tank testing of the combined pCO2-DIC instrument, (3) integration onto the Wave Glider platform; and (4) field trials on a Wave Glider and a mooring. 

In addition to the project description above, please provide one (1) paragraph addressing each of the following topics:

Fundamental Problem
What’s the grand challenge this work addresses? Why should we care? What makes this work relevant to MBARI?

Presently, there are no commercially available, dual-carbonate system sensors/instruments for autonomous application. Our goal is to develop a pCO2-DIC instrument for use on surface platforms and vehicles and we are targeting the Wave Glider due to its small size, so that the instrument can be deployed on any larger platform. We are collaborating with NOAA PMEL on this development project via a NOPP grant, as well as a Cooperative Research and Development Agreement (CRADA), to strategically (1) leverage NOAA’s recent advancement of the ASVCO2 pCO2 system and (2) line up an immediate end user for the technology. If specifications are met, this instrumentation could be implemented on a NOAA CO2 mooring array (~50 moorings) and would become a tool used on autonomous surface vehicles to more comprehensively study and monitor the marine carbon cycle. Simultaneously monitoring sea-surface pCO2 and DIC over time will provide information about the efficiency at which the ocean is absorbing pCO2 and make it possible to differentiate physical and biological signals that are often hard to disentangle from pCO2 (or pH) observations alone. Further, by incorporating a DuraFET pH sensor on the Carbon Wave Glider, this instrument will directly measure sea surface and atmospheric boundary layer pCO2, as well as wind speed and atmospheric pressure, and could contribute significantly to further validating BGC float-based approaches for estimating sea-surface pCO2 and air-sea CO2 flux in new regions of the global and coastal ocean.

Technology 
What engineering & technology is needed to move forward (e.g., sensor, platform, ship, de novo R&D)?

We anticipate the following engineering & technology needs: 
· Year 1:
· Laboratory: merging the pCO2 and DIC instrument capabilities and bench testing
· Facilities: test tank deployments
· Ship: M1 mooring deployment(s)
· Year 1-2:
· Platform: Integration of the instrument package onto the Wave Glider 
· Year 2-3:
· Platform: Wave Glider field trials
· Platform: Mooring deployment near Washington or Hawaii in collaboration with PMEL and UH 
· Year 3:
· Platform: Wave Glider science application

Data 
What data will be generated? How will they be managed? Visualization and IP considerations?

We need to support a variety of over-the-horizon (OTH) telemetry options, which may include expensive satellite and cellular links with limited bandwidth. While it is good practice to preserve raw sensor data, the native data format of the sensor isn’t ideal for telemetry because the native records are large with high overhead; many records are needed for each measurement. Our strategy is to the log raw records as well as more compact measurement summaries that may be returned in real-time and enable first-order data analysis, QC, and system monitoring.

One telemetry option we have discussed is integrating the pCO2-DIC instrument with the OASIS5 instrument controller/logger. This could be deployed on either a mooring or Wave Glider as a stand-alone package, including its own telemetry resources (e.g. 900 MHz radio).  Using OASIS5 would also enable collection of synchronized, co-located CT measurements critical to analysis.

Our planned data processing pipeline consists of  
· telemetry endpoint (i.e. radios and PC hardware) at MBARI
· software and computing resources to produce real-time QC and visualizations 
· public presentation on the MBARI web site
· data archive (accessible to collaborators at PMEL by some means)
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We plan to build as much of the processing pipeline as possible to use for lab work, integration, and testing.

We will detail these resources in our proposal, but expect to use
· relatively modest data storage (~10 GB/year, including raw data and all products) 
· IT support and hardware (PC, radios) for establishing the telemetry endpoint at MBARI
· potentially a VM for automated data processing
· MATLAB (existing licenses maintained by Fassbender lab and/or MBARI site licenses)

Intellectual Property (IP) Considerations 
Do you anticipate a need for a cooperative research and development agreement or licensing arrangement with an external entity? Will the work potentially result in a patentable product or service? Will novel IP be created, and how might it be disseminated (e.g., license agreement and/or collaborations)? 

For additional guidance please review MBARI’s intellectual property internal web page: https://mww.mbari.org/itd/ip/.

This is a collaborative project with NOAA PMEL and a formal CRADA is already in place. One component of this collaboration, being led by PMEL, is to identify an industry partner that would manufacture the instrument once desired performance is achieved. It is not yet clear if this work will result in a patentable product, but we’ll make that determination as the design matures.

The pCO2-DIC instrument firmware is maintained on a GitHub repository, potentially accessible to collaborators at PMEL. We could elect to use a related repository to share hardware designs and other IP covered by our licensing agreement.

Anticipated Impact 
Who are the consumers of the instruments, methods, technology, and data that will be generated within and beyond MBARI? Will the project create tangible connections with other organizations (e.g., academic, NGO, MBA, MBNMS, state or federal agency)?

MBARI PIs and collaborators at PMEL would be the initial users of the instrumentation. Upon achieving successful field trials, the goal would be to scale up production (PMEL or industry partner effort) and deploy the instrument on NOAA’s carbon mooring array (n~50). Other potential applications include use on underway ships and additional ASVs.

Anticipated Outreach Needs 
Thinking about the audiences/consumers you highlighted in the question above, do you anticipate needing to create outreach assets to help increase your impact? If so, please specify whether you anticipate needing to work with ITD and also specify what type of asset (graphic, animation, video, etc.) you might need.

Working with ITD to develop an animation or video would help to promote potential applications of the technology as well as the larger vision for its use. 

Please provide an overall, high-level estimate of resources envisioned for this project in 2020 to help give a sense of the size of the proposed effort. Detailed scoping is not needed at this stage. Simply mark the appropriate box below. 

	Budget Category
	Minimal
	Medium
	Significant

	Labor
	
	
	X

	Expense
	
	X
	

	Ship/Assets
	X
	
	



If you anticipate a large ramp-up or increase in resource requests in future years of the project, please include that information below.

  [Click here to enter text]  
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