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	Feasibility/Scoping
[<100 days effort]
	Development[footnoteRef:2] [2:  Development and infrastructure projects must complete the risk matrix (see end of the proposal form).] 

	Research
	Infrastructure2
	Education
	Time Series
	Institute Initiative



Project Manager[footnoteRef:3]:		Chad Kecy	 [3:  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. ] 

Principal Investigator:		Kakani Katija
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	Project Title:		Multi-Spectral StealthCam

Please indicate which category best describes the project theme (mark only one).
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	Ocean 
biogeochemistry
	Ecosystem dynamics
	Ocean visualization
	Exploration & discovery



Please indicate percentage of effort on this project anticipated for 2022 toward these three highest institutional goals (percentage total should equal 100%). 

	Goal
	Developing/adapting innovative technologies
	Utilizing developments to explore and understand ocean systems
	Technology/knowledge transfer[footnoteRef:4] [4:  This category includes transfer of hardware, know-how, publications, presentations, etc. ] 


	Percentage
	70
	20
	10


2022 Proposal Process – Internal-Only Projects
Submission Deadlines: Phase I – July 13th at 8:00 a.m., Phase II – September 3rd 
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1) ABSTRACT (all projects)
Briefly provide a high-level summary of the project (ideally no more than 1/2 page).

Our goal is to understand the effects of different wavelengths and intensities of light on animal responses to platforms in order to 1) facilitate the design of less invasive imaging systems applicable to the animals in Monterey Bay and 2) understand the effects of our video observations on the measurements of animal presence and abundance. To achieve these objectives requires that we experimentally examine the responses of animals to artificial lighting of various colors and intensities under a range of conditions. Preliminary experiments have suggested that avoidance of light by anchovies is reduced with red light relative to white, increased with blue light, and reversed to attraction with green. Whether these behavioral responses are consistent across a range of organisms, and how environmental conditions serve to mediate this behavior, is largely unknown. To address this need, we propose to develop a StealthCam video system with lights that can be remotely modulated to change their color and intensity. We envision that this camera system would be deployable from small boats (e.g., R/V Paragon), and when coupled with boat-mounted echosounder measurements, will facilitate experimentation of a wide range of animals and behavior at modest cost. Results from these experiments could quickly be applied to data and deployment strategies of other video platforms and light/camera designs adapted for use on other optical systems.





2) PROPOSAL (all projects)

Background
Provide context for the project, being sure to address these questions: 
· What fundamental problem does this project address, and why is it important?
· What makes this work relevant to MBARI and the Packard Foundation? 
· Is this effort linked to other internal or externally funded projects or collaborative efforts?
· Where does this work fit into the ~5–10 year plan for your group, at MBARI, and in the field?

Fundamental Problem: 
We humans tend to think of the ocean as a blue, shadowy world. The animals and plants that live there, however, are bathed in light coming from all directions, in a way we land-dwellers have never experienced. Animals use light, either that found in the environment or that they create themselves, to hunt, confuse and startle, hide, communicate, find conspecifics, and more. Light, no matter the color and intensity, frames life in the sea. Animals in the ocean possess specially adapted visual systems and accompanying behaviors that are tuned to respond to changes in the light field. Unfortunately, to observe these animals using visual techniques, we must often rely on artificial illumination, dramatically disrupting important environmental cues. Not surprisingly, this affects our view of life in the ocean as many animals avoid the light (and thus our imaging systems), while still others are attracted to the light. Our ability to understand the ecosystem using cameras is affected by both our disruption of the habitat and our ability to understand the responses of the animals to our measurement attempts. By developing StealthCam, and coupling these optical observations with bioacoustics measurements, we can not only understand how organismal behaviors are mediated by differing lighting conditions, we can also inform the design of future, truly non-invasive, underwater imaging systems.


[image: ]
Figure 1. Similar to the approach proposed here, avoidance of an open-path fluorometer on a CTD profiler were demonstrated experimentally by observing the distribution and abundance of acoustic scatterers throughout the descent of the profiling package both with (left 3 profiles) and without (right 3 profiles) the emission of light (Benoit-Bird et al., 2012). Measurements from the shipboard echosounders showed that copepods in Monterey Bay were found to strongly avoid the blue light emitted by the fluorometer at distances of 10-15 m, resulting in up to 15-fold decreases in zooplankton abundance measured relative to those measured in the absence of the light.
 
 
Relevance to MBARI and Packard Foundation: 
This research is aimed at understanding ecosystem processes, specifically aligning with the Technology Roadmap goal of enhancing “understanding of the fluctuations and fate of forage species”. The Multi-Spectral StealthCam allows new ways to visualize life in the ocean, fitting the Technology Roadmap focus to “relate water-column conditions and variability of the abundance, distribution, and activity of biota.”

Links to Internal or External Projects: 
The ultimate goal is to facilitate the future design of imaging systems, both at MBARI and externally. The Acoustical Ocean Ecology and Bioinspiration Labs will lead the effort in publishing the experimental results and disseminating the information to the greater oceanographic community. Potential projects that will benefit from our findings and spectral results include the 800139 EyeRIS, i2MAP, Mesobot, as well as the three ROVS: Doc Ricketts, Ventana, and MiniROV.



Nature and Scope of the Proposed Project 
Please provide a sense of the scale and scope of the proposed work. Is this a large de novo R&D effort, modest platform/sensor integration, targeted science investigation with minimal or no engineering needs, extension of current program, small-scale scoping exercise expected to lead to a larger effort, or other? If the project is intended to be multiple years, how will the anticipated level of effort likely change over time?

[bookmark: _GoBack]The StealthCam is a relatively small effort. The initial research and design of the multi-spectral light source is complete and only the final builds and system level integration remain before deployments may begin. 2022 efforts will be focused on testing and data collection.

Anticipated Shared Resource Needs
What staffing is required to advance the work in 2022 (e.g., is this a multi-faceted engineering development or a targeted science investigation that does not require significant use of shared personnel)? Is in-house or contract manufacturing needed? What level of ship/ROV/AUV (DMO) support is likely? If this is intended to be a multi-year effort, please provide a rough indication of anticipated shared resource needs over the duration of the project (e.g., will stay flat, will significantly increase in Year X, will significantly decrease by Year Y).

This is a fully in-house project utilizing engineers and members from two individual science labs. We will be utilizing the R/V Paragon with a team member, Jared Figurski, as the pilot.

Anticipated Expenses
What rough order of magnitude direct expense budget is anticipated annually over the course of the project? Is procurement of specialized capital equipment or outside contractors required? Will there be annual travel?

We anticipate requiring less than $5K in FY 2022. (details below)

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 and/or custom-made equipment 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/.

We do not anticipate the need for any licensing or cooperative research agreements.


Data 
What data will be generated? How will they be managed/stored? Are any special data visualization needs anticipated?

The generated data will be video clips with simultaneous acoustic data. The duration of the files will range from minutes to tens of minutes at a time. 

Raw acoustic and video data will be archived on Atlas, following existing protocols for acoustic and other large data sets. Data products include images of acoustic amplitude as a function of location – echograms and time series of behavioral observations. StealthCam video will be integrated with the VARS database. We hope to utilize developments in 902002 FathomNet for rapid identification of animals in DropCam video data.

Based on projected recording rates, we should generate ~7.2GB of video data per hour. A typical deployment day should generate no more than 4 hours of video (~30GB). Our topside recorder will be utilizing solid state drives ranging in capacity from 2TB to 8TB. Acoustic data is collected at a rate of 25 GB per hour. In 2022, we anticipate less than 1 terabyte of total data will be generated.





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 has a long and storied history of using video to describe the distribution and behavior of animals in the ocean from ROVs and, increasingly, from autonomous platforms. Building on this experience, nearly every idea pitched at last year’s ideation workshop relied on visual imaging, with the underlying assumption that if animals were present, they would be imaged. While it has long been inferred that avoidance and attraction are occurring, we are just beginning to quantify these behavioral responses to light in the ocean. This work expands on those efforts while providing new opportunities to experimentally manipulate the lighting used for imaging, and coupling these observations with bioacoustics. This work will establish the understanding necessary to develop more effective, less invasive imaging systems to facilitate new science on a range of platforms. As a result, this work will be relevant to video/image sampling by a range of camera systems on all observation platforms, thereby informing sampling design and data interpretation for imaging studies of mobile animals. The Acoustical Ocean Ecology and Bioinspiration Labs will lead the field efforts and will publish the results to make our findings broadly available to the oceanographic community to facilitate the design of imaging systems and field sampling approaches.


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 (story, graphic, animation, video, etc.) you might need.

We do not anticipate any outreach needs at this point.


Continuing Projects Only: Status Report
Briefly provide an update of the current project relative to what was proposed for 2021 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

We are currently behind our originally planned schedule. This is due, in part, to the pandemic related shutdown and availability of engineers on the project. However, we do plan to have the build of the system complete by the end of 2021 as engineers’ time frees up towards the end of the year.

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

For 2021, we have only used ~8% of our allocated labor hours (as of July 2021). 

Will you complete the current year’s scheduled work?

Our goal is to finish building the StealthCam by the end of 2021. 

Significant changes from previous project proposal 

Our scientific goals and engineering development plans remain the same, just delayed in time. We plan to utilize 2022 for gathering scientific data. 

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

N/A

All Projects: Specific Plans for 2022

Research Activities

In 2022 we plan to deploy the StealthCam from the R/V Paragon. This will initially entail capturing video using a variety of different wavelengths from our lights at various depths. We will then begin simultaneous deployment of the StealthCam with the downward-looking echosounder. 

Engineering/technology development

The initial development of the StealthCam will be complete by 2022 and we do not anticipate any major changes. 

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. 

The team intends to utilize the R/V Paragon for initial testing and for field deployments in year three. Jared Figurski will be the boat operator for the entirety of the project. We don’t anticipate deploying the StealthCam in 2021, but hope to begin shipboard integration by the end of the year. Operations on the Paragon will begin in 2022. We have requested 10 total Paragon with 2 days each in July through October.


Specific deliverables

The primary deliverable for 2022 will be a table detailing organismal response versus illuminated wavelength. This table will not be exhaustive, but rather will include available species in the near Monterey Bay. Accompanying video will also be captured and will be referenced in our data set. 

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

Milestone #1: Final system level integration
Milestone #2: Test Tank Testing
Milestone #3: Begin deployments on the R/V Paragon

	2022 Project Start Date: 
01/01/2022
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	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
	Q1
	Q1
	Q2
	
	
	

	Milestone Description
	System Level Integration
	Test Tank
	Deployments
	
	
	

	Electrical Engineer
	CK:120
	CK: 40
	CK: 120
	
	
	CK: 280

	Software Eng-Embedded
	TM: 80
	TM: 40
	TM: 40
	
	
	TM: 160

	Software Eng-Info Eng
	
	
	
	
	
	

	Mechanical Engineer
	FC: 40
	FC: 20 
	FC: 40
	
	
	FC: 100

	Mechanical Eng-Division
	
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	
	

	Associate Engineer
	
	
	
	
	
	

	Electrical Tech
	JM: 24
	
	
	
	
	JM: 24

	Software Tech
	
	
	
	
	
	

	Mechanical Tech
	
	
	
	
	
	

	Machinist 
	
	
	
	
	
	

	R/V Paragon
Pilot
	8
	8
	40
	
	
	JF: 56






Budget justification

While the development will be complete by 2022, we do anticipate the need to purchase some incidentals for our video capturing cruises. 


Portable Hard Drives: $500
SD Cards: 		$200
Replacement LEDs	$400
Topside Equipment	$2000
	Total:		$3100

Project team

Kakani Katija, Principal Investigator
Kelly Benoit-Bird, Lead Scientist
Chad Waluk, Research Specialist
Chad Kecy (CK), Electrical Engineer, Project Manager
Franҫois Cazenave (FC), Mechanical Engineer
Thom Maughan (TM), Software Engineer
Jared Figurski (JF), R/V Paragon Pilot


Project lab and office space requirements 
In addition to any changes to current space usage, please also include anticipated office and lab needs for students, postdocs, collaborators, etc.

We will utilize lab space in B124 as well as Thom Maughan’s lab space. 


Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	X
	X
	X
	X



Compliance Considerations
Please respond “Yes” or “No” to each line item below, and provide details as necessary.

	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
	

	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
	

	Work covered by Marine Sanctuary permit?
Yes, if work falls under blanket authorization.
	Y
	Our work is covered by the general MBARI permit.

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

	Equipment deployed with anchors?
Give details for deployment; recovery if < 500lbs
	N
	

	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
	All acoustic instruments are included in the current inventory.
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