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	ROV
	AUV
	Wave Glider
	Mini ROV


Please indicate what type of project is being proposed (mark only one).
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	Feasibility/Scoping

[Less than 100 days effort]
	Development

	Research
	Infrastructure2
	Education
	Time Series
	Institute Initiative


Project Manager
:

Chad Kecy


Principal Investigator:
Kakani Katija
Lead Scientist:


Kelly Benoit-Bird
Lead Engineer:

Chad Kecy

Project Title:

Multi-Spectral DropCam
Please indicate which category best describes the project theme (mark only one).

	
	
	
	
	
	
	
	X
	
	
	
	

	Ocean 

biogeochemistry
	Ecosystem dynamics
	Ocean visualization
	Exploration & discovery


Please indicate percentage of effort on this project anticipated for 2019 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


	Percentage
	33
	33
	34


1) ABSTRACT (new projects only)
Project Description:    

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 DropCam video system with lights that can be remotely modulated to change their color and intensity. We envision that this camera 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. 

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?)

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 DropCam, 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.
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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). 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 from point sensors on the profiler relative to those measured in the absence of the light.

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

The DropCam will leverage technology previously developed for the Benthic Observation System (BOS). The core electronics and video system will be simplified and re-packaged into a more compact housing. A coaxial tether will provide power and communication to the DropCam. Live video will be available and recorded on the boat. The multi-spectral LED module will be developed based on an existing low-noise (both acoustic and electronic-magnetic) design made by Thom Maughan. The LED module will be controlled from the ship, with the ability to change its output wavelength and intensity. 

With a depth rating of 300 meters and a relatively small size, the DropCam should be able to be launched and recovered using a simple line-hauler, like those used for crab pots. The R/V Paragon will be used for testing and eventual deployments.

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

The primary product of the DropCam will be high-definition video. Video will be compatible with existing MBARI/VARS formats. Given that deployments within the scope of this proposal will initially be conducted to test the DropCam rather than conduct science, we anticipate the amount of video collected will be modest. 

Impact (What is the expected 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 the recent 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.

Please provide an overall, high-level estimate of resources envisioned for this project in 2019 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.
We anticipate that deployments after year one will be integrated into ongoing field efforts and will not lead to significant resource requests in year two.
2) PROPOSAL
a) All Projects
Statement of the challenge, why it is important
Most current imaging systems, both at MBARI and at other institutions, rely on high intensity white-colored LEDs for illumination. While these bright lights help improve the image quality of the recorded video, they may also be directly affecting the intended biological targets. We propose to develop an imaging system that utilizes a light module which is tunable in both wavelength (color) and intensity (brightness).  The recorded video and echo-sounder measurements will both help understand the behavior of the target species being illuminated as well as aid with the design of future imaging systems.

Relevance


How does it relate/contribute to MBARI’s mission and strategic plan?
Objective 1: Foster technological innovation
Strategy 1.3: Support feasibility studies by providing access to resources for scoping new ideas or directions, particularly for potentially transformational or disruptive technologies.

Does it relate to the Technology Roadmap? If so, please describe how. (See http://mww.mbari.org/oed/TechnologyRoadmap.pdf.)
Ocean visualization
Exploration and discovery

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 DropCam allows new ways to visualize life in the ocean, fitting the Technology Roadmap focus to “relate water-column conditions and variability to the abundance, distribution, and activity of biota.”

How does it relate/contribute to the Packard Foundation’s Ocean Grantmaking Program? (See https://www.packard.org/what-we-fund/ocean/ and documents therein.)

The Packard Foundation seeks to help the United States and other countries ensure that fishing and marine aquaculture are sustainable and to protect places that are vital to maintaining biodiversity and wild fish stocks. A key part of the US stock assessments strategy is accurately identifying acoustic targets to estimate allowable takes. This work seeks to develop a new, in situ approach to taxa identification in conjunction with acoustic sampling at a relatively low cost that can contribute to addressing this key data need.
Overall approach to the challenge: Over the complete term of the project, what is needed to address the challenge (e.g., sensors, platforms, marine operations, de novo R & D, etc.)

Research
Year one efforts in 2019 are primarily aimed at development and testing. The Acoustical Ocean Ecology and Bioinspiration research teams will contribute to those efforts, leveraging their experience with deployment of instruments from small boats including the Paragon, instrumentation available in their respective labs, and experience with taxonomic identification from video. Rapid analysis of video data collected during test missions will be critical to finalization of the DropCam system and deployment set up. We hope to leverage efforts in Big Ocean, Big Data (DQ1821 FathomNet) to aid in the video data analysis process.
Engineering/Technology Development

The overall engineering thrust of this effort is to modify existing technology (BOS camera) and develop a new device (tunable LED module). We plan to retain as much of the BOS technology as possible while still meeting the functional requirements of the DropCam. A major engineering emphasis will be placed on the ease of all stages of deployment: mobilization, launch operation, recovery, and de-mobilization. We intend to make the DropCam a portable system which can be deployed and operated by a single researcher. 
Marine Operations/Field Programs
The team intends to utilize the R/V Paragon for initial testing in year one and for field deployments in year two. Jared Figurski will be the boat operator for the entirety of the project. We anticipate up to 10 days of Paragon time during 2019.
Data


What data products will be generated?

The generated data will be video clips with simultaneous acoustic data. The duration of the files will range from ones of minutes to tens of minutes at time. 
How will the data products be managed?


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. DropCam video will be integrated with the VARS database. We hope to utilize developments in DQ1821 FathomNet for rapid identification of animals in DropCam video data.

Describe data availability outside of the project team.

Raw data will be available to internal users via Atlas and external uses on request after the standard embargo period. 
Describe data storage requirements.

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 2019, we anticipate less than 1 terabyte of total data will be produced.
Anticipated Impact
Who are the consumers of the instruments, methods, systems, and data that will be generated?

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 901804 LRAUV Imager, 800139 EyeRIS, i2MAP, as well as the three ROVS: Doc Ricketts, Ventana, and MiniROV.
b) Continuing Projects

If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

Current status of project and results to date
   [Click here to enter text]   
What percentage of labor and budget have been used through the 1st half of year?

   [Click here to enter text]   
Will you complete the current year’s scheduled work?

   [Click here to enter text]   
If you are at less than 50% resource usage, what is the plan to complete, or what work won’t be done this year?

   [Click here to enter text]   
Significant changes from previous project proposal 

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

   [Click here to enter text]   
c) All Projects: Specific Plans for 2019
Research Activities
As 2019 will be focused on the development of the DropCam, we do not anticipate any significant research occurring. The field deployments will begin in year two.
Engineering/technology development

The DropCam will be a tethered video imaging system with two interconnected subsea housings: the camera module and the tunable LED module. Live video and real-time control of the system will be available onboard the ship. Video will be recorded topside. The LED module will be able to emit light at a wavelength range from 350nm to 850nm. A ship-mounted downward looking echosounder will provide simultaneous acoustic data. The separate DropCam system housings allow the science user to configure the physical orientations of the camera and lights to meet the imaging needs of the particular scenario. The system will operate down to 300 meters and will be deployed by a simple line hauler.
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Figure 1: DropCam concept

The design of the camera housing will be based on the existing prototype version of the Benthic Observation System (BOS). As the prototype BOS is no longer in use, the DropCam will reuse many of its internal electronics. One uncertainty of the DropCam imager is the wavelength sensitivity of the camera sensor. We hope to reuse the existing Sony A6300, but that is contingent upon its spectral response. We plan to evaluate a number of potential cameras and will conduct a side-by-side spectral response test of the imagers. The tether and power/communication methods will be the same as was used on BOS. Due to the DropCam being a less complex system than the BOS, we plan to simplify the topside user control. LabView will be used to read and log data as well as perform any remote camera functions.
The tunable LED module will be based on Thom Maughan’s existing design. This will be a potted housing with a cabled interface to the camera module for power and serial communications. Early in the year, an evaluation of LED options such as discrete LEDs or tunable chip-on-board (COB) will be performed. During the evaluation period, both the optical spectral width and output power of the LEDs will need to be characterized. The optical spectral width of the LEDs will define the minimum wavelength separation (or optical bins) of the system. The LED module could potentially be comprised of individual LEDs from different manufacturers, all with different electrical-to-optical efficiencies. This will result in non-uniform output intensity across all of the available wavelengths. In order to have a consistent intensity adjustment, different numbers of discrete LEDs per wavelength may need to be used. One additional important characteristic of the LEDs is the output beam angle since we are seeking a diffused light pattern. Depending on the LEDs selected, we may need to consider adding external lenses and/or diffusers to the LED module.
The characterization of the LEDs will require test equipment which can measure, either graphically or by numerical display, the output wavelength spread and output power. We are looking to purchase a reasonably accurate piece of measuring equipment.  

The DropCam is intended to work side-by-side with an acoustical echo-sounder. Previous work by the Acoustic Ocean Ecology lab has demonstrated interference in the acoustic receivers from electronic switching noise. The electrical design of the LED drive circuits will be need to be low noise. 
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Figure 2: Prototype LED module designed by Thom Maughan
Field programs (detail ship requirements/deployments/diver requirements)
We will use the R/V Paragon for initial testing; this will take place towards the end of 2019 (projected for 4th quarter). Jared Figurski is a DropCam team member so we will coordinate with him when we get close to the testing stage.
Isotope Usage

Project teams must provide details regarding any planned isotope use on shore, on ships, in the Sanctuary, etc. Please review the guidance on isotope usage at http://www.mbari.org/at-sea/cruise-planning/hazardous-materials/ and policy at  http://mww.mbari.org/safety/SafetyManual/Isotope_Use_Policy.pdf, and then provide details on plans below.

N/A
Specific deliverables
Our deliverable for year one will be a complete and field tested DropCam system. Our deliverable for year two will be a comprehensive table detailing organismal response versus wavelength. Depending on the performance of the LED module, we may modify the design during year two.
Milestones and required personnel (see personnel classification list for staff classifications)
Milestone 1: Design/Develop the Camera Module
Milestone 2: Design/Develop the LED Module

Milestone 3: Build the Camera Module

Milestone 4: Build the LED Module

Milestone 5: System Level Testing and R/V Paragon Integration

	2019 Project Start Date: 
01/01/2019
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 (in hours) for each resource category for all milestones listed here

	Milestone Date
	Q1
	Q1
	Q3
	Q3
	Q4
	

	Milestone Description
	Design
Cam

Module
	Design
LED

Module
	Build
Camera

Module
	Build
LED

Module
	Sys Level
Testing &

Paragon
	

	Electrical Engineer
	CDK: 80
ADS: 40
	
	CDK: 120
	
	CDK: 200
ADS: 40
	CDK: 400
ADS: 80

	Software Eng-Embedded
	
	TM: 160
	
	TM: 100
	TM: 60
	TM: 320

	Software Eng-Info Eng
	
	
	
	
	
	

	Mechanical Engineer
	FC: 100
	FC: 40
	FC: 40
	FC: 30
	FC: 60
	FC: 270

	Mechanical Eng-Division
	
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	
	

	Associate Engineer
	
	
	
	
	
	

	Electrical Tech
	
	
	40
	40
	
	80

	Software Tech
	
	
	
	
	
	

	Mechanical Tech
	
	
	
	
	
	

	Machinist 
	
	
	120
	40
	
	160

	Divers
	
	
	
	
	
	


Budget justification
This budget is based upon a complete build of (1) DropCam system, broken down by sub-system.
The total request is $35,268.

	Camera Housing
	
	
	
	
	

	Item
	Qty
	Unit Cost
	Tax
	Shipping
	Cost

	Cable Modems
	1
	$250
	$23
	$10
	$283

	Quad Serial Server
	1
	$500
	$45
	$10
	$555

	Bias T Custom Board
	1
	$250
	$23
	$25
	$298

	Quad Ethernet Switch
	1
	$100
	$9
	$25
	$134

	Serial Cables
	4
	$40
	$4
	$10
	$214

	Wago Stack
	1
	$1,000
	$90
	$10
	$1,100

	Compass
	1
	$500
	$45
	$10
	$555

	24Vdc Supply
	1
	$200
	$18
	$10
	$228

	12Vdc Supply
	1
	$200
	$18
	$10
	$228

	HDMI-to-Ethernet Converter
	1
	$300
	$27
	$10
	$337

	Camera  1
	1
	$1,300
	$117
	$25
	$1,442

	Camera 2
	1
	$1,300
	$117
	$25
	$1,442

	Camera 3
	1
	$1,300
	$117
	$25
	$1,442

	SubConn Connectors
	5
	$120
	$11
	$25
	$779

	Housing Material
	1
	$1,000
	$90
	$25
	$1,115

	Endcaps
	1
	$300
	$27
	$25
	$352

	Bracketry
	1
	$500
	$45
	$25
	$570

	Viewing Ports
	1
	$200
	$18
	$25
	$243

	Assted Electronics
	1
	$500
	$45
	$25
	$570

	Assted Hardware
	1
	$500
	$45
	$25
	$570

	 
	 
	 
	$0
	 
	$0

	
	
	
	
	
	$12,456


	LED Housing
	
	
	
	
	

	Item
	Qty
	Unit Cost
	Tax
	Shipping
	Cost

	LEDs for Evaluation
	1
	$500
	$45
	$100
	$645

	Aluminum PCB Fabrication
	1
	$3,000
	$270
	$50
	$3,320

	Microprocessor PCB Fab
	1
	$2,500
	$225
	$50
	$2,775

	Potting for Housing
	1
	$500
	$45
	$25
	$570

	 
	 
	 
	$0
	 
	$0

	 
	 
	 
	$0
	 
	$0

	
	
	
	
	
	$7,310


	System Level
	
	
	
	
	

	Item
	Qty
	Unit Cost
	Tax
	Shipping
	Cost

	Tether, 350 meters
	1
	$1,610
	$145
	$100
	$1,855

	System Cables
	3
	$150
	$14
	$25
	$566

	Depth Sensor
	1
	$2,200
	$198
	$25
	$2,423

	Sekonic Color Meter
	1
	$1,500
	$135
	$50
	$1,685

	Line Hauler
	1
	$300
	$27
	$50
	$377

	 
	 
	 
	$0
	 
	$0

	
	
	
	
	
	$6,905


	Ship Side
	
	
	
	
	

	Item
	Qty
	Unit Cost
	Tax
	Shipping
	Cost

	Laptop
	1
	$2,000
	$180
	$100
	$2,280

	Ethernet-to-HDMI Converter
	1
	$300
	$27
	$25
	$352

	Cable Modem
	1
	$250
	$23
	$25
	$298

	Bias T Custom Board
	1
	$250
	$23
	$25
	$298

	Quad Ethernet Switch
	1
	$100
	$9
	$25
	$134

	SubConn Connector
	1
	$120
	$11
	$10
	$141

	Rack Case Al Box
	1
	$250
	$23
	$25
	$298

	Gator Case
	1
	$500
	$45
	$100
	$645

	Deck Recorder
	1
	$2,500
	$225
	$100
	$2,825

	Solid State Drives
	2
	$300
	$27
	$50
	$754

	Assted Hardware
	1
	$500
	$45
	$25
	$570

	 
	 
	 
	$0
	 
	$0

	 
	 
	 
	$0
	 
	$0

	 
	
	
	
	
	$8,593


Project team
Kakani Katija, Principal Investigator

Kelly Benoit-Bird, Lead Scientist

Chad Waluk, Research Specialist

Chad Kecy, Electrical Engineer, Project Manager
Alana Sherman, Electrical Engineer

Franҫois Cazenave, Mechanical Engineer

Thom Maughan, Software Engineer

Jared Figurski, 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 my lab space in B124 as well as Thom Maughan’s lab space. 
R/V Paragon Requests

If the project team will be requesting time for the R/V Paragon, please specify the operators in the group and provide estimates of their availability to operate the vessel.

Jared Figurski will be the pilot. We project there to be up to 10 test/trial days towards the end of 2019.
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	X
	X
	X
	X


d) Compliance Considerations
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

N/A
Does the project team plan or anticipate export-controlled purchases, shipments, or transfers of items (e.g., research instruments, proprietary data, hand-carried tools or samples) outside the U.S. temporarily or permanently? If yes, please identify country or countries and indicate whether these items will remain under MBARI control while abroad or controlled by others. Will the items be exported to more than one country? Please include foreign collaborator information as described above.

N/A
Monterey Bay National Marine Sanctuary (MBNMS)
General Permit

Projects teams need to indicate if any work will be performed that is either: (1) currently authorized under our general permit; or (2) will require that we obtain authorization. The current permit can be viewed at http://mww.mbari.org/pco/permits/mbnms-2015-002_feb2015.pdf. Please see Mandy Allen for questions.
Is a permit with MBNMS required for your work? 

Yes; our activities will be covered by MBARI’s existing permit.
SESAs (General map)
Projects will need to indicate whether or not work will be conducted within one of the Monterey Bay National Marine Sanctuary's Ecologically Significant Areas (SESAs). An interactive map can be found on the Sanctuary's SIMoN webpages at https://sanctuarysimon.org/regional_sections/maps/mpaviewer/. If your work will be conducted in one of these areas, please indicate which area by number or name (zoom in to see names of MPAs).
None
California Department of Fish & Wildlife

A Scientific Collecting Permit will be required for biological and geological sample collections offshore California (even in Federal waters and beyond), and for many activities in State Marine Protected Areas. Please see Mandy Allen for questions.
Will you be collecting samples that require a permit?

Yes, Scientific Collecting Permits have already been obtained.
Will you be working in a State Marine Protected Area?
No
Authorizations/Permits from other Agencies or Organizations

Is the project team aware of any other permits or authorizations that will be necessary to perform the proposed work? If so, please list below along with status of authorizations (obtained, pending, need to apply, etc.). Please see Mandy Allen if you have questions.

None
Active Acoustics

We are keeping an inventory of acoustic instrumentation. The current list is posted here: https://mww.mbari.org/resources/2019_Proposal_Process/documents/mbari_acoustic_instruments_2018-05-29_ver_11.pdf. If you have or plan to use equipment that is not already on this list, please be sure to include that information here.

All acoustic instruments are included in the current inventory.
� This date and number should remain the same for the duration of the project. If your project start date for 2019 is not January 1, please indicate the start date in the first cell of the milestone chart. Format for duration example: “Year 2 of 5”.


� Development and infrastructure projects must complete the risk matrix (see end of the proposal form).


� 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. 


� This category includes transfer of hardware, know-how, publications, presentations, etc. 


� This number should be the same number you entered on the resource requests for this particular resource.
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