2019 Proposal Process – Internal-Only Projects
Submission Deadlines: Phase I – July 18th at 8:00 a.m., Phase II – September 6th
	Project Number:
	901804



	Project Start: Jan. 1,
	2019[footnoteRef:1] [1:  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”.] 

	Project Duration (in years):
	Year 1 of 2 1



Please indicate if proposal includes requests for any of the following (mark all that apply).
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	Ship Time
	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[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]:		Mark Chaffey [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:	Mark Chaffey
Lead Scientist:			Kelly Benoit Bird
Lead Engineer:		Kakani Katija
	
Project Title:	 LRAUV Biology Imager



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[footnoteRef:4] [4:  This category includes transfer of hardware, know-how, publications, presentations, etc. ] 


	Percentage
	90
	0
	10



1) ABSTRACT (new projects only)

This project proposal is to add visual imaging capability as a payload to the Long Range AUV (LRAUV) family of vehicles. This imaging system will capture and store episodic video and still images of water column macro-zooplankton and micronekton in the range of 1 to 100 mm as the LRAUV transits or drifts in a region of interest. The unique investigative value of an imaging system is a result of its ability to capture information about the environment that is not currently measured by any other sensor on the vehicle. Extending this capability to the high endurance LRAUV allows for imaging surveys across large water masses and/or extended time periods without requiring daily ship operations.

Currently, the LRAUV can accurately measure numerous physical properties of the ocean environment, such as oxygen levels, conductivity, etc., but has few sensors that answer the fundamental question of who occupies the environment from a biological perspective. The addition of a free space imaging sensor provides species specific information on the occurrence and population density for a broad range of plankton and nekton too large to be measured by most plankton imaging systems. There are existing systems that will capture images in the smaller size classes of interest, however they have restricted volumes, sample rates, or are too large and heavy for LRAUV use. MBARI has had great results with high quality, forward-looking camera and lighting systems, and we have successfully quantified midwater biological phenomenon from ROV and AUV-based imagery for decades. These developments have created a truly unique data set that addresses fundamental questions on the distribution of species and their relationship with their environment. This project builds on these efforts, utilizing a new platform, and also complements new applications such as verifying the sources of acoustic backscatter (refer to 901807 LRAUV Acoustics).

This project will develop a custom payload and lighting system designed around a commercially available camera module, and provide data in the form of time-synchronized digital video and still image data. 

With the proposed payload, LRAUVs will be vital contributors to the Diurnal Vertical Migration (DVM) research initiative that is anticipated as a proposal in the near future. This effort expects to require high repetition sampling over multi-day periods which can only be cost effective by utilizing the LRAUV. Looking forward, as machine learning algorithms are developed for the automated classification of animals in midwater transect data, this integrated imaging-LRAUV system could be used by MBNMS, other MPAs, and fisheries managers to conduct regular surveys above 300 m depths (see VideoTag and DQ1821 Big Ocean, Big Data projects with Cline, Edgington, and Katija, respectively), and also provide material for outreach and external communications that engage other organizations and individuals, as has been demonstrated by the other imaging systems at MBARI.



2) PROPOSAL

a) All Projects

Statement of the challenge, why it is important

Use case #1 Diurnal Migration.
The daily vertical migration of oceanic small Nekton and larger Zooplankton between the deeper mesopelagic and the more productive upper 200 meter waters of the epipelagic zone is one of the greatest migrations on earth. This vast and energetic movement of biomass directly informs important scientific questions such as the vertical rate of carbon and nutrient transport from surface waters and the role of foraging in the distribution of zooplankton.

Previous work on diurnal migration has used net tows or acoustics to provide estimates of the volumes of bulk transport, but very little direct observation of individual species has been possible. This species-specific identification is important for three reasons; each subgroup migrates at different times and speeds, each may have a different reason and consequence for migration, and each subgroup constitutes an unknown fraction of the overall bulk effect.

MBARI is uniquely positioned to address this problem by using a camera-equipped LRAUV to conduct high temporal and spatial resolution, day and night transects in the upper 300[footnoteRef:5] meters of the water column. The specific mission is to use the camera equipped LRAUV to conduct 150 meter long visual and acoustic[footnoteRef:6] transects at 50 meter depth intervals to 300 meters. The total transect time will be 25 minutes per series and the series would be repeated hourly for 48 hours.	Comment by Kakani Katija: Why limit to 300 m? Isn’t this going to be rated to 500 m? [5:  The existing LRAUV depth limit is 300 meters. The camera will be built to go deeper in anticipation of future LRAUV operating depth increases.]  [6: 6 It is not currently known if the acoustic payload and camera payload will be integrated together into the LRAUV payload section. If they are run as separate payloads then acoustic target verification would be conducted in a coordinated two vehicle experiment.] 


The total sensor “on time” for this mission would be 20 hours and the energy use for this mission would be 1.8 kW·h for 48 hours. The current technology limit to mission endurance would be the internal visual image storage capacity. The energy endurance limit is approximately 5 days. At the end of this cycle, the vehicle would be recovered, recharged, data downloaded, and immediately prepared for another survey.

Use case #2 Evolution of a plankton patch over time using multi-vehicle sampling.
Coastal upwelling of nutrient rich water along the California coast is a major contributor to primary productivity and ultimately to top level fishery productivity. MBARI has demonstrated the study of the evolution of plankton communities following a pulse of nutrient rich water by using coordinated tracking of frontal boundary environmental properties such as salinity and chlorophyll fluorescence with multiple LRAUV’s and Wave Gliders. Coordinated sampling of the resulting plankton patch by LRAUVs can then be conducted using the Environmental Sample Processor (ESP) for collecting and fixing water samples for targeted species direct gene identification or, experimentally, indirect identification using environmental DNA or eDNA.
This use case would extend this patch sampling by using targeted sampling with visual images of the nekton and macro plankton to complement the ESP collected data. In coordination with the other vehicles sampling in the prescribed area, periodically the camera-equipped LRAUV would conduct visual and acoustic surveys. These surveys could be also coordinated with the diurnal cycle by conducting 150 meter long visual and acoustic transects at 50 meter depth intervals to 300 meters every hour for 24 hours, or longer if necessary. Another possible sampling methodology would be to conduct targeted sampling of specific features of interest identified within a patch with other sensors such as Fluorescence.

Use case #3, Target verification of acoustic reflection data.
By 2019 one of the LRAUV’s will be outfitted with a dual frequency compact echo sounder capable of imaging reflected signal strength from organisms as small as 1 millimeter and can image larger organisms out to a maximum range of 200 meters.  While acoustic backscatter has the range and resolution to assess the volume and distribution of reflectors, it cannot identify organisms to the species level. Is the biomass observed in the acoustic backscatter data krill or juvenile anchovies?

Using the complementary sampling methods of acoustics and visual identification, one can investigate the dynamics of the oceanic food web in the size class of 1 – 10 mm, nekton and macro plankton, and fill in this important link between smaller, less mobile plankton and the more highly mobile foragers and predators that lead directly to the larger nekton such as whales.

The specific mission is to use the dual frequency compact echo sounder-equipped LRAUV to conduct acoustic surveys to measure acoustic return. On the same payload or another coordinated LRAUV, a camera equipped LRAUV would simultaneously collect data in the same water mass.	Comment by Kakani Katija: Bummer! So you can’t deploy acoustics and a camera at the same time??


Relevance

How does it relate/contribute to MBARI’s mission and strategic plan?

This project pursues the research theme of Ocean Visualization and directly informs the research themes of Exploration and Discovery and Ecosystem Dynamics.

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

This project increases MBARI’s utilization of robotics for ocean research. It creates a new and unique payload to MBARI’s highly successful fleet of LRAUVs. These vehicles are ideal for conducting the missions described in the use cases due to their ability to conduct multi-day repeat surveys without requiring daily recovery and re-deployment or coordination with a large research vessel.

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.)

This project supports basic research that increases our understanding of ocean ecosystems. This is a described Oceans Visions strategy for achieving the ultimate goal of healthy oceans. 

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

This proposal does not have a research component.

Engineering/Technology Development

The project will develop a custom payload and lighting system for the LRAUV designed around a commercially available camera module. MBARI will develop the camera port adapter optics in consultation with an external optical engineer and design a camera housing and support framework for the LRAUV that allows the system to be easily installed and removed from the vehicle. Based on design constraints it is likely that the lighting system will also be a custom engineering development in order to meet the scientific requirements for spectral properties and the LRAUV requirements for physical form. The design will fully coordinate with the proposed 901906 “Multi-Spectra DropCam” project and leverage where possible.

Marine Operations/Field Programs

The only required marine operations are several short Paragon missions for LRAUV launching and recovery as part of the final field test program.

Data

What data products will be generated?

The project data will be in the form of digital video and still image data files that are synchronized with the other LRAUV collected data.

How will the data products be managed?

The files will be compatible with the MBARI video lab and VARS supported formats and will be processed using the existing workflow for midwater time series data. It is anticipated that the individual research laboratories conducting the experiments will be responsible for image annotation.

Describe data availability outside of the project team.

Data is available to any interested parties as per MBARI’s standard data use policies.

Describe data storage requirements.

Data volumes less than 256 GB per mission are expected. 

Anticipated Impact

Who are the consumers of the instruments, methods, systems, and data that will be generated?

The users of the system are the individuals and laboratories at MBARI described in the use cases.


b) Continuing Projects

Not applicable.

c) All Projects: Specific Plans for 2019

Research Activities

There are no research activities in this project.

Engineering/technology development

There are two areas of engineering development that will be completed as part of this project: (1) the camera or image acquisition system and (2) the lighting system.

To build the camera system, a commercial camera module and lens will be selected that will fit within the size constraints of the LRAUV nose payload space. Numerous candidates have been evaluated during the feasibility study phase (901804, currently in progress) and at least three different commercial camera modules show promise (e.g., products from Sony, Panasonic and Black Magic). In addition, we will evaluate the Prosilica camera used in the WHOI/REMUS AUV for suitability. The final selection is based on the quality of the image, the ease of integration as demonstrated by a well-supported user applications programming interface (API) and the overall package size.

The camera and lens selection will inform the design of the front dome (or flat plate) port and the necessary intermediate lenses to be selected. The optical path and lens prescriptions will be designed by a consulting engineer (Dr. Paul Remijan) who specializes in high quality underwater optical ports and designed the i2MAP camera optics.

The selection of the camera also determines the requirements for lighting and it is anticipated that a custom design will be required that has the spectral properties needed and meets the hydrodynamic needs of the vehicle. Custom LED lighting systems are relatively easy to design due to the availability of integrated current mode controller chips, and the project engineering team has previous experience designing LED lights including models with current mode control and thermal management.

The camera housing and supporting nose cone framework will be fabricated at MBARI.



Field programs (detail ship requirements/deployments/diver requirements)

The field program consists of three separate LRAUV missions supported by the Paragon for system sea trials to take place towards the end of 2019.

Isotope Usage

None

Specific deliverables

LRAUV payload nose section with imaging capability.

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

[bookmark: _GoBack]   [Click here to enter text]   

	2019 Project Start Date: 
01/01/2019
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources[footnoteRef:7] (in hours) for each resource category for all milestones listed here [7:  This number should be the same number you entered on the resource requests for this particular resource.] 


	Milestone Date
	May 15
	July 1
	September 15
	October 15
	November 15
	

	Milestone Description
	Final camera selection and preliminary design review
	Critical design review and parts out to fabrication
	Hardware assembly complete
	Software control integrated with LRAUV mission scripting
	Testing and sea trials complete
	

	Electrical Engineer
	90
	120
	110
	30
	40
	390

	Software Eng-Embedded
	20
	10
	10
	120
	40
	200

	Software Eng-Info Eng
	
	
	
	
	
	

	Mechanical Engineer
	10
	10
	
	
	10
	30

	Mechanical Eng-Division
	
	
	
	
	
	

	Mechanical Eng-Mfg
	
	
	
	
	
	

	Associate Engineer
	
	
	
	
	
	

	Electrical Tech
	
	
	
	
	
	

	Software Tech
	
	
	
	
	
	

	Mechanical Tech
	
	10
	20
	
	
	30

	Machinist 
	
	80
	40
	
	
	120

	Divers
	
	
	
	
	
	



Budget justification

The budget requests capital funds for the camera module of $7000. Funds are also requested that total $15,020 to pay for materials and parts including SD card memory, optical port, adapter optics, housing material, nose cone fabrication and incidental supplies and materials.
An outside consulting engineer is contracted for the detailed optical lens design and funds are requested of $5000 for his fee.
Funds are also requested for one trip to Las Vegas to attend the National Association of Broadcasters show/convention in April 2019, for $1040. This event provides the best annual sampling of newly released camera modules and lenses from all of the major manufacturers.
The total project budget request for expenses and capital is $28,060.

Project team

Mark Chaffey, Brian Kieft, Rich Henthorn, Brett Hobson, Kakani Katija, Kelly Benoit-Bird and Ben Yair Raanan.

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.

No specially allocated space is required.

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.

Brian Kieft will operate R/V Paragon for our project needs. Mark Chaffey is an operator-in-training.

Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	X
	X

	Low
	
	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.

No

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.

No

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? 

 No

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?

No

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.

No

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.

Not applicable.
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