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Project Title:
Park-N-Fly AUV for long-term Abyssal Surveys
1) ABSTRACT (new projects only)
Project Description: 
Autonomy from ship-based measurements is key to the success of time-series studies given increasing constraints on funding and resources. This goal is critical to the integrated time-series studies at MBARI. Efforts are now internally funded to develop two AUVs with different payloads and mission requirements for sampling and imaging in the upper 1000 m of the water column. The first AUV is long-range (LRAUV) with a current depth rating of 300 meters. This vehicle can travel long distances for extended periods, collect water for phytoplankton analyses, support sensors to measure physical and chemical parameters as well as acoustic backscatter from pelagic fauna. A second AUV, with much shorter spatial and temporal capabilities, is being developed with an optical and acoustic imaging payload.  This AUV will conduct video and ultimately acoustic transects in the upper 1500 m of the water column to provide community structure data on zooplankton and nekton. 

Neither of these AUV developments is capable of working at abyssal depths and in particular at Sta. M.  Here we propose to conduct a feasibility study of the high risk elements essential for the development of a pelagic-benthic AUV capable of long-term deployments at 4000 m. For 2016, we propose to establish proof-of-concept and endurance testing of high-rsik elements of this proposed AUV. Many of the advancements we propose will be aplicable to other projects at MBARI.The ultimate AUV would have the following specifications:
1. Work to depths of 4000 m with yearly servicing.

2. Conduct four to six 8-hr long surveys throughout the year.  Each survey will mix bottom photo-transects over the same trajectory (Data analyses using VARS) and higher altitude water column acoustic sampling transects (Acoustic data analyses using Echoview software which Kathy Dunlop is currently using for Reson multi-beam analyses).  Salinity, temperature and oxygen data will also be collected during each transect.
3. Dock to a vertical riser cable (Park) and remain in a secure sleep-mode between surveys.

4. Initially, AUV operations will be controlled and monitored from shore via acoustic modem through the wave glider Hotspot during scheduled trips to Station M.  Eventually unsupervised operations and event triggered operations are envisioned.  AUV data products will only be available at yearly servicing and not be relayed via the Hotspot, though status and summary data could eventually be transmitted. 
Scientific justification: 
Current analyses of the 26-year time series data from Sta. M reveal significant daily to weekly changes in the benthic community and environmental parameters. For example, one recent event was a salp bloom export from the upper ocean to the sea floor at Sta. M with daily changes in deposition rates and abundance of mobile megafauna (Smith, et al., 2014). This event followed a longer term pattern of changing climate and its impact on the deep ocean communities (Smith, et al., 2013). The frequency of such visible changes on the sea floor justify higher temporal resolution surveys providing greater spatial coverage than currently provided by the time-lapse camera (~20 m2) to give a broader perspective (1-10 km2 scale) of how abyssal communities are altered by changing climatic conditions and upper ocean processes. The overall goal is to conduct these seasonal benthic surveys synoptically with seasonal AUV surveys in the upper water column and midwater as part of our integrated time-series program at MBARI. This option of a deep AUV is considerably more cost effective than seasonal surveys using ship-based operations. 
Backscatter studies represent a significant opportunity for quantifying poorly-known pelagic and benthiopelagic communities, as researched at MBARI and beyond. Methods in data analysis are emerging rapidly. Our proposed early investments in experimental design and data analysis will pay off in more streamlined data flows and scientific publications in the future. 
Proposed development: 
Our ultimate goal is to develop a versatile AUV platform with modular construction to support a wide variety of instruments in a park-n-fly mode in any terrain to 4000 m depth for year- long durations.

Proposed configuration:

1. Dorado AUV 

2. Rechargeable battery packs (Inspired Energy) with new shutdown feature

3. Downward-looking still camera and strobe system

4. Reson multibeam sonar to record water column backscatter targets from an altitude of about 30-50m.

5. Acoustic modem for communications to/from shore through the Wave Glider Hotspot

6. iUSBL for acoustic homing to a Homer beacon mounted to riser cable dock.

7. Mechanical latch to secure AUV to riser cable.  This is a passive latch, active (motorized) release. 

Given the feedback from the MT on our abstract, we are proposing to conduct a feasibility study of some high-risk elements of the Park-N-Fly development. For 2016 these elements will include syntactic foam testing at 4000 m for one year, proof-of-concept testing of T-20 multibeam on Doc Ricketts at Sta. M and processing of the backscatter data, and bench testing shut-down/wake-up features on rechargeable battery packs.
The current proposed feasibility project will address the following specifications:

1. Long-term buoyancy loss: Obtain coupons of syntactic foam from manufacturers for field testing at 4000 m for 12 months to quantify loss of buoyancy. AUVs must maintain near constant buoyancy during long-term deployments.  We will identify which syntactic foams are suitable for long-term deployments on an AUV at 4km.

2. Long-term lithium ion battery storage: Bench test rechargeable batteries shut-down/wake-up feature. Minimizing self-discharge of the AUV’s rechargeable batteries:  Primary batteries, like those used on the Benthic Rover could be used, but are expensive.  We hope to demonstrate that a simple modification of the existing battery design can lower the self-discharge to a level suitable for 1 year deployments.

i. Hans is buying an extra sphere for testing (3.4 amp hr)

3. Bioacoustics at Station M: Mount T-20 on benthic sled of Doc Ricketts to establish proof-of concept data collection and provide sample data for analysis. 
4. Bioacoustics data analysis: Explore data analysis for these acoustic backscatter data (in collaboration with Kathy Dunlop and Kelly Benoit-Bird)
Key technologies:

1. Long-term operations at 4 km depth.
a. Benthic Rover has demonstrated corrosion resistance and long-term reliability

b. Many AUV parts are stainless steel or aluminum, which would need to be replaced with titanium versions. 

c. Work is needed to increase reliability

2. Acoustic Homing

a. 2006 AUV Docking project demonstrated accurate acoustic homing to within ±1m

b. MBARI owns the 4km depth rated Sonardyne iUSBL and Homer transponders needed for homing.  However, while the existing aluminum housings  are appropriate for pilot project, titanium would be required for missions longer than 1 year

3. Latch to a cable

a. ROV Tiburon and Doc Ricketts routinely dock to a riser cable with a similar nose latch.

4. Acoustic gateway

a. MBARI’s USV Hotspot has demonstrated basic functionality to relay commands from shore via iridium to a submerged vehicle using a Benthos LF acoustic modem. A 2016 internal project will be proposed by Stanway to improve acoustic communication.  

Relevance to MBARI:

Strategic Plan: This project provides a critical contribution to one research theme - Ecosystem dynamics – studying the transfer of organic matter, including living and dead material between surface waters and the deep-sea floor. We are the only research group making long time-series measurements of carbon flux to the abyssal sea floor and its utilization by the benthic community, and by subtraction estimating carbon sequestration.  A specific example is the salp bloom study we published in 2014 (L&O 59:745-757).   

Technology Roadmap: Our continuing research is directly related to problem statement #6, relating water column conditions and variability to the abundance, distribution and activity of organisms. Our time-series research also addresses problem statement #8, providing insights into the future ocean. Additionally, our collaboration with the integrated time series (ITS) project forms an essential role addressing problem statement #3 in advancing a detailed quantitative view of the biological pump.
Other: The ROV Doc Rickets has suffered significant syntactic foam buoyancy loss and results from the proposed tests will provide valuable information about how a wide range of different syntactic foam products perform under long-term pressurization. Such a test is difficult and time consuming to perform and it appears none of the manufactures have done this sort of test.  MBARI uses syntactic foam products for its other AUVs as well as subsurface mooring floats and standalone instruments. 

The rechargeable battery shut-down testing will be performed on similar battery packs as are installed in the LRAUV and have been considered for other subsea power applications so results from these tests could be applied to future battery pack design.  

The bioacoustics work proposed here will done in collaboration with project 901500 that is exporting navigation and ROV technology to help with shallow-water rockfish investigations.  One of the external collaborators on that project (Rick Starr, MLML) has worked with Echoview in the past and one of his students will be working up the bioacoustics data we hope to collect during 2016, if it is supported.
2) PROPOSAL
a) New Projects
Statement of the problem, why it is important:
Current analysis of the 26-year time series data from Sta. M reveal significant daily to weekly changes in the benthic community and environmental parameters. For example, one recent event was a salp bloom export from the upper ocean to the sea floor at Sta. M with daily changes in deposition rates and abundance of mobile megafauna (Smith, et al., 2014). This event followed a longer term pattern of changing climate and its impact on the deep ocean communities (Smith,et al., 2013). The frequency of such visible changes on the sea floor justify higher temporal resolution surveys providing greater spatial coverage than currently provided by the time-lapse camera (~20 m2) to give a broader perspective (1-10 km2 scale) of how abyssal communities are altered by changing climatic conditions and upper ocean processes. The overall goal is to conduct these seasonal benthic surveys synoptically with seasonal AUV surveys in the upper water column and midwater as part of our Integrated Time-Series (ITS) program at MBARI. This option of a deep AUV is considerably more cost effective than seasonal surveys using ship-based operations.

How does it relate/contribute to MBARI’s mission and strategic plan?
This project provides a critical contribution to one research theme - Ecosystem dynamics – studying the transfer of organic matter, including living and dead material between surface waters and the deep-sea floor. We are the only research group making long time-series measurements of carbon flux to the abyssal sea floor and its utilization by the benthic community, and by subtraction estimating carbon sequestration.  A specific example is the salp bloom study we published in 2014 (L&O 59:745-757).   
How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents.htm#Packard for documents.)
Fisheries and protected area managers are equipped to implement ecosystem-based management and adapt to the impacts of climate change and ocean acidification. This project provides an ecosystem approach to monitoring deep ocean communities which is essential to management in order to forecast and adapt to the impacts of climate change

Does it relate to the Technology Roadmap? If so, please describe how. 

(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)
Our continuing research is directly related to problem statement #6, relating water column conditions and variability to the abundance, distribution and activity of organisms. Our time-series research also addresses problem statement #8, providing insights into the future ocean. Additionally, our collaboration with the integrated time series (ITS) project forms an essential role addressing problem statement #3 in advancing a detailed quantitative view of the biological pump.

Approach to the problem:
Autonomy from ship-based measurements is key to the success of time-series studies given increasing constraints on funding and resources. This has been a critical goal of the ITS studies at MBARI over the past several years. Efforts are now internally funded to develop two AUVs with different payloads and mission requirements for sampling and imaging in the upper 1000 m of the water column. The first AUV is long-range (LRAUV) with a current depth rating of 300 meters. This vehicle can travel long distances for extended periods and has a payload capable of supporting sensors to measure physical and chemical parameters over its depth range as well as acoustic backscatter from pelagic fauna. In addition, the LRAUV is equipped with a multi-syringe sampler to collect water for phytoplankton analyses ashore. A second AUV, with much shorter spatial and temporal capabilities, is being developed with an optical and acoustic imaging payload.  This AUV will conduct video and ultimately acoustic transects in the upper 1000 m of the water column to provide community structure data on zooplankton and nekton. 

Neither of these AUV developments is compatible with conducting time-series investigations at abyssal depths and in particular at Sta. M.  Here we are proposing a scoping project to ultimately develop a pelagic-benthic AUV that is capable of conducting seasonal bottom photo-transects and insonifying the bottom of the water column for benthopelagic community studies while reducing shiptime requirements. 
This new AUV will have the following capabilities:
1. Work to depths of 4000 m for one year

2. Conduct four 12-hr long bottom photo-transects four times a year over the same trajectory. (Data analyses using VARS)

3. Collect four 12-hr transects of backscatter data from the overlying water column concurrently with bottom photo-transects (Acoustic backscatter data collected by MBARI’s Reson 7125 multibeam sonar has been analyzed using Echoview software by Kathy Dunlop)

4. Collect salinity, temperature, oxygen data on each transect

5. Dock on sea floor in sleep-mode between seasonal 12-hr surveys.

6. Communicate via acoustic modem with wave glider seasonally to provide status reports on operation (not data transmission)
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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:
NA
Significant changes from previous project proposal 

NA
Publications based on the results of this project only
NA
c) New and Continuing Projects: Plans for 2016
Research Activities:
Expand time-series measurements to include benthopelagic community, a critical component of the deep-sea ecosystem, using backscatter data from the T-20 multibeam configured on the ROV Ricketts.  A proof-of-concept multibeam  data set from the mapping AUV at Smooth Ridge (~900 m depth) has already been processed by Kathy Dunlop using Echoview software in conjunction with the company engineers, Kelly Benoit-Bird, and Chad Waluk (Oregon State University). We propose to continue this collaboration to process future data sets from Sta. M to evaluate the role of benthopelagic fauna in the deep sea carbon cycle. [This is a research activity in the Pelagic-Benthic Coupling proposal (901113) and is included here to show a complementary activity between both projects]. 

Engineering/technology development:
Our goal is to conduct a scoping project that ultimately leads to the development of a generic AUV platform with modular construction so that a wide variety of instruments can be plugged into the basic design and could be used in a park-n-fly mode in any terrain to 4000 m depth with  up to year- long duration.
The ultimate configuration of the Park-n-Fly AUV would include the following:

1. Dorado AUV 

2. Rechargeable battery packs (Inspired Energy) with new shutdown feature

3. Downward-looking still camera and strobe system

4. Reson multibeam sonar to record water column backscatter biological targets from an altitude of about 30-50m.

5. Acoustic modem for communications to/from shore through the Wave Glider Hotspot

6. iUSBL for acoustic homing to a Homer beacon mounted to riser cable dock.

7. Mechanical latch to secure AUV to riser cable.  This is a passive latch, active (motorized) release. 
As a scoping project in 2016, we propose the following:
1. Conduct year-long immersion tests at Sta. M of a variety of abyssal rated (4000 – 6000 m depth) syntactic foam coupons from manufacturers. These foam coupons would be mounted on existing long-term instruments at Sta. M including the time-lapse camera tripod and SES to test for loss in buoyancy over a one-year period.

2. Bench test rechargeable battery packs (Inspired Energy) with a new shut-down/wake-up feature and confirm long-term storage energy estimates.
3. Mount Reson T-20 multibeam unit with INS on benthic sled of Ricketts to conduct initial backscatter surveys at Sta. M (see Research activity above). Mounting and testing of the T-20 will be conducted by the imaging group (Caress) and used during the canyon experiments in spring 2016 prior to our scheduled cruise in October. (Henthorn and McGill will be responsible for operating and collecting T-20 data during our October 2016 cruise).
Field programs (detail ship requirements/deployments/diver requirements)
Ship time to test Reson T-20 on Ricketts covered by 10-day WF cruise in October 2016 requested in Pelagic-Benthic Coupling proposal
Specific deliverables
1. Long-term (1 yr) field immersion test at Station M (4000 m depth) of sample syntactic samples.

2. Long-term (1 yr) lab test of lithium ion battery pack shut-down circuity.

3. Field test of T20 multibeam sonar mounted to Doc Ricketts at Station M to demonstrate its ability to image benthic megafauna

Milestones (see personnel classification list)
	2016 Project Start Date: 

01/01/16
	Milestone 1

	Milestone 2

	Milestone 3

	Milestone 4

	Milestone 5

	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	11/15 or 11/16
	3/16
	11/16
	11/16 or 11/17
	12/16
	

	Milestone Description
	Deploy foam test
	Start batt test
	Sonar test
	Analyze foam and battery test
	Analyze sonar data
	

	EE
	
	40
	20
	
	10
	70

	SE
	
	
	
	
	
	

	ME
	35
	
	20
	35
	10
	100

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	20
	
	
	20

	Machine Shop
	
	
	30
	
	
	30

	Divers
	
	
	
	
	
	


Budget justification
Syntactic Foam samples will be provided free by two different manufactures in exchange for test data.

(8) Inspired Energy Packs with new shut-down circuitry.  Eight packs are needed to fully populate the smallest of the battery banks.  $1125 (8@ $130)

Project team
Brett Hobson (30 hrs), another ME (70 hrs), Alana Sherman, Hans Thomas (consultant not to exceed 40 hrs), Crissy Huffard, Kathy Dunlop, Ken Smith
Project lab and office space requirements 

A small (0.1 m3) section of the cold room will be used for long-term battery tests
Data storage requirements (see Todd Ruston for assistance)
   [Click here to enter text]   
Data availability outside project team, uniqueness

Buoyancy loss of syntactic foam results will be shared with the manufactures of the foam.  Bio-acoustics data will be shared with Rockfish project collaborator Rick Starr and MLML.

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 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 http://sanctuarysimon.org/maps/sesa/. (Note: It may take a moment for the page to load, so please be patient. Also, if prompted for a login, hit “Cancel” and then you will be able to access page.) To determine if your work will occur in a SESA, specific coordinates can be entered using the locator function (click on the red "target" button in the toolbar at the top of the map). If your work will be conducted in one of these areas, please indicate which area, by number. 

None
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
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	Low
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� Development and infrastructure projects must complete the risk matrix (see item #5 at the 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 number should be the same number you entered on the resource requests for this particular resource.


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