2013 Proposal Process – Internal-Only Projects

Submission Deadlines: Phase I – August 2nd, Phase II – September 6th

	Project Number:
	901006


	Project Start: Jan. 1,
	2012
	Project Duration (in years):
	2


Please indicate what type of project is being proposed (mark only one).
	
	
	
	
	X
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	

	Feasibility/Scoping

[Less than 100 days effort]
	Development

	Research
	Infrastructure1
	Education

	
	
	
	
	
	
	
	
	

	
	
	
	
	

	
	Time Series
	Institute Initiative
	
	


Project Manager
:

Brian Kieft
Principal Investigator:
Charlie Paull
Lead Scientist:


Bill Ussler

Project Title:

Benthic Event Detectors (BEDs)
1) ABSTRACT (new projects only)

2) PROPOSAL
a) 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
The initial phase of the BEDs project primarily focused on investigating through-sediment acoustic communications. Acoustic communication design work concluded in 2012 with a two-day meeting at Vryhof Anchors in March. Vryhof has successfully communicated with the same modem used on a BED 13 meters beneath the sediment. Discussions on their techniques gave the team a greater degree of confidence that our designed communications channel would be successful. Subsequently, the focus in 2012 turned towards designing an instrument that can provide adequate scientific data about the motion of sediment debris flows. Deployment duration, debris flow event detection, and package size and balance were all driving requirements in the initial design. The long awaited Invensense IMU sensor package has also come to market and we believe the slight delay was worth the wait as this sensor incorporates a great deal of functionality off the shelf that would otherwise have been designed in house. The delay pushed the preliminary design review from the end of 2011 to Q2 of 2012. As the PDR went well, and we feel that the design is mature enough to support a prototype deployment in 2012. Pertinent project documents are listed below: 
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Project Documentation:
System Development Lifecycle Document (including requirements):
\\TORNADO\ProjectLibrary\901006.BEDS\BEDS.Documents\Requirements\BEDs_SDLC_rev_2.0.doc
Project WBS/Schedule:
\\TORNADO\ProjectLibrary\901006.BEDS\BEDS.Documents\Project.Schedule\2012\BEDs_schedule_2012.pdf
Energy Budget:
\\TORNADO\ProjectLibrary\901006.BEDS\BEDS.Documents\Spreadsheets\ EnergyBudgetv2.3-Electrochem14cells.xls
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Currently a full system design exists and efforts to begin fabrication and implementation are underway. All major components are identified and procurement for long lead items is also underway. Electrical and software have time allocated this fall to finish the two prototypes as early as December 2012. 
Significant changes from previous project proposal 

None
Publications based on the results of this project only
None
a) New and Continuing Projects: Plans for 2013
Research Activities
Coordinated Canyon Studies: 

 A large multi-institution and international program to further document and understand the sediment transport processes occurring within the axis of Monterey Canyon (target dates 2014-2015) is being planned. The BEDs developed within this project are intended to play a major role in this experiment. Being prepared for this experiment is the key science goal. 
Our vision is to collect as much information on sediment transport events as possible by deploying multiple sensors simultaneously during a discrete period of time, perhaps during an 18-month period over two winter seasons. These deployments may be anchored by a MOOS-like mooring at ~1,800 m, depth but would also include other instruments distributed along the canyon axis from the canyon's head out to 1,800 m and perhaps beyond. These instruments will include current meters, sediment traps, ~10 STEDS, McStar, multiple BEDs, Acoustic Monuments, seismometers and other instruments collaborators may contribute. Repeat AUV mapping of the canyon floor and contingency plans for event response cruises are also envisioned. The intention is to incorporate a modeling component into this program from the start, both in the planning of the deployment configurations and in the post-experiment analysis.  
Efforts are underway to obtain funding from sources beyond MBARI. A core group of collaborators in the UK has emerged, who embrace playing a large role in such an international community experiment. They are already working on modeling efforts. A proposal was submitted to NERC in the UK last fall. While the NERC proposal reviewed well, it was unsuccessful. However, the concept of conducting these experiments in Monterey Canyon, teaming with MBARI, and utilizing the tools we have developed for this experiment was especially well received. The reviewers recognized that MBARI has already made huge initial investments in this experiment and by teaming with us they have the opportunity to participate in the ultimate objective, which is achieved through obtaining the scientific data. Thus, we anticipate another submission to NERC in the fall, which would allow that funding to be in hand before MBARI’s 2014 proposal cycle. Discussions within the USGS are also underway to participate in this joint experiment. 
Engineering/technology development
Field testing
Our primary goal in 2013 is to conduct field tests on the existing prototype design. Two phases of field-testing will be conducted. The first will be to validate basic communications and function at depth. The second will evaluate the performance of the BEDs on the canyon floor and hopefully collect data on sediment movements. 

Ideally we will conduct the first field test in December, 2012. This is envisioned as a simple deployment from a small Moss Landing boat (i.e., R/V John Martin). For this test, a BED prototype will be lowered to the seafloor on a very simple crab pot-like mooring. Once on the seafloor, communications will be tested with a dunking transducer. This will also enable other basic functions to be tested (range, data recovery rates, sensor function, etc.). Funds to conduct this are in the 2012 project budget. At the end of the day this BED will be recovered.
Pending a successful initial engineering test, we plan to deploy 4 BED instruments in the canyon floor outlined in the field program section of this proposal. We hope to conduct at least part of this field test before the 2014 MBARI proposal cycle, leaving time to request resources if needed to refine the design before the proposed international Coordinated Canyon experiment in 2014-2015.

A critical design review is planned in Q3 in preparation for the aforementioned coordinated canyon study taking place in 2014-2015. 

AUV based survey for geo-location and data collection 
We are planning to evaluate the utility of using a Wave Glider (instead of a surface ship) as a communications gateway for BEDs. A Wave Glider
 with an integrated Benthos LF modem can, in principle, be used to locate the BEDs, conduct detailed surveys of their position, download data from the BED instruments, and reconfigure the instruments.
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An AUV based acoustic gateway offers many advantages over traditional ship based acoustic surveys and data collection. While the most obvious advantage is cost (Table 1), other advantages include flexibility in scheduling and less dependence on weather conditions. Additionally time on station is significantly longer with an AUV than with a ship offering flexibility during prototype testing by allowing engineers on shore to communicate directly with the BEDs. This method of location, survey, and data collection has been used on multiple systems including the Autonomously Deployed Deep-Ocean Seismic System
. Wave Glider time could be shared with the Distributed Autonomy (901010) project if a bulk leasing option were approved, which will reduce unit costs. 
	Platform
	Cost /Day

	R/V Western Flyer
	$29.2K

	R/V Rachel Carson
	$12.1K

	R/V Zephyr
	$5.8K

	R/V John H. Martin
	$3.1K

	Donna Kathleen
	$3.1K

	Wave Glider AUV*
	$1.5K

	Wave Glider Bulk Leasing option*
	$667



Relative Instrument Positioning
In 2013, we would also like to consider the feasibility of adding a refinement that would provide data on the relative motion between each individual BED instrument. This would involve applying a regularization algorithm to calculate changes in travel times between each individual BED (e.g., BED to BED travel time). This will provide data on relative motion between the instruments and will be measured at a much higher frequency than a boat or AUV based survey. A simulation was created showing the proposed path of 4 BEDs following a stagnation point flow algorithm. Travel times were computed between the BEDs and noise was added to the unknown – sound speed. Figure 4 shows simulated truth versus calculated positions for 4 BEDs. This was a suggestion brought up at the PDR and it utilizes the acoustic modems that are already powered at a regular interval. Some additional software will be necessary, but no additional hardware. 
<Figure to be added here showing simulation>

Field programs (detail ship requirements/deployments/diver requirements)
Our field test plan requires four days of Carson/Ventana time. This starts with two back-to-back days in April and one further day nominally in June before the 2014 MBARI proposal cycle. The fourth day would be in the fall.
On the first Carson day we plan on using the Ventana to deploy 4 BEDs on the Canyon floor about 25 m apart. The deployment location for the 2013 deployment will be between 250m and 300m deep at 36.7908,-121.8346 (Fig. 5). This location offers an environment that is known to have frequent sediment debris flows and is also within 4km of Moss Landing for ease of access. We will then spend the rest of the day surveying them using multiple location techniques and verifying data communication. 
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For clarity, the BEDS prototype carries two acoustic communications systems. One is simply a Sonardyne transponder, which is essentially the same transponder as the Homer Pro beacons. Experience with the Ventana/Pt. Lobos shows that these transponders can be used to detect and provide range and bearings to help find objects on the seafloor. Experience also shows that by collecting data from ~1,000 pings while conducting figure-8 surveys from the Pt. Lobos over the location of the transponder, the position of the beacon can be determined to an accuracy of less than a one meter.  The other communication system carried on the BEDs is an acoustic modem. Range data from the modem can also be used to both locate and accurately determine the location of the BED. The modem is also used to download the motion data from the BED and to interface with the instrument for configuration. 
Our tests will include:
 (1) Determining if the Ventana – BEDs communication is adequate for locating the BEDs, confirm ability to locate BEDs using the ROV and Sonardyne transponder, and determine if data transfer via the ROV is possible (we anticipate the ROV will be too noisy, but this is an opportunity to verify this).  
(2) Confirm ability to locate BEDs from the Carson and survey in their locations using the modem in the BEDs.
(3) Validate that the Sonardyne transponder communications will work as on the Carson it did on with the Pt. Lobos and survey in their locations using the transponder in the BEDs.
(4) Validate the ability to transfer data and download data associated with deployments. 
(5) Compare the location capabilities from both sensors. 
On the second back-to-back day we will repeat all the localization tests to replicate the ability to determine the baseline position. Thus, it is critical that these occur on consecutive days. This is also an opportunity to evaluate the thresholds settings for the motion sensors on the BEDs.  

The third Carson day will ideally be in June. This will include resurveying the BEDs position and downloading motion data. Regardless of whether motion has been detected, a Ventana dive will be conducted to determine if the BEDs are still visible on the surface. The configuration settings on BEDs may be modified at this time.  

The fourth Carson day will ideally be in the fall. This will be used to establish whether the BEDs have moved and to extract data on movements if they have occurred. This may provide the data on the motions that occur within a debris flow on the canyon floor.  An effort will be made to recover the BEDs, if they are still on the surface, which is required by MBNMS.  However, we will also be able to use the Sonardyne transponders to determine how deeply they are buried. 
The field-testing will be augmented with monitoring using the Wave Glider. The concept is to have a Wave Glided also locate and survey the positions of the BEDs shortly after they are deployed in April.  This timing works well as this is also the time when Distributed Autonomy (901010) is hoping to lease a Wave Glider to participate in a CANON experiment. Testing this technology on the BEDs units will also provide valuable experience in using remote communication with non-cabled undersea instruments. 
Communications with the BEDs can also be done from small boats.  We intend to use the small boats from Moss Landing to locate the BEDs, survey in their positions, and download data. We will be especially interested in doing this following conditions (high seas or earthquakes) that might have stimulated an event in the canyon floor in 2013. Small boats rental provide flexibility in the schedule and rapid response capability. However, gaining experience with this approach before the 2014-2015 experiment will also be important. 

When 4 BEDS are deployed, we will have 2 onshore, one as a spare and one for continued testing.  Having 4 units deployed also adds to the accuracy of relative positioning.
Specific deliverables
1.) 6 functional BEDs
2.) Data from prototype experiments

Milestones (see last page for personnel classification list)
	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	Q1
	April
	Q3
	Q4
	
	

	Milestone Description
	Finish 5 additional BEDs for a total of 6
	Prototype Phase II Testing
	CDR
	Final Design
	
	

	EE
	200
	180
	80
	180
	
	

	SE
	400
	330
	180
	200
	
	

	ME
	80
	100
	80
	100
	
	

	EE Tech
	100
	40
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	275
	
	
	
	
	

	Divers
	
	
	
	
	
	


Budget justification
Our plan is to proceed toward fabricating 6 BEDS, one to be completed as soon as December  2012. We now have confidence that the cost of materials to build and individual BEDS (in units of 6-9) is less than $15,000. The funds for building 6 BEDS exist in the remaining 2012 budget. Most of the components and the housings can be acquired and fabricated either this fall or by carrying funds into early next year.

	CATEGORY
	COST

	Wave Glider Time (shared with autonomy – 15 days)*
	$10,000

	Towbody rental including Benthos acoustic modems
	$6,675

	MLML Small boat time (70 hours)
	$3,500

	Software licensing including BSD ContactGeo
	$2,100

	Sensor Management Computer (SMC) for Wave Glider development**
	$3,600

	Smart Payload Dry Box for Wave Glider**
	$5,500


* Note option to share bulk lease with other programs for cost savings: 90 days shared for $60K. Price without bulk cost sharing is estimated to be $22,500
** Future development projects can make use of this equipment on a Wave Glider if desired

Project team
We propose that the core project team comprise Bill Ussler (lead scientist), Brian Kieft (PM), Dale Graves (ME), Bob Herlien(SE), Denis Klimov or Alana Sherman (EE), Larry Bird(ME), Mike McCann (SE specializing in VRML visualization task only), Esther Sumner (Post Doc), and Charlie Paull (PI). Additionally time may be required of Alana Sherman for ROV operation aboard the Donna Kathleen as a contingency. This would total up to 80 hours depending on mobilization needs. 
Bill Ussler’s time is crucial to the success of the project due to his expertise in submarine debris flow dynamics and the development of its sensor. His time will be spent on data analysis and ensuring that we are meeting the science and sensing requirements in order to adequately capture a submarine debris flow event. We propose 120 hours of his time be used in this capacity.

Esther Sumner will be starting as a post-doc in October 2012. She has done a PhD dissertation on the deposits produced by submarine flows. We anticipate she will be heavily involved with the BEDS experiment. 

We also request Mike McCann’s time for the development of shore side data visualization of the instrument. In 2011 Mike provided the team with a minimal set of tools to begin working on VRML 3D visualization. Since both orientation and position are vital in understanding the dynamics of these debris flows, we feel that this approach is the most powerful in allowing stakeholders to understand what is happening beneath the surface. This work is estimated to be 100 hours.
Project lab space
We are currently using the West end of the center bench (including shelves, drawers, and bench top) in lab 244 for fabrication effort. The deployment efforts will be staged out of the Canyon Dynamics (lab B124).
Data availability outside project team, uniqueness

To our knowledge there are no devices that exist which can measure the movement of submarine sediments down submarine canyons. Development of the BED concept would enable other investigators worldwide to deploy comparable devices to monitor and measure sediment movement down submarine canyons. With a dataset more comprehensive that what can be obtained from Monterey Canyon, a more robust understanding of submarine canyon processes will be obtained. What we learn in Monterey Canyon can be extrapolated to other submarine canyon systems in the world for both the development of second generation monitoring systems and for interpreting observations and data from the canyon systems.
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
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	
	X

	Low
	
	X
	X
	


Personnel Classifications

	Engineer - 

Mechanical Engineer
	Engineer - 

Electrical Engineer
	Engineer - 

Software Engineer 
	Engineer - 

Mechanical  Tech
	Engineer - 

Electrical Tech
	Engineer - 

Software Tech 
	Observ Support Technician 
	Science – 

Software Engineer

	(Reg)
	(Reg)
	(Reg)
	(Reg)
	(Reg)
	(Reg)
	(Reg)
	(Reg)

	Jim Birch (2/3)
	Mark Chaffey
	 Dave Caress 
	John Ferreira
	Paul Coenen 
	Karen S
	Mike Kelley
	Mike Godin

	Larry Bird
	Scott Jensen
	 Danelle Cline
	Frank Flores
	Tom Marion
	
	Jared Figurski
	Frederic Py

	Francois Cazenave 
	Chad Kecy
	 Duane Edgington(2/3)
	Mike Parker
	Jim Montgomery
	
	
	

	Jon Erickson
	Denis Klimov
	 Kevin Gomes (2/3)
	Jim Schofield
	Jose Rosal
	
	 
	

	Dale Graves (2/3)
	Paul McGill
	 Kent Headley (2/3)
	
	
	
	 
	 

	Andy Hamilton (2/3)
	Ed Mellinger
	Rich Henthorn 
	
	
	
	 
	Science – 

Mechanical Engineer

	Brett Hobson
	Craig Okuda
	Bob Herlien
	
	 
	 
	 
	(Reg)

	Bill Kirkwood
	Alana Sherman
	 Brian Kieft
	
	 
	 
	 
	Gene Massion 

	Doug Pargett
	
	Thom Maughan 
	
	 
	 
	 
	 

	Farley Shane
	
	Mike McCann
	
	 
	 
	 
	 

	
	
	Rob McEwen
	
	 
	 
	 
	 

	
	
	Tom O’Reilly
	
	
	
	
	

	
	
	Wayne Radochonski
	
	 
	 
	 
	 

	
	
	Mike Risi
	
	 
	 
	 
	 

	
	
	Brent Roman
	
	
	
	
	

	
	
	Carlos Rueda-Velasquez
	
	
	
	
	

	
	
	Brian Schlining
	
	
	
	
	

	
	
	Rich Schramm
	
	
	
	
	

	
	
	
	
	
	
	
	


Appendix A: BED Datasheet
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Figure 2.  Ballast/trim collar around pressure housing 
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Figure 3. Wave Glider with Benthos acoustic modem tow body 





Table 1. Comparison of ship and Wave Glider AUV operations cost


*  Note: cost includes operators, launch/recovery, and satellite data transfer 





Figure 5. From left to right: black dot 300 m site, colored dots previously deployed monuments site, and black dot 250m site.





General Specifications


Weight: 50lb (23 kg)


Dimensions:  15” (0.38m) sphere 


Displacement: 0.58 cu.ft (16L)


Operating temperature: -10 to +50C


Transportation temperature: -20 to 80C


Max operation depth:  500m


Motion detection performance


Gyro resolution: 0.062 deg/sec


Gyro full range:  +/- 2000 deg/sec (5.5 turns/sec)


Linear acceleration resolution:  0.5 mg (0.005 m/s2) 


Linear acceleration full range:  +/-16 g  (+/-157 m/s2)


Depth resolution: 0.03m (at 14bit ADC)


Depth accuracy: ~ 0.2%span or 1m 


Depth full range: 500m


Battery and electrical: 


Pack configuration: Electrochem CSC93, 7s2p 


DC load discharge range: 27.5 to 17.5 VDC


Pulse load discharge range: 17.5 to 13.5V at 4A peak 


Acoustic link performance: 


Max range: 2-3km (horizontal range in water)


Operating range when buried: TBD


Frequency bands: 9–14 kHz (LF)


Baud rate: 300-10240 bps


Deployment performance:


Max length of deployment  at Event Duration Transmitted:


500 days at 0 hours


400 days at 0.5 hours


300 days at 1.0 hours


200 days at 1.5 hours


100 days at 2.0 hours





Preliminary specifications of the BEDs system. BEDs deployable unit consists of cylindrical housing containing battery pack, electronics, acoustic modem, and emergency transponders; enclosed into hydro dynamically shaped flotation sphere foam pack, equipped with UHMW end caps allowing acoustic communication. 








� 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.





�Lets remember to add it.





� The Wave Glider: A persistent platform for ocean science, OCEANS 2010 IEEE - Sydney, URL: � HYPERLINK "http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5603614&isnumber=5603506" �http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5603614&isnumber=5603506�





� Scripps Institution of Oceanography, 2011 Earth Section Annual Report, pp. 5-6, from Scripps Institution of Oceanography web site, � HYPERLINK "http://sio.ucsd.edu/img/AR_earth_2011.pdf" �http://sio.ucsd.edu/img/AR_earth_2011.pdf�
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