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Project Manager
:

Brian Kieft
Principal Investigator:
Charlie Paull
Lead Scientist:


Bill Ussler
Lead Engineer:


   [Enter name here]   

Project Title:

Benthic Event Detectors (BEDs)
1) ABSTRACT (new projects only)
2) PROPOSAL
a) New Projects
Statement of the problem, why it is important
How does it relate/contribute to MBARI’s mission and strategic plan?
How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents3.htm#Packard for documents.)
Approach to the problem
Publications (from other projects over the last 5 years)

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
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2011 had 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. Meanwhile, the focus for 2012 had 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. Requirements definition and design work continued, however, and the design is mature enough to support a prototype deployment in 2012. Pertinent project documents are listed below: 
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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Significant changes from previous project proposal 

   [Click here to enter text]   
Publications based on the results of this project only
   [Click here to enter text]   
a) New and Continuing Projects: Plans for 2013
Research Activities
   [Click here to enter text]   
Engineering/technology development

Following a basic engineering test of the initial prototype at the end of 2012, 2013 engineering development will begin with refining our preliminary design. Two phases of prototypes will be scheduled- the first phase will attempt to bound the sediment debris flow events, and the second will focus on multiple instruments and streamlined data collection and visualization. Iterative design work and prototype testing will continue throughout the first half of 2013, culminating with a critical design review in the early part of Q3. This will allow for last minutes changes in design prior to a coordinated experiment in the fall of 2013. This experiment…. <TBD – Charlie?>
Local Instrument Offsets
To provide more resolution, when more than 2 BEDs are deployed, a regularization algorithm can be applied to travel times between each individual BED. 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 TBD shows simulated truth versus calculated positions for 4 BEDs. 
<Figure to be added here showing simulation>

AUV based survey for geo-location and data collection 
A Wave Glider
 with an integrated Benthos LF modem will be used to locate and collect data from the BED instruments. Since range data is also available, a BED can also effectively be surveyed in to provide a geographical location. 

 [image: image1.png]



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 schedule and weather. Additionally time on station is significantly longer with an AUV than with a ship offering engineering 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
. Cost sharing and Wave Glider time could be shared with the Distributed Autonomy (901010) project if a bulk leasing option were approved. Testing this technology on the BEDs units will also provide broader opportunities for remote communication with non-cabled undersea instruments. 
	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



Field programs (detail ship requirements/deployments/diver requirements)
Two prototype experiments will take place in Q1-Q2 of 2013. This will require 4 Rachel Carson days and the ROV to deploy/recovery the instruments. During these experiments, a Wave Glider will be used for location and data recovery from the BEDs in conjunction with boat based survey and data collection. 
In the fall of 2013 a coordinated experiment… TBD – talk to Charlie

The prototype location will be between 250m and 300m deep at 36.7908,-121.8346 (see fig. 4). 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. 
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Specific deliverables
1.) 3 functional BEDs
2.) Data from prototype experiments

3.) Data from AUV based survey

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

	Milestone Date
	
	
	
	
	
	

	Milestone Description
	Prototype Phase I
	Prototype Phase II
	CDR
	Final Deisgn
	Initial Coordinated Experiment
	

	EE
	200
	100
	80
	150
	80
	

	SE
	300
	250
	80
	150
	80
	

	ME
	80
	80
	80
	100
	80
	

	EE Tech
	80
	40
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	40
	80
	
	20
	
	

	Divers
	
	
	
	
	
	


Budget justification
	CATEGORY
	COST

	Sensors
	$500

	Interface boards and microcomputer interface
	$2,000

	Acoustic modem
	$8,000 

	
	

	Miscellaneous hardware and supplies
	$3,000

	
	

	Small Vessels (MLML) 40 hrs
	$1500

	Wave Glider Time (includes operator, L&R, data) 10 days*
	$15,000

	
	


* Note option to share bulk lease with other programs for further cost savings: 90 days shared for $60K
Project team
We propose that the core project team comprise Bill Ussler, Brian Kieft, Dale Graves, Bob Herlien, Denis Klimov, Larry Bird, Mike McCann, and Charlie Paull. Additionally time may be required of Alana Sherman for ROV operation aboard the Donna Kathleen. 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. 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.

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.

Project lab space
We are currently using the West end of the center bench (including shelves, drawers, and bench top) in lab 244. This space or one of similar size is preferred. Most of the team resides in building A so a lab space in that building is preferred as well.  

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
	
	
	
	

	Low
	
	
	
	


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

Figure � SEQ Figure \* ARABIC �1�.  Pressures housing design





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 4. 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.





� 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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