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WaveGlider Feasibility and Support Engineering 2015
1) ABSTRACT (new projects only)
2) PROPOSAL
a) New Projects
   [Click here to enter text]   
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.)
   [Click here to enter text]   
Approach to the problem
Publications (from other projects over the last 5 years)

N/A
b) Continuing Projects

Current status of project and results to date
The academic lease of the SV2 Waveglider Tex ended on Feb 28, 2014 and Tex was returned to Liquid Robotics at 5:30pm on 28 Feb 2014 after performing a last mission to Station M to provide over the horizon communications to the Benthic Rover deployed 169 miles from MBARI at approx.. 4000m.   

Iridium SBD account setup with AST and Iridium RUDICS with Joubeh.

SV3 purchase agreement in July, delivery originally planned in mid-Oct
Operating costs vs Support Engineering costs

Spares, props

Piloting vs feasibility of not piloting

Waveglider

The software development environment for the Waveglider sensor management computer (SMC) was setup in Brian Kieft and Tom O’Reilly’s office and waveglider project development is going well.   We were able to leverage a number of instrument and modem software drivers from Liquid Robotics which saved weeks of software development effort writing drivers.  By June we were also getting improved support from Liquid Robotics.
The HotSpot team achieved their objectives and the BEDs team was hitting their milestones.   The Distributed Autonomy team changed their plans on the Waveglider to the latter half of 2013.    We also have further BEDS development and preparations are underway to participate in Fall CANON.  After CANON will be use by Distributed Autonomy.
Liquid Robotics offered deep discounts on the newer SV3 vehicle if the purchase was made by July 20, 2013.   A trade study was put together looking at the options for lease vs buy, SV2 vs SV3 and the MBARI management team decided to purchase the SV3 for $175K + tax for delivery by 31 Dec 2013.

The 2013 Waveglider project was commissioned as a feasibility study to capture cost of operations for a Waveglider.   There has been a ‘learning of lessons’, struggles working with a young company, but we’ve gotten through it and are finding the value in the vehicle.   The SV3 purchase trade study was informed by the cost capture from the feasibility study and it is considered a success in that the new vehicle was purchased after examining the lessons learned and pros and cons.

Significant changes from previous project proposal 
Plans for 2014 will be for operating the leased SV2 waveglider until 28 Feb 2014 while outfitting the SV3 waveglider in Jan/Feb and putting it into operation in Mar 2014.
Project requests for the Waveglider has increased.   Projects asking for time in 2014 (total is 257 days):
· 901010 Distributed Autonomy:  (60 days)
· 901009 CANON campaign experiments and development: (50 days)
· 901009 CANON Fluorometer, pC02 and pH time series: (50 days)
· These days will typically be shared use and the Waveglider will be tasked for science when not on a project mission or between missions (on the weekend, etc.)
· Communications HotSpot (wifi + acoustic):   (20 days)
· 901006 BEDs: 15 days 
· 1 day per week, prior to 1 Oct 2014
· 901023 Continental Margins: (10 days)
· After 1 Oct 2014
· 901113 Benthic Pelagic Coupling (15 days)
· SV2 towing LRAUV to station M in February
· 901107 SCPI (5 Days)
· 901400  LRAUV  (12 days):
· 2 days of dedicated to LRAUV towing / hot-spot testing early in the year
· 5 days of shared use during the Spring EcoHAB experiment
· 5 Days of shared use during the fall EcoHAB experiment
· 901310 WG support team (new vehicle shakeout, integration testing, TM, PC)  20 days
The approach taken for the Waveglider is to combine capabilities across projects where possible and to minimize launch/recovery operations and to change operational modes to satisfy project needs.   An example of this is to launch the waveglider, have it perform coordinated robot operations for the Distributed Autonomy project, change navigation for a day to search for the BEDS, then task it over the weekend for CANON Monterey Bay time series (science instrument measurements).
It is assumed the CANON experiment will be in March 2014 in southern California and we will be participating with the SV3 with at minimum a fluorometer integrated.  Budget will be in place to ship the vehicle to southern California and to rent a boat for launch and recovery.

For budget purposes, we are figuring ~20% shared operations where a given day is accomplishing the needs of two projects.   For the 257 days requested, we are planning for 210 days at sea (includes weekends) in for the purpose of calculating the Iridium and Piloting budget needs.   This is higher than the original 150 day forecast from the trade study done in June/July to inform the SV3 purchase as we’ve had greater project demand for the Waveglider during the phase 1 proposal process.
Lab space for the leased SV2 vehicle has been in a storage container loaned for 2013 by the mini ROV project.   The newer SV3 vehicle is larger and will require a bigger storage container and as well we are requesting some funds to make a proper lab space for the new vehicle.   A 10x20 size storage container is being budgeted with workbench and shelves.

Since the SV3 is a new vehicle we anticipate some challenges and problems and have requested budget to cover costs based on our experience with the SV2 in 2013.

Publications based on the results of this project only
N/A
a) New and Continuing Projects: Plans for 2014
Research Activities
Waveglider ‘Customer’ Project Details:

· 901010 Distributed Autonomy:  (60 days)
· Wave Glider shore-based navigation and control
· Wave Glider navigation for communication path optimization

· Wave Glider following another mobile asset or water feature (sensor or remote sensing data)
· 901009 CANON campaign experiments and development: (50 days)
· Spring CANON, SoCal ECOHAB

· Fall CANON

· Using acoustic modems to track lagrangian floats, track other underwater assets (TBD)
· 901009 CANON Fluorometer, pC02 and pH time series: (50 days)
· Monterey Bay time seriesm running a pattern likely in the Northern Bay per Chavez et al
· 901411 Communications HotSpot (wifi + acoustic):   (20 days)
· Wifi, cellular, satellite and acoustic communications and inter-operation with AUVs
· 901006 BEDs: 15 days 

· 1 day per week, prior to 1 Oct 2014 using acoustic modem to look for and help locate BEDs
· 901023 Continental Margins: (10 days)

· After 1 Oct 2014, participate in Charlie Paull Monterey Canyon experiment
· 901113 Benthic Pelagic Coupling (15 days)

· SV2 towing LRAUV to station M in February

· 901107 SCPI (5 Days)
· Towing the self contained plankton imager from the Waveglider
· 901400  LRAUV  (12 days):

· 2 days of dedicated tow/hot-spot testing early in the year

· 5 days of shared use during the Spring EcoHAB experiment

· 5 Days of shared use during the fall EcoHAB experiment

· 901310 WG support team TM, PC)  20 days
· new vehicle shakeout, 
· integration testing

· RUDICS shoreside infrastructure implementation
Engineering/technology development

Areas of development: Instrument integration, tow body modification, power management of acoustic devices, communications, remote access,  robotics control, decision support, shore based control, shore-side data ingest, AUV towing, time permitting we would like to also experiment with fish tag retrieval.
We anticipate purchasing payload box ‘shims’ so that we can utilize our existing payload boxes.   Per Liquid Robotics, we will need to build an adapter for our existing towbody to use it on the new SV3 vehicle and we are forecasting the need to modify the towbody to accept more payloads.
Piloting fees for monitoring the vehicle 24/7 by Liquid Robotics are $250 / day.   We will explore with the ODSS team options for automated monitoring, however, doing this at the level of service and expertise provided by Liquid Robotics is a major software resource request not in the proposal.
We will be working on the MBARI infrastructure for managing Iridium RUDICS modems.

Field programs (detail ship requirements/deployments/diver requirements)
The SV2 and SV3 Wavegliders are planned to be launched and recovered from the Paragon for operations in the Monterey Bay area.   If the Paragon is out of service, there is not budget requested for launch / recovery, this would be processed as an MTeam request for funds, ideally by the Paragon project.
Twenty launch / recovery operations are forecasted for the labor estimate.   We anticipate 40 half days (mornings) use of the Paragon.   We plan to include Mike Kelley of DMO as a member of the launch and recovery crew and to help ramp him up on Waveglider.   We also plan to train some of the Rachel Carson crew on launch and recovery to manage the risk in the event the Rachel Carson is needed for an ‘emergency’ recovery vehicle.
For Southern California operations, the Waveglider, boat rental for launch/recovery/intervention will be in the project budget since the SV3 will be new and the risk/return for swimming the SV3 to SoCal is too high until we have more operation time.
Specific deliverables
Wave Glider deployment and instrument integration support for the field programs listed above.   Waveglider support team will assist with electrical and mechanical integration, provide support for the software environment, project teams need to provide resources to create the project specific applications running on the SMC.   Support will be provided for gaining access to the data stored in WGMS (Liquid Robotics Waveglider web-based management system)
Milestones (see last page for personnel classification list)
One software engineer from Support Engineering (Thom Maughan)
	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	Outfitting SV3
	CANON
	BEDS
	Other
	Dist Aut
	

	Milestone Description
	Outfitting new vehicle with sensors and payloads, RUDICS, SMC SW, Storage build
	So Cal ECOHAB
	BEDS and Continental

Margins

support
	SCPI
LRAUV 

Benthic Pel
	Two Waveglider distributed autonomy tests
	

	EE
	
	
	
	
	
	

	SE
	160
	40
	40
	60
	80
	380

	ME
	
	
	
	
	
	

	EE Tech
	160
	40
	40
	80
	40
	360

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	

	Divers/Snorkler
	
	
	
	
	
	


Budget justification
· SV3 Purchase 7/20/2013  $189.5K
· Purchased with 2013 Discretionary funds (not included in 2014 budget)
· Storage and Lab Space (parking lot) $7K
· Storage container purchase
· Outfitting storage container with work bench, shelves, etc.
· GPCTD/DO + tax $35K
· Towbody adapter $5k
· Est. $25K Misc Electronics and Mechanical (connectors, cabling, payload box integration adapters, electronics, spares, maintenance, new form factor payload box, etc.)
· Iridium SBD (210 days @ 95/day) $20K
· Iridium RUDICS $7K

· Liquid Robotics Piloting fees (210 days @ $250/day)  $52.5K
· Southern Cal transportation and small boat rental ($4k)
· Insurance $9k (estimate) ($350K replacement cost with $50K deductible).   Not included in project.
Budget Total:  $164.5K
	Description
	2013
	2014

	SV3 Purchase 7/20/2013  
· Purchased with 2013 Discretionary funds 7/20/2013 (not included in 2014 budget)

	$189.5K
	

	Storage and Lab Space (parking lot) 

· Storage container purchase

· outfitting storage container with work bench, shelves, electrical, etc.

	
	$7K

	Pumped CTD, Dissolved Oxygen, housing, plumbing (GPCTD/DO from Liquid Robotics) + tax 

	
	$35K

	Towbody adapter

	
	$5K

	Misc Electronics and Mechanical 
Connectors (1K)

Cabling (3K)

payload box integration adapters (2K)

integration electronics (4.5K)

development spares (5K)

maintenance  (3K)

new form factor payload box (6K)

tb dry box modifications (3K)

launch and recovery gear maintenance (1K)

	
	$28.5K

	Iridium SBD (210 days @ 95/day) 


	
	$20K

	Iridium RUDICS 


	
	$7K

	Liquid Robotics Piloting fees (210 days @ $250/day)  


	
	$52.5K

	Southern Cal transportation and small boat rental ($4k) + hotel and food for Waveglider tender 12 days ($2500)

	
	$6.5k

	Insurance $9k (estimate) ($350K replacement cost with $50K deductible).   
· This may be included in Mike Pinto’s insurance budget

	
	$9K

	Total
	$189.5K
	$170.5K


Project team
Thom Maughan, SE
Paul Coenen, EE-Tech
Note: for launch and recovery we typically have 4 crew on the Paragon.  We are utilizing project teams for the additional crew and will be working with Mike Kelley of DMO to help bring him up to speed on the waveglider.   Launch or recovery takes approx.. 5 hrs for prep, transit, recovery, transit, demob using the Paragon.
Project lab space

10x20 Storage container by the rollup doors on the north side of Building B (in same spot as 2013 storage)
Data availability outside project team, uniqueness

Waveglider data has been integrated with CANON ODSS using Liquid Robotics Fetch mechanism.  This assumes the CANON ODSS team has resourced the maintenance effort for changes in the data structure.
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

ITAR application was amended for possible work with Benthos DAT modem in the towbody per the Bellingham Lab and CANON group in 2013.   This may need to be renewed in 2014.
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.

In the case of Benthos DAT Modem integration, will restrict the WaveGlider operating area and personnel access will be controlled.   
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	X
	X
	X

	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
	

	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
	
	
	
	
	

	
	
	
	
	
	
	
	


Expense Report for Project 901310 - Wave Glider Feasibility

Account = 5080: Insurance

	Description
	Expedition?
	Prepurchase?
	Participant/Traveler
	Entry By
	Amount

	Insurance on SV3 waveglider, 350K replacement cost, 50k deductible, includes coverage during transport to SoCal
	 
	 
	
	Maughan, Thom
	$9,000

	Total
	$9,000


Account = 5120: Outside Srvc - External Ship Time

	Description
	Expedition?
	Prepurchase?
	Participant/Traveler
	Entry By
	Amount

	Ship rental for Southern California launch and recovery during CANON ECOHAB
	[image: image1.png]



	 
	
	Maughan, Thom
	$3,000

	Total
	$3,000


Account = 5130: Outside Srvc - General

	Description
	Expedition?
	Prepurchase?
	Participant/Traveler
	Entry By
	Amount

	Liquid Robotics Piloting fees at $250/day
	 
	 
	
	Maughan, Thom
	$52,500

	Total
	$52,500


Account = 5330: Supplies - Non-Capitalized Equipment

	Description
	Expedition?
	Prepurchase?
	Participant/Traveler
	Entry By
	Amount

	Connectors, cabling, payload box, payload box integration hardware, development spares, electronics fab, maintenance parts and gear
	 
	 
	
	Maughan, Thom
	$28,500

	Towbody adapter (SV2 to SV3)
	 
	 
	
	Maughan, Thom
	$5,000

	Pumped CTD with Dissolved Oxygen instrument, housing, plumbing (GPCTD/DO from Liquid Robotics) + tax 
	 
	 
	
	Maughan, Thom
	$35,000

	Total
	$68,500


Account = 5360: Supplies - General

	Description
	Expedition?
	Prepurchase?
	Participant/Traveler
	Entry By
	Amount

	Storage container and outfitting with workbench, shelves, etc. for Waveglider storage and lab space
	 
	 
	
	Maughan, Thom
	$7,000

	Total
	$7,000


Account = 5420: Telephone / Data Comm

	Description
	Expedition?
	Prepurchase?
	Participant/Traveler
	Entry By
	Amount

	Iridium SBD and RUDICS for 210 days at sea
	 
	 
	
	Maughan, Thom
	$27,000

	Total
	$27,000


Account = 5500: Travel - Domestic

	Description
	Expedition?
	Prepurchase?
	Participant/Traveler
	Entry By
	Amount

	Travel with SV3 waveglider in truck and housing to SoCal
	 
	 
	Paul Coenen
	Maughan, Thom
	$3,500

	Total
	$3,500


Grand Total: $170,500

Labor Report for Project 901310 - Wave Glider Feasibility

Position = 270: ENG-Electrical Tech

	Funding
	Entry By
	Hours

	Packard
	Maughan, Thom
	360.0

	Total
	360.0


Position = 350: ENG-Software Engineer

	Funding
	Entry By
	Hours

	Packard
	Maughan, Thom
	380.0

	Total
	380.0


Grand Total: 740.0

	

	Ship Report for Project 901310 - Wave Glider Feasibility

Key = 583

ProjectID

ProjectName

FundingSourceID

FundingSourceName

PlatformName

Days

TransitDays

Notes

UserName

901310

Wave Glider Feasibility

MBARI

MBARI

Paragon

40

40

We anticipate 20 launch and recovery cycles, requiring 40 half days (in the morning). We require the davit and supporting gear.

Maughan, Thom

Grand Total: 40 half days (morning)


� 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.
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