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:

Brian Kieft
Principal Investigator:
Charlie Paull

Project Title:
Benthic Event Detectors (BEDs)
1) ABSTRACT (new projects only)
N/A

2) PROPOSAL
a) New Projects

Statement of the problem, why it is important

N/A

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

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.)
N/A

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

(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)
N/A

Approach to the problem
N/A

Publications (from other projects over the last 5 years)

N/A

b) Continuing Projects

[image: image2.jpg]


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
[image: image3.jpg]


In last year’s proposal, the team highlighted the initial deployment of prototype BED #1 and the initial canyon event that it recorded in June of 2013. Since that time, at least one prototype BED instrument has been present continuously in the canyon to monitor for events. A total of three events have occurred since the spring of 2013. 
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Further developments of the Paragon, the Waveglider, and the BED itself have enabled a more efficient [image: image5.jpg]


workflow for geolocating and retrieving data from the instruments. The Paragon has been outfitted with an acoustic pole designed to accommodate a wide range of instruments. The BEDs team has been the primary user of the pole thus far, having used it in conjunction with two different USBL systems. The pole has also been used for validation tests of ADCPs associated with the LRAUV program and can also accommodate acoustic modems. Further refinement on the Waveglider took a somewhat simpler approach than what was proposed for 2014. Rather than integrating the acoustic modem in the towbody, it was placed into a custom built and faired skeg. This configuration has provided comparable acoustic communications quality to that achieved by dunking a transducer from the Paragon. Finally, the BED firmware has been improved to allow more efficient user or Waveglider interaction. Despite success transferring an entire event to shore via the waveglider, additional work is needed on the data transfer algorithm in preparation for the 2015 initiation of the Coordinated Canyon Experiment (outlined in MBARI project proposal 901023). A more robust interface is required in order to support data retrieval when there are multiple BEDs deployed in the canyon.


The initial validation test conducted in 2013 involved deployment of a single spherical BED with a density of ~1.2 gm/cc. In 2014 the importance of shape and density on the behavior of BED units was investigated. An experiment was deployed comprising a pair of cubical concrete monuments and a pair of spherical BED units. Each pair had a low density unit (~1.2 gm/cc) and a higher density unit (2.2 gm/cc) that were set side by side at the top of the canyon. Two events swept the assets down canyon as shown in Figure 3. The lighter units travelled further down the canyon than the denser units, with the spherical BED travelling further than the cubical monument of the same low density. In contrast, the denser BED and monument travelled a similar distance despite their different shapes. Thus, density plays an important role in the distance that an object travels down the canyon, whereas shape only appears to matter for lighter objects. 

Work on data visualization has continued to progress. Event data from all sensors is available in STOQS and an animation overlaid on high-resolution bathymetric maps is also provided. 
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In early June 2014, MBARI hosted a workshop to refine plans for the Coordinated Canyon Experiment (see MBARI project proposal #90123). The workshop participants were impressed with the functionality and capabilities of the BEDs: in particular they were enthusiastic that the BEDs offer the potential to investigate dense near-bed sediment layers that have hitherto been impossible to measure using conventional techniques e.g. flow measurements using ADCPs. As a result, the BEDs are likely to play a prominent role in the experiment. 

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

(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)
Page 14 of the Technology Road Map outlines the goals of “Taking the laboratory into the ocean, Enabling targeted sampling, & advancing persistent presence”. These are essentially identical goals to those outlined in the Coordinated Canyon Experiment. Thus, this experiment, of which the BEDs are an important component, is an excellent fit with the Technology Road Map goals.

Significant changes from previous project proposal 

Two potential upgrades to the BEDs are being considered: the first upgrade is a direct result of gaining experience in using the prototype BED in the canyon; the second upgrade results from discussion with end users during the June Coordinated Canyon Experiment workshop.

The first of these involved upgrades we would like to have included in the initial Coordinated Canyon Experiment BEDs deployments in 2015. The second is being considered for subsequent years.

(i) An upgrade to the Inertial Motion Unit (IMU) and motherboard is proposed in 2015. The current version of the IMU is now obsolete, although sufficient units have been procured to support the Coordinated Canyon Experiment without altering the motherboard. However, there are several benefits to altering the motherboard. Existing issues with the software stack have been addressed in the new system, and in addition the hardware now includes triaxial heading. Triaxial heading will enable more refined calculation of linear displacement of the BED. Upgrading the motherboard will enhance our abilities to monitor the battery, which has proven important following a battery failure in BED unit #3 while it was deployed in the canyon. In addition alteration of the motherboard will allow integration of a potential new analog sensor as detailed below. The hardware is due to be released by Q1, 2015. 

(ii) During the June Coordinated Canyon Experiment workshop non-MBARI participants were impressed by the uniqueness and utility of the BEDs instruments for forwarding understanding of sediment transport processes in submarine canyons. However, participants also identified that understanding of these processes would be maximized if the density of the flow in which the BED is entrained could be measured. Therefore, an outcome of the planning workshop was the suggestion of adding a density sensor to the BEDs: for example the types of density sensors that are commonly used to monitor slurries in pipes. This possible upgrade clearly has great scientific potential, however, the team recognizes that this concept needs further evaluation. As a result, the team is currently investigating existing sensor options and considering the impact they would have on the existing design. When (if) an appropriate sensor is identified, plans are underway to have laboratory tests conducted to evaluate the behavior and calibrations of the sensors. Suitable testing facilities have been identified in a UK laboratory and if an appropriate sensor is identified tests will be conducted. These tests will probably be conducted by Esther Sumner, following completion of her MBARI post-doc and as part of her role as a UK Co-I on the Coordinated Canyon Experiment. If the sensor performs well under laboratory conditions then we may make a request in the 2016 MBARI proposal cycle to include density sensors on BEDs during the second phase of the BEDs deployments associated with the Coordinated Canyon Experiment or at some future date. Information regarding the potential inclusion of a density sensor is included here because we plan to include the necessary hardware on the new motherboard design that enables integration of a density sensor in the future. 

Publications based on the results of this project only
B. Kieft, R. Herlien, D. Klimov, L. Bird, A. Sherman, D. Graves, M. McCann, E. Sumner, K. Anderson, E. Lundsten, and C. Paull, "Benthic Event Detectors: a Novel Instrument for Characterizing Sediment Transport Events", Ocean Sciences Meeting, Honululu HI, Feb. 2014

c) New and Continuing Projects: Plans for 2015
Research Activities
The main tasks for the remainder of 2014 and 2015 are the refinements in the communications protocols, instrument fabrication and preparation for supplying 12 BEDs to be used during the Coordinated Canyon Experiment. At the start of the experiment in the fall of 2015, four BEDs will be deployed as stand alone instruments and a fifth BED will be attached to the frame carrying an Autonomous Monitoring Transponder (AMT; http://www.sonardyne.com/products/all-products/instruments/738-amt.html) sensor deployed on the canyon floor (see 901023). The remaining BEDS will be deployed in 2016 to repopulate the upstream end of this array, after the first set has been transported down canyon.

Engineering/technology development

A major hurdle in 2014 has been the discovery of a software bug that sometimes prevents the retrieval of data from the BED at low baud rates. While early experiences transferring data from a BED to the Paragon and Waveglider were successful at baud rates above 600 bps, slower speeds below 600 bps seem to incur a failure in the data transfer protocol currently being used on the system (zmodem). Fixing this bug is the most important task for enabling a successful BEDs contribution to the Coordinated Canyon Experiment. Ideally, this problem will be addressed in the second half of 2014; however, it is possible that more labor will be required if a custom solution becomes necessary. 

Additional feedback from the Coordinated Canyon Experiment workshop indicated the importance of knowing more about the dynamics of motion as a BED moves down canyon, specifically with respect to constant or varying speed. The new IMU and associated software stack offer additional features that were supposed to be included in the current IMU release. Specifically more refined linear displacement and motion detection algorithms. An error in the incorporation of gyro data when no motion is present should also be fixed. Because of this and the obsolescence of our current design, the team plans to integrate the new IMU into the same socket that currently exists on the motherboard. 

The team would like to revise the BED motherboard, to incorporate improvements based on experience operating BED units serial number one to three, with goals of improving reliability, functionality, and simplifying maintenance/deployment procedures. In particular: 

(1) coin cell holder with better mechanical retention

(2) internal monitoring of coin cell voltage

(3) monitoring 2 battery half-packs separately

(4) interface to generic density sensor (analog channel)

(5) Potential bluebooth interface for fast and energy efficient “on deck” access to settings and data. Requires power management code be added. 

In order to improve the corrosion resistance of the BED assembly and resolve depth measurement offsets caused by the presence of the existing rubber diaphragm, the team is exploring the following solutions: 

(1) Replacing the existing pressure sensor with a more robust but more expensive titanium pressure sensor. A suitable sensor has yet to be identified.

(2) (contingency) Using an oil filled capillary system for pressure compensation of the existing SS316 sensor. Lab tests have shown this to be a viable option. 

 (3) Improving the pressure sensor interface to enable the capability of attaching a “dead weight” calibration system. 


Based on experience with one of the Electrochem cells leaking in one of the deployed instruments, the team would like to incorporate following design and procedural changes: 

(1) Having Electrochem revise the design of “battery stick assembly” and supply completed and verified assemblies to MBARI

(2) Revise and update the mechanical interface to the “battery sticks” to minimize mechanical loading of battery cells

(3) Revise mechanical interface to battery pack boards. 

Field programs (detail ship requirements/deployments/diver requirements)
The BEDs team will be participating in the Coordinated Canyon Experiment in fall 2015. This will require bi-monthly Waveglider visits at 2 days per visit. Additionally, geolocation via Paragon will be required and is called out in the Continental Margins and Canyon Dynamics proposal (901023) at 12 days. 

Specific deliverables
1.) Waveglider becomes primary data retrieval platform

2.) Upgrade of IMU and software

3.) Complete the assembly of a total of 7 BEDs (parts procured in 2014)

4.) Participation in 2015 Coordinated Canyon Experiment (901023)

5.) Scoping the potential of adding a density sensor 

Milestones (see personnel classification list)
	2015 Project Start Date: 

MM/DD/2015
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	Q1
	Q1
	Q2
	Q3-Q4
	
	

	Milestone Description
	Finish data protocol fixes/upgrades
	Complete IMU and associated software and hardware upgrades
	BED assembly and checkout
	CCE
	
	

	EE
	
	300
	100
	50
	
	450 (DK 370, AS 80)

	SE
	100
	500
	250
	150
	
	1000 (BH 520, BK 310)

	ME
	
	50
	250
	50
	
	350 (LB 250, DG 100)

	EE Tech
	
	25
	100
	
	
	125

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	250
	
	
	250

	Divers
	
	
	
	
	
	


Budget justification
	CATEGORY
	COST

	Electrochem NRE charges
	$700

	Ti pressure sensors, 12 unit lot
	$4300

	Lab Supplies and hardware to support deployments
	$6000

	IMU upgrade: new carrier board (PCB order, components; tooling)
	$1500

	Motherboard Re-spin (PCB reorder, tooling, additional components for 12 boards batch)
	$3500

	Interface board for cesium clock to real time clock (RTC) timing calibration
	$500

	International travel and conference fees for an engineering related conference presentation
	$5,000 
Airfare - 1900.00

Lodging - 250 x 7  1750.00

Registration - 500.00

food - 60.00 x 7 - 420.00

Trans -  230.00 

Misc -  100.00


Project team
Charlie Paull (PI), Brian Kieft (PM), Larry Bird (ME), Dale Graves (ME), Bob Herlien (SE), Denis Klimov (EE) or Alana Sherman (EE), Mike McCann (SE, data visualization), Esther Sumner, Roberto Gwiazda

Note that time for Mike McCann’s data visualization (4 months) is specified in the Continental Margins and Canyon Dynamics (901023) proposal. His time is not included in this proposal. Also, hours for Esther and Roberto are not allocated in this proposal. 

Project lab space
Bldg G, east table near windows. We will also make use of the Canyon Dynamics Lab B124. 

Data availability outside project team, uniqueness

A major hindrance to understanding sediment transport in submarine canyons and other environments has been the lack of a suitable sensor that can measure the near-bed zone. This zone falls within the sidelobe blanking region of conventional techniques such as ADCPs and is thought to contain high-concentration flows that are difficult to measure. The BED is the first instrument that can document sediment-transport in this near-bed zone. BEDs measurements in Monterey Canyon will enable a better understanding of how sediment is transported through submarine canyons. Furthermore there is already outside interest in deploying BEDs in other submarine canyons around the globe as well as other submarine environments such as delta fronts and sinuous channel systems. Thus BEDs have the potential to revolutionize our understanding of sediment transport in a range of marine settings. 

Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

The foreign collaborators are listed in the Continental Margins and Canyon Dynamics (901023) proposal. No international travel is requested through this project.
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.) 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
	
	
	
	

	Medium
	
	
	X
	X

	Low
	X
	X
	
	


Fig. 1: Side pole installed on R/V Paragon





Fig. 2: Acoustic transducer mounted in Waveglier skeg. 





Fig. 3: Graphical summary of BEDs deployments to date. 





Fig. 4: Visualization of BED moving down canyon 





Fig. 5: Damage from battery failure. 








� This date and number should remain the same for the duration of the project. If your project start date for 2015 is not January 1, please indicate the start date in the first cell of the milestone chart.


� 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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