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Statement of Work
Benthic Event Detector 2.0 Upgrade 
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Introduction/Background
MBARI proposes developing an upgraded BED design in 2018. This effort is in anticipation of follow up experiments to the CCE, which are being planned for as early as Q42018. 

Although we are still digesting the results of the Coordinated Canyon Experiment (CCE), it is already clear that the project was extraordinary successful in providing basic understanding of sediment gravity flow (SGF) processes. While SGFs are among the most important processes moving material on the Earth’s surface, up until the CCE the majority of what was known about sediment gravity flow events came from forensic analysis, modeling, and flume studies; there were almost no substantial observations of what actually happens during the events. The CCE has shown that these events can be studied in nature, greatly enriching our understanding of these events and revealing a number of surprises.

The success of the CCE has stimulated considerable interest in conducting what might be called CCE version 2.0. At this time, there are multiple concepts being considered by existing CCE collaborators and other researchers who want to get involved in further experiments. The concept of deploying more BEDs is featured in all these discussions. MBARI‘s potential involvement in these future programs forced an evaluation of the status of the existing capabilities with BEDs.

The initial BED design (version 1.0) relied on the Persistor microprocessor. This was a good decision at the time, as these low power, easily programmable, and reliable systems enabled the BED to be developed. Since then there have been considerable advances in microprocessors, making the Persistor technology somewhat antiquated. Persistors are no longer available, which by itself prohibits us simply fabricating more units for subsequent experiments. Thus, we need to redesign the BEDs to run off a new microprocessor before they can be used again.  

Scope of Work
The scope of work for the BEDs 2.0 upgrade includes selecting a new microprocessor to replace the Persistor boards on the BEDs. Advances in microprocessors and sensors electronics provide a number of good options. Along with our gained experiences, BED version 2.0 promises to be cheaper, more versatile, and better performing. However, adapting to the new microprocessor and sensors will require reprograming much of the system. 
Additionally, the existing inertial motion unit (IMU) has reached end of life. The newer ICM-20948 model (InvenSense) offers a more robust Digital Motion Processor (DMP) as well as the addition of a compass for orientation with respect to earth. This IMU will be integrated to the new microcontroller. 

At the outset of the BEDS project there was simply no experience with collecting such data and we had no idea of what would actually happen. Thus, decisions about how to optimize power and data storage drove the data recording rates, download priorities, and sleep/wake up modes. While we are pleased that we captured the basic information, our experiences now shows there are simple programing refinements that would make the data even more useful. 
The pressure case on BED 1.0 was limited to 500 m. Even in Monterey Canyon this was an awkward restriction, but some of the areas that are now in consideration for future deployments involve several km water depths. Thus, we want to explore developing a deeper pressure case capable to 4km.

The recovery of data during the CCE was based on the combination of the successes of the Waveglider hot spot acoustic gateway, MBARI’s ability to extract BEDs using ROVs, and the ability to physically recover BEDS after they float to the surface locally. These strategies were effective in Monterey Bay, but could be more difficult to depend on elsewhere in the world. Thus, we now wish to include an option of having the entire data record download via Iridium when the corrodible links of the BED instruments have dissolved, releasing the ballast and enabling them to float to the surface. 

BED 2.0 design will be more modular and allow for the addition/subtraction of features such as corrodible link recovery devices, Argos location, Iridium link, etc. The “base” design will simply include a 4km rated pressure case and new IMU/microcontroller. The primary communications channel will continue to be an acoustic modem. 

Period of Performance
The most aggressive period of performance for BED 2.0 is the Fugro/Mozambique canyon deployment scheduled for Q4 2018. This canyon instrumentation includes ADCP arrays as well as acoustic instruments designed to measure slow creep.  Work on the redesign would start immediately in 2018 with a nominal ROV “ride along” test occurring in Q3 2018. 

Place of Performance
The selected vendors for the BEDs will remain primarily the same and all possible work will be outsourced as it was before (e.g. board spin, pressure case ends, battery pack assembly, etc). Fugro has offered procurement assistance and discounts due to its relationship with various vendors. Assembly, calibration, and checkout will occur at MBARI as it has in the past. Special consideration may be required for shipping primary lithium battery packs to foreign countries on short notice. The option of assembling the battery pack on site is viable as long as MBARI has two test packs locally for initial assembly/calibration. 

Work Requirements
The following requirements specify BEDs 2.0 upgrade functionality. It is assumed that existing requirements of the system will be implemented unless otherwise specified below (e.g. recording frequency, etc). 
· The system shall implement the same UI features and include an interface for any additional sensors added as part of the design. 
· The system design shall include the option for additional sensors including temperature, Iridium modem, and conductivity. 
· The system shall operate to an ocean depth of 4km
· The system shall be functional for 2 years assuming quarterly event listing downloads (i.e. no event motion downloads) at full acoustic power
· The system shall be capable of being assembled with minimal subsystems including only acoustic communications, motion recording, and pressure case. 
· The system shall make use of the ICM-20XXX IMU for backward compatibility with scientific data





Schedule/Milestones

The below list consists of the initial milestones identified for BED 2.0 redesign:
	SOW Release
	January 5, 2018
	 

	CDR
	April, 2018
	 

	Procurement Complete
	June, 2018
	 

	Assembly Complete
	August 31, 2018
	 

	Testing Complete
	September 28, 2018
	 

	Shipping by 
	October  24, 2018
	 

	Deployment (after AUV2018)
	Nov 2018
	 


Labor
Personnel selections are suggestions. Possible to load level EE and SE with others (or combine)
	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Total Resources[footnoteRef:1] for each resource category for all milestones listed here [1: 
] 


	Milestone Date
	Q1
	Q2
	Q3
	Q4
	

	Milestone Description
	Initial Design
	CDR / Procurement 
	BED assembly and checkout
	Shipping/
Deployment
	

	EE
	160 (DK)
	40 (DK)
	100 (DK)
	50 (DK)
	350 

	SE/PM
	80 (BK)
80 (other)
	80 (BK)
80 (other)
	180 (BK)
80 (other)
	80 (BK)
	660 

	ME
	80 (Bird/Graves)
	40 (Bird/Graves)
	60 (Bird/Graves)
	60 (Bird/Graves)
	240

	EE Tech
	
	
	
	
	

	SE Tech
	
	
	
	
	

	ME Tech
	
	
	
	
	




	CATEGORY
	COST

	Batteries
	$15,000

	Pressure sensors, 12 unit lot
	$4300

	Modems
	$65,000

	[bookmark: _GoBack]IMU upgrade: carrier board (PCB order, components; tooling)
	$1500

	Motherboard (12 boards batch)
	$4000

	Other (brackets, housings, etc)
	$17,000

	Flotation
	$10,000


Estimated Budget
BOE from previous procurement. 10 units. Cost not to be paid by MBARI. 

Acceptance Criteria
Following a successful CDR and procurement with limited schedule slip, units will be bench tested for functional requirements including pressure testing. Serial number 1 will be tested at sea via an ROV ride along deployment and/or shallow tethered deployment in Monterey Bay. Basic acceptance techniques proven with BEDs 1.0 will be reused and formal power budget will be updated with actuals. 

Other Requirements
A formal agreement (e.g. collaborator agreement, license agreement, etc) will be required prior to working with a for profit company such as Fugro. Special consideration for this situation or others that may arise will be covered in a separate document depending on what vehicle is chosen for the agreement. 
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