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1) ABSTRACT (new projects only)
We propose to develop a Sedimentation Event Sensor, which will record both visible-light and fluorescence macro-images of collected sediment, thus measuring the quantity and quality of particulate matter (food supply) reaching the seafloor. Sampling frequencies appropriate for seafloor events that may occur during the long-term deployment will be altered remotely in real time. Initially we will deploy the platform on MARS, however the system will be designed for eventual autonomous long-term deployments at chosen sites including those proposed for the biodiversity initiative.
The Sedimentation Event Sensor is a sediment trap mounted on a rotating plate, allowing the collected sediment to be imaged for composition and size, and measured for chlorophyll content. Many components appropriate for reuse on this system already exist on the Benthic Rover: the machine vision cameras, the main controller, the motor controllers, and pressure housings for the cameras. In addition, we can reuse the Rover MARS SIIM and extension cable for this project, as well as additional MARS-specific electronics that will no longer be needed on the Rover. One of the challenges of this development is creating robust software to control the system both autonomously and for test deployments on MARS. The software framework developed for the Rover is ideally suited to this task, given the similarities of their sensors and actuators (i.e. cameras, lights, motors).

To increase the likelihood of success, our first goal will be to integrate the system onto MARS by the end of the first year. In the following year the goal will be to deploy the system autonomously at abyssal depths to monitor episodic sedimentation events in support of the Biodiversity Initiative.

2) PROPOSAL
a) New Projects

Statement of the problem, why it is important

Long time-series studies are essential to understanding oceanic processes, especially as climate change and anthropogenic impacts exert increasingly more influence on the deep ocean.  Monitoring of upper ocean processes associated with the production and cycling of organic matter is currently being conducted using technologies such as remote sensing by satellites, moored instruments with continuous sampling, and intense but discontinuous sampling from surface ships.  However, technological and logistical constraints have limited similar long-term studies of biogeochemical processes in the deep water column and sediments from shelf to abyssal depths.  With increasing depth and distance from the primary site of organic matter production in the euphotic zone, there is increased difficulty in resolving biogeochemical cycles.  Spatial and temporal heterogeneity in processes connecting surface dynamics with deep-ocean processes necessitates long time-series monitoring to detect and characterize their coupling with sufficient detail.  We now have been able to relate changes in climatic indices to particulate organic carbon flux as an estimate of food supply to the deep ocean (Smith et al., 2006; 2008).  However, the coarse temporal resolution of the deep-sea measurements compared to the much finer resolution of surface ocean processes restricts interpretation and prediction.
We propose to develop a Sedimentation Event Sensor capable of resolving fine scale temporal variation in the quality and quantity of the sinking particulate matter in the water column for comparison with surface ocean processes and sea floor processes measured with the Benthic Rover.
How does it relate/contribute to MBARI’s mission and strategic plan?
The development of the Sedimentation Event Sensor will provide a unique new technology to view the ocean with fine-scale, long-term temporal resolution. Such resolution is necessary to understand the variability in the coupling of surface-ocean and deep-sea processes on appropriate time scales that relate to anthropogenic impacts such as climate change.

Approach to the problem
We will develop a specialized sediment trap, which uses in-situ recording and remote sensing to obviate the need for routine recovery and servicing.
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b) New and Continuing Projects: Plans for 2010
Research Activities
1. Analyze images of sediment from Sedimentation Event Sensor while deployed on MARS

2. Determine best sampling regime, and adjust in real time to capture episodic sedimentation events

Engineering/technology development

1. System Description

The Sedimentation Event Sensor will consist of a collection funnel, with a 0.5-m2-mouth opening, mounted vertically within the structural frame (see Fig. 1).  The tapered base of the collection funnel will be secured to an upper stationary Delrin disk that supports two cameras above and an offset rotating collection disk below with geared circumference.  The drive motor that rotates the lower gear will be attached to the underside of the stationary disk. The rotating collection disk will have a polished glass plate forming the bottom of a cylindrical opening at the periphery of the lower disk to retain the sample during examination. As the rotating disk is driven counterclockwise by a motor, the glass sample plate becomes aligned with four different positions (stations).
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Fig. 2 - An early conceptual model of the Sedimentation Event Sensor showing a) the overall layout of the major components, excluding the controller, and b) detail views of the collection disk and the glass plate cleaning mechanism

In the collection position, station 1, the sample plate is aligned with the base of the collection funnel. After the collection period, the collection disk with glass sample plate is rotated to the next station, station 2, aligning with an optical window in the upper stationary disk through which a camera (Prosilica) and blue light (DSP&L, LED Multi-Sealight) image the fluorescence of the particles on the sample plate.  The collection disk then rotates to the next position, station 3, where a downward-looking camera (Prosilica) photographs the collected particles (see Fig. 2) using backlighting (white LED light) through the bottom of the glass plate which is etched with a scale-marker. At this same time, the fluorometer aligns with fluorescent solid standards embedded in the rotating disk to provide calibration of the previous measurement.  The collection disk then rotates to the last position for cleaning, station 4, where a cam engages a lever arm on the hinged sample plate, releasing the collected particles as the plate falls to a vertical attitude.  As the rotation continues back to the collection position, station 1, this sample plate passes by a stationary brush that cleans the glass surface before it springs back to a horizontal position beneath the collection funnel to continue the sampling and examination process.  The elapsed time from the collection station, through the examination stations and back to the collection station will require less than 2 minutes.
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Fig. 2 – A laboratory micrograph of detritus collected by a Lagrangian Sediment Trap in Antarctic waters. The proposed Sedimentation Event Sensor will capture similar images in-situ.

Existing MBARI technology will be adapted and reused wherever possible. The same stack of PC-104 boards used in the Rover, running much of the same software, will control the Sedimentation Event Sensor; this will reduce design time and also allow spares to be shared between the two projects. To connect to MARS we will reuse the Rover SIIM and extension cable, which will be available when the Rover is disconnected from MARS at the end of 2009. 

2. Work Breakdown

a. Mechanical

i. Construct Ti frame (Use existing Ti frame on sediment trap)

ii. Design and build mounts and brackets for the lights and cameras 

iii. Integrate off-the-shelf funnel with rotating plate

iv. Build or buy pressure housings for motors and cameras

v. Test and integration

vi. Deployment support

b. Electrical

i. Design electrical system 

ii. Draw system schematics

iii. Oversee construction of wiring harness and wet cabling by technicians

iv. Test and integration

v. Deployment support

c. Software

i. Extract and adapt portions of Rover code to control Sedimentation Event Sensor

ii. Test and integration

iii. Deployment support

Field programs (detail ship requirements/deployments)
2 days (Lobos preferred): 1 day to deploy the instrument on MARS and one day to recover.

Specific deliverables
1. MARS-compatible Sedimentation Event Sensor

2. Publication of science and technical results

Milestones
Critical design review – Agreement that functional and design requirements will be met

Mech/Elec integration complete – Major fabrication and assembly is complete and a stable platform for software development exists

Tank testing – Test for seal integrity and qualify for connection to MARS

Deployment on MARS – Plug into MARS for at least three months

Publish results – Write a journal article describing the technical design and science results from the first deployment

Budget justification
	ITEM
	HAVE
	BUY/BUILD
	COST

	Funnel
	X
	
	0

	Stationary and Rotating Plates
	X
	
	0

	Electronics Housing
	X
	
	0

	MARS SIIM and Cable
	X
	
	0

	Controller Electronics
	
	Buy (same as Rover)
	$1,500

	LED lights (2)
	
	Buy (same as Rover)
	$4,400

	Prosilica Cameras (2)
	
	Buy (same as Rover)
	$9,000

	Macro Lenses (2)
	
	Buy
	$4,000

	Camera Housings
	
	Buy (DSP&L)
	$8,000

	Motor
	X
	
	0

	Motor Driver
	
	Buy (AllMotion)
	$1,000

	Connectors
	
	Buy (Seacon and Subcon)
	$10,000

	Ti Frame
	X
	Modify as required
	$500

	Instrument Mounts
	
	Build
	$1500

	MARS Port Fee
	
	$1k per month
	$3,000

	Total
	
	
	$42,900


Project team
Project Manager and Lead Engineer – Paul McGill will manage the schedule and budget, and provide technical oversight.

Lead Scientist – Ken Smith will define the functional requirements and analyze the scientific results.

Project Scientists- Charlie Paull and Jim Barry contribute to the requirements and data analysis

Lead Engineer – Alana Sherman will design the electrical system

Mechanical Engineer – Brett Hobson will design the mechanical system

Software Engineer – Rich Henthorn will adapt his Rover software to control the Sedimentation Event Sensor

Project lab space
The space outside the Cold Room, currently being used for the Rover, would be appropriate because of its proximity to the technician labs, where much of the fabrication and assembly will take place.

Data availability outside project team, uniqueness

Images from the sensor will be available to other MBARI researchers through the SSDS. The project team is not aware of any other system that can image collected sediment in-situ for extended periods.

Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	X
	X

	Low
	X
	X
	
	


3) MILESTONES (new and continuing projects)

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

	Milestone Date
	1Apr09
	1Jul10
	15Jul10
	1Aug10
	1st Qtr 2011
	

	Milestone Description
	Critical Design Review
	Mech/Elec Integ Complete
	Tank Testing Complete
	Deployment on MARS
	Publish Results
	

	EE
	140
	60
	40
	60
	60
	360 hrs

	SE
	16
	24
	160
	40
	20
	260 hrs

	ME
	120
	40
	40
	40
	40
	280 hrs

	EE Tech
	
	80
	
	
	
	80 hrs

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	80
	40
	
	
	120 hrs

	Machine Shop
	
	40
	
	
	
	40 hrs


(See next page for personnel classification information.)

Personnel Classifications

	Engineer - 

Mechanical Engineer
	Engineer - 

Electrical Engineer
	Engineer - 

Software Engineer 
	Engineer - 

Mechanical  Tech
	Engineer - 

Electrical Tech
	Engineer - 

Software Tech 
	Observ Support Technician 
	Research – 

Software Engineer

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

	Gene Massion
	Mark Chaffey
	Tom O’Reilly
	John Ferreira
	Jose Rosal
	Karen S
	Mike Kelley
	Mike Godin

	Jon Erickson
	Ed Mellinger
	Brian Kieft
	Jim Schofield 
	Tom Marion
	
	Erich Rienecker
	Frederic Py

	Farley Shane
	Paul McGill
	Rich Henthorn
	Mike Parker
	Jim Montgomery
	
	 
	

	Brett Hobson
	Alana Sherman
	Rob McEwen
	
	Paul Coenen 
	
	 
	 

	Doug Pargett
	Scott Jenson
	Brent Roman
	 
	
	
	 
	 

	Andy Hamilton
	Chad Kecy
	Kevin Gomes
	 
	 
	 
	 
	 

	 Larry Bird
	 Craig Okuda
	Danelle Cline
	 
	 
	 
	 
	 

	Bill Kirkwood
	 
	Bob Herlien
	 
	 
	 
	 
	 

	Jim Birch (2/3) 
	 
	Mike Risi
	 
	 
	 
	 
	 

	 Mark Brown (1/2)
	 
	Wayne Radochonski
	 
	 
	 
	 
	 

	
	
	Mike McCann
	
	
	
	
	

	
	 
	Thom Maughan
	 
	 
	 
	 
	 

	
	 
	Brian Schlining
	 
	 
	 
	 
	 

	
	
	Rich Schramm
	
	
	
	
	

	
	
	Duane Edgington(2/3) 
	
	
	
	
	

	
	
	Kent Headley (2/3)
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


� 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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