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Project Title:  AUV Gulper
1) ABSTRACT (new and continuing projects)

Although the AUV is currently equipped with a wide array of sensors, important science remains inaccessible to underway instrument readings alone.  Many applications require a sample of water for analysis; for example BOG, microbial observatories, HAB detection, etc.  AUV onboard intelligence provides a unique opportunity to adaptively acquire water samples within the physical oceanographic context.  The value of an on-board water sampling system can be measured by the amount of interest within the institute. Chris Scholin, John Ryan, Steve Haddock, Bob Vrijenhoek, Peter Girguis, BOG, and Zbigniew Kolber have all shown interest in an AUV water sampler and have participated in the process of determining functional requirements of such an instrument. 

The ability to take a water sample aboard the AUV has been explored and sought at

MBARI for years.  During 2004, we conducted a feasibility study to define science uses and engineering functional requirements of an AUV water sampling system.  The project team and user group defined a set of functional requirements that met most users’ needs: 1-2 L volumes, 12 samples, and whole water samples with no processing or filtering.  There was consensus among users that the sampler must be capable of acquiring a single sample rapidly (<5 sec/sample), and taking multiple samples in quick succession (3 samples over 10 vertical meters).  Keeping these requirements in mind, the project team and user group reviewed the specifications of various commercial water samplers, all of which would need to be modified for AUV use.  The group determined that off-the-shelf samplers would not meet the requirements for rapid sampling. Thus, we would need to design and build a system in-house. Preliminary design work is currently underway; we are working to create a simple design that leaves the door open for future development (water sample filtration, particle preservation, large number of small water samples).   

We propose a 2-year program to develop an AUV water sampler.  The first year of this program will be spent designing, building and testing prototype components. The goal at the end of the first year would be to have a preliminary design based on the results of our testing.  The second year would begin with preparation of detailed designs, followed by a critical design review, fabrication of the device, integration onto the AUV, and engineering field tests. The project team assembled for this purpose includes researchers (Scholin, Ryan, Friederich), and engineers (Shane, Sherman).  The project team plans to work closely with AUV operations (Thomas) through all stages development and integration.
2) PROPOSAL

a) The problem addressed (new projects only)

Statement of the problem

The spectrum of measurements being made from the MBARI AUV is outstanding, and the science enabled by these measurements is thus broad and multidisciplinary. However, important science remains inaccessible by underway instrument readings alone. Many important applications require a sample of water for analysis; for example BOG, microbial observatories, HAB detection, etc. AUV onboard intelligence provides a unique opportunity to strategically acquire water samples within the interpretive context and real-time decision matrix of AUV sensor measurements and computational resources. Intelligent water sampling with the AUV would “open the fairing” to many applied coastal water quality concerns (HABs, biological and chemical contaminants, nutrients). 

Add event response..

Why it is important

John

Present state of art/understanding

At the present time, a number of automated water samplers are commercially available. Enviro Tech LLC, McLane, Challenger Oceanic, and Chelsea Technology Group all make sampling devices.  Enviro Tech LLC has two samples, Aqua Monitor and AquaLab, which use a syringe and multi-port valve mechanism to collect water in sample bags. McLane Research Laboratories manufactures the Remote Access Sampler that can take 50-0.5L samples using a multi-port valve and pump system. Challenger Oceanic has a device that can take 10-1L samples, which is actuated by linear and rotary motors. Finally, Chelsea Technology Group offers a plankton recorder for people only interested in capturing particles.

Two groups have mounted water samplers on AUVs: Southhampton Oceanography Centre (AUTOSUB) and JAMSTEC (Urashima-Deep Sea Cruising AUV). The AUTOSUB sampler is the commercially available Aqua Monitor from Enviro Tech LLC, which captures 50 samples with a sample volume of .25-.5 L. The Urashima sampler collects 200 250cc samples. Both of these AUVs are quite large with respect to our CTD vehicle.  Their samplers have been used for applications including: calibration of chemical sensors on the vehicle, and acquisition of water for on shore mass spectrometry analysis.

 Unfortunately, none of these samplers meet the specifications defined by our users (large samples, rapid inhalation, multiple samples in quick succession).  Furthermore, several of these systems are intended for deployment on moorings or larger vehicles, so integrating the samplers with the AUV would at best be a major obstacle and in some cases impossible.

In general, they are taking smaller samples, at a slower rate, on much larger vehicles. Our searches have yet to yield an easy or previously attempted solution to our water sampling needs.

How it relates/contributes to MBARI’s mission and strategic plan

There has been long-term interest in developing a water sampler at MBARI. This project proposes to create one instrument, which will enhance the science programs of five of MBARI’s scientists (Ryan, Scholin, Haddock, BOG, Vrijenhoek) at MBARI. The AUV gulper would capitalize on platforms already available, while developing a resource unique to MBARI. A water sampling system can also be a valuable tool used in conjunction with ocean observing programs, or as a feature on a docked vehicle.

b) Approach to the problem (new and continuing projects)
Status of project

We proposed in 2004 to complete the following tasks as part of the feasibility study: 

1) clearly and thoroughly define science uses 

2) establish functional requirements from science use definition 

3) evaluate existing technologies to determine whether this capability on the Dorado AUV will best be realized by modification of a commercial system or design and build of a system in-house 

We have completed each one of these goals.  Depending on time and resources, we hope to continue to evaluate concepts and potential system components in the next few months. Next year we would like to transition from a scoping project to a development project.

Results to date

We have held multiple meetings with our user group in the past year. Through these discussions, we developed a set of functional requirements (listed below).  The group settled on one set of specifications that was able to meet the needs of most users. Based on these requirements, we evaluated commercial options and have made recommendations for the direction of future development. We will prepare a document with materials from these meetings and a summary of our recommendations.

Publications (from the last 5 years)

Plans for 2005

Engineering/technology development

As described above, the project team established a list of functional requirements based on user input. The requirements are:

1. Raw water samples (no filtering): Although the users were primarily interested in particles, as a group we decided that filtering particles from the water would require a more complex system than we are prepared to attempt at this point. 

2. Sample volumes between 1-2 L: Following from the first requirement, large volumes of water are needed to collect enough particles for meaningful sample analysis. The volume required to get an adequate “signal” has been experimentally determined by several users (Haddock, Vrijenhoek).

3. Number of samples between ~12: This value will depend on the space and weight constraints of the final design.

4. Sample inhalation rate < 5 sec: Several of the users are interested in sampling thin layers while running a standard transect. This poses a design challenge because it necessitates capturing a large volume of water in a very short time. There are two approaches to satisfying this requirement: (a) to design a system capable of very rapid inhalation (i.e. big pump), or (b) to modify the vehicle’s trajectory in an attempt to prolong the period during which the vehicle is within the layer of interest.  We plan to attempt the former, since it allows scientists to maintain their trajectories and correlate sampling with previous studies along the same trajectory. Furthermore, relaxing the rate of inhalation does not necessarily result in an easier solution. Changing the vehicles trajectory would be an attractive approach if it enabled us to use a commercial system, and this is not the case (unless the vehicle came to a complete stop). While we remain open to the idea of using vehicle control to ease or satisfy some of our requirements if possible, we will attempt to design a system that can meet this requirement without drastically interrupting the current vehicle operations.

5. Ability to take multiple samples in rapid succession: This requirement also stems from the thin layer application. In order to get three discrete samples over approximately 10 m while moving at 3 knots, we need to be able to index quickly between sample containers.

6. Vertical resolution of 1m, horizontal resolution of 300m. The vertical resolution requirement is motivated by thin layer applications.

7. Depth rating of 200m. 

8. Retaining all current measurements from contextual sensors: Adding the sampler must not result in the removal of any of the current sensors in the system. Furthermore, we need to put some thought into making it easy to collocate data points.

In addition to these functional requirements, the following constraints must be considered in the design:

1. Space available in the mid-body of the CTD vehicle

2. Power available from the vehicle (80 A at 30V)

3. Weight of the payload

4. Vehicle control and stability

5. Placement of the water intake and other hydrodynamics issues

The project team together with the users group has evaluated commercial samplers from Environtech, McLane, Challenger Oceanic, and Chelsea Technology Group. A table compiling the specifications of these samplers is included in the appendix. The concerns with these samplers include: rate of sampling (up to 8 minutes per 1L sample), size of samples, and size of instrument. While we might be able to get around the size issues with some of these devices, the sampling mechanisms used (syringes, for example) fundamentally limit the rate of sampling. Even if we relaxed our required inhalation rate by a factor of 10, the commercial devices still would not meet our needs. Furthermore, each one of these systems would still require integration into the AUV, which will be one of the most difficult aspects of the project. Thus, the project teams conclusion is to design and build a system in house.

add paragraph on high risk elements and risk mitigation

Due to the challenging nature of this project, we propose the following plan for 2005:

1. Continue evaluation of water sampling components and systems

2. Conduct hydrodynamic analyses to determine optimal water intake and sampling strategy

3. Hold a concept design review 

4. Build prototypes of key components for testing and evaluation. These components would probably consist of containers, valves, and an indexing mechanism.

5. Test prototype components in test tank

6. Test components on AUV

7. Analyze results of testing, modify components and system design accordingly

8. Preliminary design review

Field programs

None planned for 2005.

Data reduction and analysis
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Significant changes from previous project proposal (continuing projects only)

This proposal is for a development program based upon feasibility and scoping project of 2004.

c) Specific deliverables (new and continuing projects)

Year 1 deliverables: 

· Concept design review

· Hydrodynamic analysis

· Component prototypes

· Results of test tank and AUV component testing

· Preliminary design

d) Project team (new and continuing projects)

Alana Sherman: project manager, electrical/system engineering, testing of components

Farley Shane: mechanical engineer, design and prototyping, evaluation of component options, testing.

John Ryan & Chris Scholin: lead scientists 

Gernot Friederich: evaluation of components and …

Andy Hamilton: Hydrodynamics expertise.

Rob McEwen: analysis of the impact of the sampler on vehicle control and dynamics.

Project lab space (new and continuing projects)

Existing AUV and ME lab space will be sufficient.

3) BUDGET JUSTIFICATION (new and continuing projects)
Materials and Supplies:

We will need to buy or purchase the following materials for a prototype system:

Sample containers

Closure mechanisms (valves)

4) 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
	March 1
	May 1
	July 15
	September 15
	Nov 1
	

	Milestone Description
	Concept review of system
	Prototype components built
	Tank testing of components completed
	AUV testing of components completed
	PDR
	

	EE
	10
	5
	8
	8
	5
	36

	SE
	
	
	
	
	15
	

	ME
	20 

(10 A.Hamilton)
	15
	8
	8
	10
	61

	Machine Shop
	
	15
	
	
	
	15


� This number should be the same number you entered on the resource requests for this particular resource.





