1. Introduction

Although a vertical profiling capability has long been included as part of the MOOS plan, to date only a limited feasibility study has been performed as part of the MOOS Mooring project.  This work has made clear that the development of a vertical profiling system that meets all of the MOOS requirements is not a small undertaking, and that there are commercially available profiling products which represent a significant amount of development done at other institutions.  These commercially available products may well perform a subset of the MOOS functional requirements and should not be ignored as solutions that may bring us a long way towards the profiling goals of the MOOS system.  Furthermore, it has become clear that the science drivers for vertical profiling in the upper water column extend outside the MOOS concept and includes the need for short-term deployments (weeks to months) of profiling instrumentation for shelf process studies.  The strategy outlined below for progressing with MOOS vertical profiling takes these short term needs into account and attempts to align the initial steps of MOOS profiling with the immediate science needs.  The activities proposed here augment the feasibility study with short-term deployments of the most promising commercially available profilers.  The combination of feasibility study and experience gained from deployments in science experiments is intended to provide a solid foundation from which to move profiling in the MOOS system forward beyond 2004.  

2. Goals for 2004

In 2004, it is proposed that the vertical profiling component of the MOOS program is separated from the MOOS Mooring development and concentrates on the following goals:

a) Continue and complete the feasibility study of MOOS profiling.  This includes the study of the fundamental issues related to vertical profiling in general and the continued refinement of the MOOS systems use cases and functional requirements related to profiling.

b) Develop an understanding of the capabilities of two commercially available profilers by purchasing and deploying the most promising deep profiling system (McLane Moored Profiler) and the most promising upper-water-column profiling system (Seahorse Profiler).  It is intended that these test deployments will be performed in conjunction with relevant science experiments (see below).

c) Determine what new capabilities need to be developed and tested to meet the MOOS profiling functional requirements.  (i.e. Durability for extended deployments, data telemetry, power recharging, etc).

These goals are intended to be the first steps towards making the profiling aspects of MOOS a reality.  This approach of starting with the commercially available products instead of developing a new profiler in house (or improving the design of the existing in-house profiler, the MVP) is chosen for several important reasons:

a) Significant development effort has been made at other institutions on the profiling problem.  There is a danger of repeating this work if a platform-engineering project is started without fully understanding the capabilities of the commercially available products. 

b) There is a strong desire for some profiling capability at MBARI in the near term, even if this capability falls short of meeting the full MOOS functional requirements. (See MOOS 2 Workshop report).

c) There is a need to keep the personnel resources for the project relatively small. The engineering resources that will be required for a vertical profiler platform development effort are largely the same as are needed for the MOOS Mooring project.

3. Goals beyond 2004

With the goals of 2004 met, MBARI will be in a position to extend the technology and capabilities of vertical profiling to realize the original goals of vertically mobile instruments as part of an ocean observing system.  The exact nature of this work is not known at this time, but will fall somewhere between two extremes.  In the most optimistic scenario, the commercially available solutions will prove suitable for modification to support the real-time communication and battery recharging necessary for extended duration deployments.  In the most pessimistic, we will find that the commercially available solutions don’t meet our needs and an MBARI engineering effort will be necessary to achieve the MOOS project goals.  

4. Proposed Activities and Relation to Other Projects

The proposed activities to be undertaken in this project can be separated as meeting two distinct categories of the profiling functional requirements, deep profiling in the benthic region, and profiling near the surface in the upper water column.  This section describes the proposed activities for each category, and how the activities relate to other MBARI projects.

Deep Profiling

The proposed Canyon Dynamics experiment for 2004 (200101) provides an excellent opportunity to test the capabilities of the McLane Moored Profiler (MMP).  This profiler is commercially available, represents a significant development effort performed at WHOI, and appears to be a good match to the MOOS functional requirements for deep profiling.  The Canyon Dynamics experiment is partially conceived as a test bed for MOOS technologies, and the inclusion of a vertical profiling system enhances the canyon dynamics experiment while providing the experience and equipment necessary for the MOOS science experiment in 2005.  

The proposed activities of the MOOS vertical profiling project related to deep profiling are:

· Coordinate the purchase of the McLane profiler (with 2003 funds allocated in the MOOS Mooring budget).

· Work with the Canyon Dynamics group to configure and deploy the unit as part of the Canyon Dynamics experiment.  

· Evaluate options for expanding the capabilities of the McLane profiler to include telemetry and battery re-charging.  A University of Washington group (Tim McGinnis/Bruce Howe) is currently planning a project to develop these capabilities as a modification of the McLane profiler.  With these capabilities added, the profiler would be well suited to integration with the MOOS sub-sea data and power infrastructure and would meet most, if not all, of the MOOS functional requirements related to deep profiling.  Because of this, the profiling project plans to stay abreast of these developments and explore a possible collaborative effort so that MBARI can benefit as much as possible from the UofW work. 

Upper Water Column Profiling

Deploying the SeaHorse profiler on a small mooring near the MOOS Lite/CIMT mooring provides a good opportunity for evaluating this profiler in an experiment that is related to the MOOS project.  In addition to augmenting the science data gathered at the CIMT site, this deployment is intended to evaluate several aspects of vertical profiling in the upper water column.

a) The quality of the CTD data when compared to the traditional “T-String” inductively coupled CTD’s on the mooring wire used in the OASIS moorings.  For the vertical profiling capability of MOOS to take over the role of the discrete CTD’s, the data quality from the profiler must be acceptable.  By deploying the SeaHorse for a 2-4 month period alongside the CIMT mooring, a direct comparison will be possible. 

b) Demonstrate the feasibility of telemetry gathered from the profiler in real time.  Brooke Ocean Technology has integrated a Seabird inductive modem into the SeaHorse for internal trials and is willing to make this option available to a customer who is willing to work with them to make it operational (we seem to qualify in their minds).  This capability is the next step beyond basic mobility and is important for event response and profiler durability in severe conditions by allowing the profiler to stay submerged in severe conditions.

c) Evaluate the effects of bio-fouling in shelf profiler deployments.  A significant appeal of profiling is the ability to limit the instruments exposure to bio-fouling in the euphotic zone.  However, this has yet to be demonstrated and may not be effective in the shallower shelf deployments.

The proposed activities related to upper water column profiling are:

· Purchase a Seahorse profiler from Brooke Ocean Technology.

· Design and build a simple mooring system suitable for this profiler system that can be deployed from the Zephyr.  

· Integrate a controller into the mooring to manage the inductive modem telemetry from the SeaHorse profiler and pass this data ashore or on to the CIMT mooring itself via radio modems.  The SOON controller used in Francisco’s drifters may be a good, inexpensive candidate for this.  An OASIS controller with FreeWave modems is another option that would allow eventual communication directly between the small profiling mooring and the MOOS-Lite.

· Deploy the system near the CIMT mooring for 2-4 months with one or two service trips.

MVP

At the beginning of 2003, the MBARI Vertical Profiler (MVP) was not performing reliably which contributed to the interest in commercially available profilers.  However, in the second half of 2003, the MVP has enjoyed several successful deployments and continues to be a viable profiling solution for some applications.  When comparing the MVP to the SeaHorse profiling solution, each has pros and cons.  The SeaHorse unit is more power efficient due to its use of wave power and faster profiling speeds and is more suited to profiling near the ocean surface.  The MVP is less power efficient but relies on a subsurface float to provide a relatively stable mooring wire to profile on.  This feature provides the possibility of slowing or stopping the profiler during a cast to better resolve fine stratification of the water column.  In 2003, the MVP and a leased SeaHorse unit were deployed side by side to start the process of comparing the science data quality between the two systems.  At this writing, the results of that test are not available.

There are requests in other proposals to use the MVP for science studies in 2004 (Ryan, 900246; Scholin, 900312).  When not being used for the tests outlined here, the SeaHorse profiler purchased as part of this project would be available to augment those deployments at little cost. 

Its developers view the existing MVP as a prototype that needs two upgrades to increase the ease and reliability of the unit.  The buoyancy engine size and efficiency needs to be increased, and the controller technology needs to be upgraded to provide the processing power required to implement variable profiling rates.  This proposal includes no resources for these tasks because the decision as to whether further investment in the MVP is warranted depends upon a thorough definition of use cases and functional requirements for MOOS vertical profiling.

Feasibility Study

Time is requested in 2004 to complete the feasibility study of vertical profiling in the MOOS environment started in 2003.  This study includes a review of potential use-cases and functional requirements for profiling, a survey of previous profiling efforts and commercially available solutions, and an outline of the unsolved problems in this area.  This feasibility study is very important in defining how to move forward beyond 2004 with MOOS profiling and the deployment activities outlined above contribute significantly by providing a wealth of experience with the engineering challenges, the scientific possibilities and the operational issues.  

5. Summary WBS/Schedule

	Task
	Completed by
	EE Days
	SE Days
	ME Days
	E-Tech Days
	M-Tech Days
	DMO Support Days
	Eng Days
	OSG Days
	Shop Days
	Zephyr Days
	Pt. Sur Days
	Flyer Days
	Boat Days

	Project Management
	Q4
	 
	 
	6
	 
	 
	 
	6
	 
	 
	 
	 
	 
	 

	Complete Feasibility Study work started in 2003
	Q2
	 
	 
	25
	 
	 
	 
	25
	 
	 
	 
	 
	 
	 

	Specify and Purchase SeaHorse Profiler
	Q1
	 
	 
	4
	 
	 
	 
	4
	 
	 
	 
	 
	 
	 

	Design Surface Mooring
	Q2
	 
	 
	10
	 
	 
	 
	10
	 
	 
	 
	 
	 
	 

	UWC Profiling Design Review
	Q2
	 
	 
	1
	 
	 
	 
	1
	 
	 
	 
	 
	 
	 

	Inductive Modem Integration into Surface Expression
	Q2
	5
	5
	5
	5
	 
	10
	30
	 
	 
	 
	 
	 
	 

	Fabricate Profiler Mooring 
	Q2
	 
	 
	 
	5
	10
	 
	15
	2
	10
	 
	 
	 
	 

	Deploy Profiler Mooring 
	Q3
	 
	 
	1
	 
	 
	 
	1
	1
	 
	1
	 
	 
	1

	Recover Profiler Mooring
	Q3
	 
	 
	1
	 
	 
	 
	1
	1
	 
	1
	 
	 
	1

	Service Profiler at Sea
	Q3
	 
	 
	2
	 
	 
	 
	 
	 
	 
	2
	 
	 
	2

	Analyze (engineering) Results of Deployments
	Q4
	 
	 
	5
	 
	 
	 
	5
	 
	 
	 
	 
	 
	 

	Totals
	 
	5
	5
	60
	10
	10
	10
	98
	4
	10
	4
	 
	 
	4


Task Descriptions

a) Complete feasibility study work started in 2003 - The profiling feasibility study work started in 2003 is unlikely to be completed as a result of being a lower priority in the MOOS Mooring project.  This work is important to the profiling effort in continuing to define the MOOS science use cases and functional requirements.

b) Specify and purchase SeaHorse profiler – There may be some NRE required of BOT to integrate specific instrumentation or modify the standard SeaHorse product to our needs (cable diameter, overall buoyancy, etc).

c) Design surface mooring – The intent is to design a very simple mooring for use with the SeaHorse profiler for use in evaluating the unit.  

d) UWC Design Review – A design review of the UWC profiling test will be held, this will cover the science, the mooring, the deployment, and the profiler.  

e) Inductive modem integration into surface expression.

f) Fabricate and assemble mooring.

g) Surface mooring deployment and recovery – Zephyr time is requested for the deployment, recovery, and two days for at sea service. 

h) Analyze engineering results – Analysis of the two profilers performance and suitability for integration into the MOOS architecture. 

6. Budget Justification

Capital Expenses:

1. Brooke Ocean Technology SeaHorse Profiler ($42,000) Includes Seabird 19+ CTD with 5T Pump, WetLabs mini-flourometer, SBE 43 Dissolved oxygen sensor.
Equipment < $5000:

2. SeaHorse Mooring Cable ($1,475) Specialized Nilspin wire rope with stoppers mounted.

3. SeaHorse Battery Pack (3x$390 = $1,170) Three required for 4 month deployment.

4. FreeWave Modem Pair ($1,800)

5. Seabird Inductive Modem ($1,600) Buoy side hardware.

Outside Services:

1. SeaBird CTD Calibration ($795)

2. NRE BOT to modify SeaHorse for inductive modem integration. ($12,000) 

Supplies:

1. Mooring materials and components ($17,000) Mooring float, hardware, chain, light, radar reflector, etc.

2. Housing for inductive modem hardware ($2,000)

3. Oasis Controller materials ($10,000) Boards, components, and housing for new Oasis III controller.

4. Miscellaneous supplies ($2,500) Requested for miscellaneous items not foreseen as required.


7. De-scoping Options

The inductive modem communication goals of the upper water column profiling activities could be reduced or abandoned.  There are two phases of scaling these goals back

a) Utilize the SOON controller and ORBCOMM satellite telemetry system instead of the OASIS and FreeWave modem combination.  This would remove $8,800 from the budget and save 10 Engineering days.  The downside of this change is the interactive communication with the profiler would be lost because the ORBCOMM system is a store and forward system.  The system would also loose the ability to communicate directly with the MOOS Lite mooring for event detection (not implemented in this proposal anyway, but perhaps nice at a later date).   For the purposes of demonstrating real-time health and data communication from the profiler, the ORBCOMM system would be fine.

b) Eliminate the telemetry goals completely, this would remove $27,400 from the budget and 30 Engineering days, but significant reduces the potential of interfacing the SeaHorse profiler to the MOOS system in the near term.

