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1. Current Status

The overall plan for the MOOS mooring program in 2005 is to continue working toward a complete observatory system test in 2006. This test will be installing and operating a major science experiment that includes multiple seafloor instrument nodes (BIN’s) powered from and communicating with the surface buoy in real-time. The current site planned for the MOOS Science Experiment (MSE) is the Shepard’s Meander at the lower end of the Monterey submarine canyon.

The MOOS mooring project has already made considerable progress towards this goal. The second MOOS Test Mooring (MTM#2) has been deployed since April 2004 with an Electrical-Optical-Mechanical (EOM) cable to the seafloor and the system has performed to design requirements with the exception of the cable floats slipping up the riser cable during deployment (more detail on this below). Data continues to be collected by the MMC/SIAM system from all of the onboard sensors and is archived and served by SSDS to users. Riser cable loads, optical attenuation through the riser cable and power system production are all being monitored. By the end of 2004 we plan on having the MTM#3 mooring deployed. This mooring is testing a novel Center Strength Member (CSM) cable design that is being developed by WHOI and Cortland cable. This approach is unproven and high risk but if successful could result in a cost reduction of 50% for the riser cable system by allowing a less expensive cable and eliminating the need for a “snubber” section to absorb wave energy. MBARI is providing the buoy, data monitoring and telemetry for this deployment with the direct costs and integration and deployment labor funded under the NSF grant.

Kent Headley completed the design and fabrication of the MOOS UWC mooring (know now as the MOOS lite mooring) which was deployed in June as the CIMT mooring, incorporating the MOOS mooring controller (Mark’s team), SIAM (Tom’s team) and SSDS (John’s team) sub-systems.  This system was reviewed on August 12th.  For 2005 we will perform an end-to-end, lifetime, cost benefit analysis of the UWC configuration mooring (MOOS lite) to determine whether M1 and M2 should be replaced with MOOS lite moorings.

Andy Hamilton has focused on the integration of existing, commercially available, profiling solutions into the MOOS framework. In each of two regimes, deep-water profiling, and upper-water-column profiling, profilers have been purchased for deployment in conjunction with existing science efforts.  The McLane Moored Profiler (MMP) was deployed as part of the Paull/Barry Shepard Meander canyon dynamics experiment, and the Brooke Ocean Technology SeaHorse profiler will be deployed late in 2004 near the CIMT mooring site.  These deployments are providing information on the quality of the science data available from these products and the limitations of these platforms relative to the functional requirements of MOOS profiling.  The main limitation of these profilers is the lack of a power and data transfer capability that ocean observatories will make useful and desirable.  Because there is a University of Washington NSF funded project to add these features to the McLane product, MBARI engineering efforts are concentrating on adding these features to the SeaHorse upper-water-column profiler.  By the end of 2004, data telemetry capabilities for the SeaHorse will be implemented, leaving power transfer, long-term durability and modifications for use under the full sized, MOOS upper-water-column mooring configuration.  

Larry Bird and Gene Massion have successfully completed cable laying with both the new Tiburon and the existing Ventana cable laying tool sleds, recently laying 1500m of cable in 3,600m water depth at Shepard Meander, a notable achievement.

Tom O’Reilley’s team have had several successful deployments in 2004 demonstrating SIAM "plug-and-work" functionality and self-describing instrument streams, in support of the CIMT deployment. 
John Graybeal’s SSDS project now supports AUV CTD data sets as well as managing the CIMT mooring data archiving and data access needs.  Quick look plots are routinely available to users.

Duane Edgington and Dan Davis’s NSF SENSORS project “Ocean Observing System Network Infrastructure” will hold the first  Workshop this fall, with broad community involvement including sponsorship by the ORION program office. Thus the prototype implementation schedule has been moved almost entirely to 2005. The current plan is to hold the Workshop September 13-15 of 2004 and complete the Workshop report by the end of 2004.  

In June 2004 Charlie Paull and Jim Barry’s groups jointly installed an array of instruments within Shepard Meander and on its adjacent flank. The object was to establish the importance of this channel as a conduit for carrying sediment and organic carbon onto the vast Monterey Fan. This effort represents the beginning of a MOOS Shepard Meander benthic experiment. The initial deployments and servicing cruises were intended to acquire enough science data to appropriately configure a full-up benthic MOOS experiment.

MARS held a PDR and CDR this year. Design of the sub-systems is approaching completion and fabrication of many of the sub-systems has started. Sub-systems should start arriving at MBARI at the end of this year. Contracts are in place for the cable installation and for the design, fabrication and qualification of the Cable Termination Assembly. The node design is nearing completion and long lead items have been ordered. The EIS/EIR permit application has been submitted to the SLC and to the MBNMS, and the first public meeting was held in early June.

2. MOOS Plans for 2005

a) MOOS mooring program will continue to work towards deployment of a complete observatory system in 2006 at Shepard Meander. This test will be installing and operating a major science experiment that includes multiple seafloor instrument nodes (BIN’s) powered from and communicating with the surface buoy in real-time. 

b) We will undertake cost benefit analysis for the UWC mooring including 

· performing a system wide review and comparison of capabilities, capital and through life support costs for OASIS and MOOS UWC moorings, end-end, and 

· holding an engineering review where we will critically review the implementation of the UWC MOOS mooring , such as the limitations of the 12 port controller, pucks implementation, issues Bob raised etc etc.  Following this, we can make a decision on whether to replace the M1 and M2 moorings with MOOS moorings,

c) We will complete the design, integration and test of the MARS node ready for deployment and commissioning as soon as the many agency permits that are needed are approved.

2.1 MOOS Mooring (600027)

MOOS mooring plans for 2005 are to continue to make improvements in the overall mooring design while concentrating on the continued development of a robust riser cable system. In our testing and development program we have made enough progress to convince us that the overall MOOS moored seafloor observatory concept is technically feasible however significant work remains to complete the testing and refinement of the riser cable system to the level of full operational readiness by 2006.

In mechanical systems the major technical risk remains the riser cable survivability and we plan on continued laboratory and field-testing of prototype cable designs to ensure that we have the best candidate for the 2006 MSE deployment. To accomplish this we will work on developing and running cyclic fatigue tests on the cable test apparatus that has been constructed and installed in the high bay. This machine allows us to simulate field conditions but at an accelerated rate. We are also able to control for single variables such as minimum bend radius. These tests allow us to evaluate cable design refinements before we commit to purchasing a full cable length and conducting expensive field tests. We are actively collaborating with cable manufacturers and WHOI on improved cable designs and supported for cable development and testing work by an external NSF grant through Oct. 1, 2005. The primary goal is to provide a cable design that can survive for a reasonable deployment duration (specified as 3 years in requirements), however once this goal is accomplished, the laboratory test programs rapid test cycle will also allow us to relatively quickly evaluate the performance of cable cost reduction refinements. An example is the MTM2 cable currently in field test. Two designs were submitted from JDR Cable Company, one a proven four Vectran layer design and a similar but less expensive three-layer cable. The claimed performance was nearly identical for both types but lacking a cost efficient method of independently evaluating their performance we choose the more conservative – but more expensive – design.

In addition to the riser cable itself we have several additional technical design details that need further refinement to function as required or improve overall reliability. An example is the cable floatation system, which needs an improved clamping arrangement. Some areas targeted for improvement have not yet caused us problems but through our field tests and increasing knowledge of design techniques for long-term high reliability of deep submergence systems have been identified as potential failure points. An example of this is the snubber interconnection junction box. While this system has operated reliably to date it needs the addition of a redundant seal to ensure long-term survivability.

In electrical and monitoring systems we have addressed all of the major technical items needed to deploy and operate a moored seafloor observatory. We do however have a list of small revisions and improvements that are needed before MSE, for example improving the penetrator design for the Titanium BIN sphere and revising several minor circuit boards.

In software development that is captured in the MOOS mooring project we plan on providing node-to-node time synchronization at the operating system level, automatic fail-over for node-to-node optical communications and supporting the MMC embedded Linux operating system for MTM and CIMT deployments. The overall approach to continued hardware development is that, with the exception of the time synchronization and optical fail-over, the hardware and software set for MMC and the power system is complete and only minimal changes or improvements will be made as required for maintenance.

2.2 Vertical Profiler (900434)

For 2005, the objectives of the MOOS Vertical Profiling project remain focused on providing profiling capabilities needed for the 2006 Shepard Meander experiment while simultaneously developing the equipment necessary to provide both deep-water and near-surface profiling capabilities for MOOS in general.  This is being done by integrating commercially available products into the MOOS system.  This does require some MBARI engineering development and integration, but at a level far below the development of a new profiling system.  This proposal outlines the state of progress on these efforts and the work required in 2005 to be ready to deploy the needed systems for the 2006 Shepard Meander experiment.  The engineering development proposed ranges from completing shorter term needs such as data telemetry from these systems, to longer term efforts investigating the feasibility of power-transfer systems to these profilers that would take advantage of the MOOS/MARS infrastructure.  In all cases, deployments proposed for 2005 are designed to serve two purposes; 1) to test specific profiling hardware and systems needed for the Shepard Meander experiment and the MOOS system in general, and 2) to contribute some scientific value to the 2005 MOOS Science Experiment, as described elsewhere in the MOOS proposal.

For 2005, the objectives of the MOOS Vertical Profiling project remain focused on providing profiling capabilities needed for the 2006 Shepard Meander experiment while simultaneously developing the equipment necessary to provide both deep-water and near-surface profiling capabilities for MOOS in general.  This is being done by integrating commercially available products into the MOOS system.  This does require some MBARI engineering development and integration, but at a level far below the development of a new profiling system.  This proposal outlines the state of progress on these efforts and the work required in 2005 to be ready to deploy the needed systems for the 2006 Shepard Meander experiment.  The engineering development proposed ranges from completing shorter term needs such as data telemetry from these systems, to longer term efforts investigating the feasibility of power-transfer systems to these profilers that would take advantage of the MOOS/MARS infrastructure.  In all cases, deployments proposed for 2005 are designed to serve two purposes; 1) to test specific profiling hardware and systems needed for the Shepard Meander experiment and the MOOS system in general, and 2) to contribute some scientific value to the 2005 MOOS Science Experiment, as described elsewhere in the MOOS proposal.

For 2005, the objectives of the MOOS Vertical Profiling project remain focused on providing profiling capabilities needed for the 2006 Shepard Meander experiment while simultaneously developing the equipment necessary to provide both deep-water and near-surface profiling capabilities for MOOS in general.  This is being done by integrating commercially available products into the MOOS system.  This does require some MBARI engineering development and integration, but at a level far below the development of a new profiling system.  This proposal outlines the state of progress on these efforts and the work required in 2005 to be ready to deploy the needed systems for the 2006 Shepard Meander experiment.  The engineering development proposed ranges from completing shorter term needs such as data telemetry from these systems, to longer term efforts investigating the feasibility of power-transfer systems to these profilers that would take advantage of the MOOS/MARS infrastructure.  In all cases, deployments proposed for 2005 are designed to serve two purposes; 1) to test specific profiling hardware and systems needed for the Shepard Meander experiment and the MOOS system in general, and 2) to contribute some scientific value to the 2005 MOOS Science Experiment, as described elsewhere in the MOOS proposal.

In 2004, the MOOS vertical profiling project has deployed a commercially available deep water profiler (McLane MMP) at Shepard Meander as part of the Paull/Barry experiment at that site.  A cruise in October, 2004 is scheduled that will service the profiler and recover the logged data.  This will be the first opportunity for MBARI to assess the scientific value of data obtained from the McLane profiler.  Also in 2004, the project has worked with Brooke Ocean Technology (BOT) to add telemetry capabilities to their “SeaHorse” profiler, which is wave powered and well suited for use near the surface.  Contracting BOT to do the bulk of this development work has appeared to be the most cost effective, and will result in a commercially supported product that meets many of our needs.  This unit will be delivered to MBARI in October, 2004, deployed in November 2004, and should provide final validation that this promising unit will perform as hoped.  The telemetry component of this system has been kept as simple as possible in 2004, and will require some development work in 2005 to integrate with SIAM/SSDS and realize the features desirable in the MOOS system.

Deep Profiling

For the deep water case, the manufacturer (McLane) now has an inductive communications link integrated into the profiler hardware and software, but does not offer the hardware required to interface the other side of the link to the MOOS/MARS infrastructure.  Paull/Barry have requested funds for a second McLane MMP as part of the MOOS Science Experiment budget to make a continuous profiling presence at Shepard Meander more realistic from an operations point of view.  The Vertical Profiling project suggests that this second unit be purchased with the telemetry option (the cost of this is covered by the amount requested in the MSE budget).  Equipped with such a unit, the Vertical Profiling project will develop the necessary hardware, cables and connectors to interface with the MOOS sub-sea hardware and software infrastructure.  Testing of this telemetry connection can take place in the test tank when the unit enabled with telemetry is ashore, providing a tested system ready for deployment in early 2006 as needed by the Shepard Meander experiment.  As mentioned in the earlier abstract, there is a University of Washington group working on integrating the telemetry and power transfer features into the McLane profiler.  They do not appear to be making rapid progress, and since McLane Research Labs has implemented the telemetry link, it appears sensible to utilize the vendors telemetry link and hold out hope that the U of W group will tackle the harder power transfer problem.  

Upper Water Column Profiling
For the near-surface profiling needs, the SeaHorse profiler from BOT continues to be the leading candidate for this application.   By early 2005, results from this winters deployment should confirm the suitability of this unit for our application and demonstrate near real-time data offload from the profiler.  Development work required to realize the goals for near-surface profiling in 2006 can be separated into the mooring testing required to ensure success in the deep water environment of the Shepard Meander experiment and software work required to complete bi-directional communication features required to modify the profiling schedule during a deployment.  The small mooring/float being developed this year to support the SeaHorse deployment near the CIMT mooring is being designed with the intention that it will also be suitable for deployment in deep water by utilizing a different mooring line configuration.  Before we can confidently deploy in a science experiment at Shepard Meander, it’s important to have at least one deployment of this system in deep water. It is proposed that a second SeaHorse profiler and mooring float be deployed nearby the M1 mooring.  In addition to providing the needed field test in deep water, the effects of bio-fouling on the system in this water depth will be tested and the scientific value of the data obtained by the system can be compared to the existing inductive CTD string that is currently used on the M0/M1/M2 moorings.  This is a very important comparison to make before a decision about replacing the discrete CTD’s on these mooring systems with a profiling system can be made.  That decision impacts the nature of the measurements in the long-term time series, trading spatial resolution for temporal resolution.  

The request for a second SeaHorse profiler and mooring float is made with the intention that this will allow the profiler purchased in 2004 to spend most of 2005 at the CIMT site, collecting data needed for the engineering development of this system within MOOS as well as contributing to the science of the CIMT mooring site.  Having two units at MBARI and separating the deployments at the deep-water site (M1) and the CIMT site is operationally more realistic than sharing one unit between these two field deployments.  Profiling capabilities remain important within the MOOS system and a second unit will produce significant field experience with these units in 2005.   Furthermore, similar to the situation with the McLane profiler, keeping a one-year presence at Shepard Meander in 2006 with a single battery-operated instrument is operationally difficult and purchasing a second unit in 2005 helps to build up the equipment needed for the Shepard Meander experiment in 2006.  Funding is requested in this proposal for the ideal situation of a complete second unit, including buoy controller and telemetry options. A de-scoping option which eliminates the controller and telemetry hardware is also included.  In this case one of the two systems would need to be deployed in a “dumb” mode, profiling and logging data for later retrieval. 

The SeaHorse telemetry system as developed in 2004 is currently limited to data-to-shore transfers and has no capability to modify the profiling schedule and deployment parameters.  To implement this bi-directional communications with the profiler, software work on the profiler system is required  but the hardware development done in 2004 supports these features without modification.  In order to couple these capabilities closely to MOOS, the suggested path is to develop communications between the profiler mooring and a main MOOS/MOOS-Lite Mooring, leaving the development of direct-to-shore satellite communications from the profiler float aside for now.  This suggestions is driven by the presence of this MOOS platform at the Shepard Meander site in 2006, the simplicity in the profiler mooring design this allows, and the possibility of modifying the profiler schedule autonomously from event-detection decision-making within the SIAM infrastructure.  Software features required in the profiler itself are best contracted to the manufacturer, leaving all software work required at MBARI to be done within the SIAM infrastructure.  There is some similarity between the instrument services that would need to be developed by the SIAM group for both the near-surface profiler system and the McLane deep profiler system.  This effort and required resources are scoped within the SIAM section of the MOOS proposal.   

Profiler Battery Charging

The reliance on batteries on board the profilers requires periodic servicing, limits the profiling frequencies attainable and is the main limitation to truly long-term deployments of these profiler solutions. 

The wave-powered nature of the SeaHorse profiler presents a novel possibility of converting wave motion to electrical energy on board the profiler, eliminating the need for a power transfer mechanism.  The SeaHorse profiler uses the mooring wire motion to ratchet itself downward and uses no power to motivate itself, all on-board battery power is used to power instruments.  The profiler is ballasted about six pounds buoyant, and simply floats to the surface during its data collection phase of each profile.  In all but the calmest sea states, this profiler has demonstrated an impressive ability to climb down the wire in spite of being six pounds buoyant.  Every additional pound of buoyancy that the ratchet mechanism can carry down the wire represents a potential energy source of 500 Joules for a 200m profile depth.  If this energy can be converted to electricity efficiently, it is possible that this energy source would be sufficient to power the profilers instruments and eliminate the need to re-charge the batteries from an external source entirely.  Currently, estimates of instrument power usage indicate that the ratchet mechanism would need to be capable of operating with an additional three pounds of buoyancy in the profiler.  Because additional profiles would increase the energy available, there is no reason to pause between profiles and measurements could be done continuously except in the calmest conditions. This approach requires considerable development and for 2005 it is proposed that the feasibility of this approach is studied carefully, including tests of the profilers ability to submerge additional buoyancy by wave action.   Resources for materials and machine shop time are requested to enable prototyping and testing of appropriate energy extraction devices. 

2.3 SIAM (600026)

Several successful deployments in 2004 demonstrated SIAM "plug-and-work" functionality and self-describing instrument streams. In 2005, the SIAM team proposes to extend and refine these capabilities, to develop further functionality required for the Shepard Meander Experiment, and to further simplify pre-deployment instrument service development and puck configuration. 

The team also proposes to implement an instrument with "embedded" puck functionality, thus enabling plug-and-work functionality without the need for external puck device or connectors. 

The SIAM team will continue to utilize and refine the "rapid prototyping" approach and close collaboration with Science and Operations users; we believe that this approach helps to ensure that team produces software which is truly useful and usable.

2.4 NSF Sensors Project  (701026, 900026) 

For some time, MBARI has been applying state-of-the-art technologies, including distributed object, smart-network, plug-and-work, and XML, to create a uniform software infrastructure to support the development, deployment, and operation of its MBARI Ocean Observing System (MOOS), a mooring based, deep ocean observing system. The goal has been to simplify the problems of configuring, interfacing, and controlling instruments in networked observing systems, as well as simplifying access to, and management of, the data coming from such systems. This work has primarily focused on mooring based systems with potentially intermittent and limited bandwidth, as well as limited power.  

The specific goals of this new NSF SENSORS project are to analyze the infrastructure requirements for cable based coastal systems, use this to modify and adapt the infrastructure developed by MBARI for mooring based systems, and prototype and test the feasibility of this infrastructure for Monterey Accelerated Research System (MARS), a cable based system to be deployed in Monterey Bay in 2005.  

The testing program proposed here, and the involvement of instrument manufacturers, users, and observatory developers at other institutions, is structured to ensure that development of the instrument infrastructure is responsive to community needs. The work proposed here would solve key interfacing and data management problems by making the interface problem a part of instrument development rather than an installation problem, and by handling existing off-the-shelf instruments in a straight-forward, easy manner

2.5 MOOS Shore Side Data System  (600031)

Multiple MBARI platforms and instruments use SSDS, collecting, archiving, and presenting data for science, engineering, and educational users. As it begins transitioning from a developmental to operational focus, new opportunities must be balanced with follow-on and transitional development tasks.  We propose SSDS activities in three categories: operational support; core functionality completion; and new development and data set management.

For core functionality completion, the following ongoing or promised capabilities will be brought to full operational status:

· complete data subsetting and merging,

· simple metadata entry using constrained names,

· simple and some advanced query capabilities (for data and metadata), and

· completing several data ingest and access interfaces.

At least two user workshops will be held to choose and specify the most important data access interfaces to add or improve. The results of these workshops will also be used in planning the operational support tasks below.

For operational support, SSDS must be carefully reviewed and upgraded to meet the needs of multiple operational users (and to allow support by a small set of support staff). In addition to the two user workshops described above, one operations team review and one engineering team review will be held at the beginning of the year to identify the most critical operational and developmental support issues.  Operational tasks will include:

· operational support for existing data streams (CIMT, MTM, and AUV CTD),

· reorganizing and bulletproofing code,

· simplifying certain operational tasks,

· validating status of stored data and metadata,

· user and developer documentation, and

· public outreach (leading toward wider use of software)

For new development and data set management, we will support a new data system, integrate a new data set, and add new features:

· AOSN data set management (existing netCDF files),

· tighter integration with multiple visualization tools.

· SIAM interface work

· support dynamic state management

· improve instrument description (XML) authoring and associated instrument verification

· store, process, and forward events

· enhanced metadata functionality to better support

· geospatial queries (indexing min/max values for database lookup; referencing key geospatiotemporal data items)

· quality control initiatives

· evaluate security requirements

In addition, we will develop basic capabilities in support of manual and automated quality control processes for data streams collected by SSDS. We have the agreement of several key scientists—Ken Johnson, Francisco Chavez, Jim Barry, Chris Scholin, and John Ryan—to form an advisory group, which will guide our work in this area. The quality control infrastructure will also be targeted to support future investigations into automated quality control algorithms, and Dan Davis will provide expertise in this area.

2.6 MOOS Science Experiment (900388)

The primary goals of MOOS Science Experiments are to conduct novel, important research while applying and thoroughly testing mature MOOS technologies.  The Shepard Meander Experiment has ambitious development and applications goals toward which much progress has been made.  Research of the Shepard Meander Experiment is well defined and includes novel research in deep and shallow waters

Preparations continued and are continuing during 2004 with testing of challenging / high-risk elements as well as evaluation of the experimental environment.  In June 2004 the MOOS project and Canyon Dynamics projects (involving both the Paull and Barry groups) jointly installed an array of instruments within Shepard Meander and on its adjacent flank. The objective is to establish the importance of this channel as a conduit for carrying sediment and organic carbon onto the vast Monterey Fan. This effort represents the beginning of a MOOS benthic experiment. The initial deployments and servicing cruises are intended to test the serviceability of cable-connected RINs, McLane profilers and sediment traps in this environment, provide operational experience with deploying and servicing this instrument array, extension cable laying and cable survival within the axial canyon, and to acquire enough science data to appropriately configure a full-up benthic MOOS experiment. This was originally intended as a two-year deployment schedule with cruises to service this array every 4 months. Changes in the Western Flyer schedule resulted the cancellation of the first of the originally planned 2004 cruises. In 2005, we wish to continue this on-going effort essentially as originally planned and outlined in the 2004 Canyon Dynamics proposal, so that we will be ready for a full up MOOS experiment in 2006. The primary resources that will be requested include additional instruments to service the existing instrument array and to populate the full array and three six-day Western Flyer trips.

A key capability for the upper water column research at Shepard Meander is vertical profiling with two-way shore-profiler communications that enable a basic level of event detection and response.  A primary event of scientific interest is carbon subduction that occurs episodically in the meandering California Current.  Compared with a limited number of instruments fixed to the mooring cable, spatially continuous vertical profiling will detect more vertical transport events and will be more effective at quantifying their scale accurately for computation of carbon fluxes.  Thus it is very important that we have an upper water column vertical profiling system that will function in the dynamical and biofouling environment of the deep Shepard Meander region, communicate with shore, and permit modification of profiler behavior for event response.  Coordination between the science experiment and vertical profiler projects has aimed to ensure that this critical testing is done during 2005, in preparation for 2006.

2.7 MARS Observatory

In the first half of 2005 the MARS sub systems will be integrated and tested at MBARI ready for installation in Monterey Bay as soon as we receive all of the necessary permits from the permitting agencies. Currently the State Lands Commission plan to have the Commission make a determination on our permit application at their June meeting although their EIR/EIS schedule needs to be very aggressive to be ready for this commission meeting.  If we miss this meeting, the next time it can be brought forward to the commission will be August 2005.  Following the SLC approval, the CCC, USACE and CCRWQCB will act.

Early in 2005 we will have to make a final decision on the shore landing, although two options will be included in the permitting materials, with HDD drilling from the State Lands beach north of the harbor entrance across to our Garner property or across the canyon mouth to the new MLML pier.

Negotiations with the Fisherman’s associations will continue.

2.8 MARS SIIS/SIIM

The goal of this project is to define the Science Instrument Interface System (SIIS) requirements for the MARS RCO test bed, and to design, fabricate and procure a Science Instrument Interface Module (SIIM) for MARS commissioning and the for the first MARS science experiments.  

The NEPTUNE system engineering process has identified the SIIS as a top level subsystem of the RCO.  The MARS use cases and the results from many observatory workshops reinforce this architecture.  In order to efficiently support the science proposed for MARS and meet the goal of providing a test bed for future RCOs, at least a subset of the SIIS needs to be included as part of the MARS infrastructure.  This proposal is intended to identify the requirements and a top level system architecture for the MARS SIIS and develop and deliver the bare minimum elements of the SIIS needed by the first MARS experiments where external funding can not meet the need in the required time frame.  Fortunately, MBARI is uniquely suited to address the development of the SIIS because of the work we’ve accomplished to date on projects like MOOS, SSDS, SIAM, etc.  In fact, almost all of the functionality needed for the science instrument interface module (SIIM) element of the NEPTUNE SIIS as it is currently envisioned have been or are currently under development at MBARI. 

We are structuring this task as follows.  

(a) First we will compare the requirements and top level architecture for the SIIS defined by the NEPTUNE SysE process against the results of the existing MARS science use cases, the output of the SENSORS workshop planned for September at MBARI and (hopefully) the responses to the ORION project office prospectus proposing science experiments for the ORION OOI system.  A key question that will be addressed during this part of our project is 1) how meta-data needs to be handled.  We believe the work done at MBARI to date and the planned SENSORS workshop will provide the information necessary to make informed decisions relevant to the community wide OOI system.  The deliverable will be a complete set of requirements for the MARS SIIS. 

(b) The second part of this task will be to define the top level system architecture for the MARS SIIS.  As is normal, we would expect some iteration between requirements definition and system architecture development during this phase.  

(c) The third phase of this task will be to develop the smallest subset of SIIS functionality necessary to support the first MARS experiments.  

Our strongest hope is that by pursuing a systematic approach to specifying and designing the SIIS, this process can be done correctly once resulting in a standard SIIS, validated for use on the MARS observatory and configurable for use by a wide variety of observatory instruments for a wide range of experiments.  

Based on the current understanding of the requirements for the MARS SIIS, its functionality most likely will include a subset of the following list.  The list also includes where the technology would come from.  1) Voltage level translation – available using off the shelf DC/DC converters, 2) 10/100Base-T to RS-232/422/… - developed for MOOS and also available off the shelf, 3) A range of extension cable types and deployment scenarios, 4) 10/100Base-T to 10/100Base-F for driving extension cables – available off the shelf 5) secondary nodes – subsets of the MARS node, 6) Science port multiplexers and 7) meta-data insertion – at least similar (maybe identical) to the MBARI puck although how this is done is a key question that will be addressed at the SENSOR workshop.  

Our assumption for budgeting is that only a SIIM with a subset of the functionality described above will be delivered under this internal project.  A deployable SIIM is critical to the MARS commissioning that starts in Q4 2005 and ideally a non-deployable, dry prototype would be available Q3 2005 for system I&T.  Additional SIIS functionality will be developed under externally funded projects.  For example, the secondary nodes are beyond the scope of this internal proposal and will have to be funded externally.  We expect to work with groups seeking external funding, e.g., the IODP bore hole effort, to properly scope the additional work.  

Additional deliverables include a Requirements and Concept review for the SIIS. Preliminary and Critical Design Reviews would be held for any elements of the SIIS developed under this internal project.  Our project team currently consists of Gene Massion (PM), Lance McBride (LE), Ken Johnson (LS) who we have included as an example of an instrument developing Scientist, Duane Edgington and Dan Davis who have been key players in the development of existing MBARI systems relevant to the SIIS.  Wayne Radochonski and John Graybeal have additional expertise we expect to take advantage of.  
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The overall plan for the MOOS mooring program in 2005 is to continue working toward a complete observatory system test in 2006. This test will be installing and operating a major science experiment that includes multiple seafloor instrument nodes (BIN’s) powered from and communicating with the surface buoy in real-time. The current site planned for the MOOS Science Experiment (MSE) is the Shepard’s Meander at the lower end of the Monterey submarine canyon.

The project has already made considerable progress towards this goal. The second MOOS Test Mooring (MTM#2) has been deployed since April 2004 with an Electrical-Optical-Mechanical (EOM) cable to the seafloor and the system has performed to design requirements with the exception of the cable floats slipping up the riser cable during deployment (more detail on this below). Data continues to be collected by the MMC/SIAM system from all of the onboard sensors and is archived and served by SSDS to users. Riser cable loads, optical attenuation through the riser cable and power system production are all being monitored. By the end of 2004 we plan on having the MTM#3 mooring deployed. This mooring is testing a novel Center Strength Member (CSM) cable design that is being developed by WHOI and Cortland cable. This approach is unproven and high risk but if successful could result in a cost reduction of 50% for the riser cable system by allowing a less expensive cable and eliminating the need for a “snubber” section to absorb wave energy. MBARI is providing the buoy, data monitoring and telemetry for this deployment with the direct costs and integration and deployment labor funded under the NSF grant.

There also has been considerable progress on the other infrastructure elements needed to construct and maintain a seafloor observatory. The surface power system has been completed and tested successfully on MTM and CIMT deployments. The 48 to 400 volt high efficiency DC-to-DC converter that provides power to seafloor installations over long cable runs has been completed. The MOOS Mooring Controller (MMC) has been completed and used on MTM and CIMT deployments. This controller is the hardware that forms a “MOOS Node” and provides the SIAM instrument interface both on the surface and on the seafloor. It is now available from TSD as a stock item. Several PUCK prototypes have been developed and tested on MTM and CIMT deployments. The first article “Benthic Instrument Node” (BIN) has been constructed and tested over a 10km cable run using the actual to-be-deployed benthic cable and associated hardware. In a related development the cable laying toolsled has been tested both on Ventana and Tiburon. The project planned on installing and cabling these elements together as a prototype observatory in August 2004 but has been forced to delay until the problems with the mooring floats are resolved and we can connect to the mooring base.

From an operational perspective there has also been considerable progress in acquiring the skills and developing the procedures for working around surface moorings. Ventana ROV dive operations to work at the base of the mooring, which were once considered too risky to attempt, have now completed on four occasions and we are learning much about techniques, tools and procedures necessary for supporting seafloor observatories. The 2004 plan of placing MTM#2 within Lobos/Ventana range and gaining experience working around moorings before attempting installations further offshore has been very beneficial.

The result of these efforts is that in spite of setbacks along the way, the MOOS mooring project is making consistent progress toward being able to deploy and maintain a sophisticated mooring based seafloor observatory and we are confident we can accomplish this once we’ve corrected the identified system shortcomings.

Our detailed plans for 2005 are to continue to make improvements in the overall mooring design while concentrating on the continued development of a robust riser cable system. In our testing and development program we have made enough progress to convince us that the overall MOOS moored seafloor observatory concept is technically feasible however significant work remains to complete the testing and refinement of the riser cable system to the level of full operational readiness by 2006.

In mechanical systems the major technical risk remains the riser cable survivability and we plan on continued laboratory and field-testing of prototype cable designs to ensure that we have the best candidate for the 2006 MSE deployment. To accomplish this we will work on developing and running cyclic fatigue tests on the cable test apparatus that has been constructed and installed in the high bay. This machine allows us to simulate field conditions but at an accelerated rate. We are also able to control for single variables such as minimum bend radius. These tests allow us to evaluate cable design refinements before we commit to purchasing a full cable length and conducting expensive field tests. We are actively collaborating with cable manufacturers and WHOI on improved cable designs and supported for cable development and testing work by an external NSF grant through Oct. 1, 2005. The primary goal is to provide a cable design that can survive for a reasonable deployment duration (specified as 3 years in requirements), however once this goal is accomplished, the laboratory test programs rapid test cycle will also allow us to relatively quickly evaluate the performance of cable cost reduction refinements. An example is the MTM2 cable currently in field test. Two designs were submitted from JDR Cable Company, one a proven four Vectran layer design and a similar but less expensive three-layer cable. The claimed performance was nearly identical for both types but lacking a cost efficient method of independently evaluating their performance we choose the more conservative – but more expensive – design.

In addition to the riser cable itself we have several additional technical design details that need further refinement to function as required or improve overall reliability. An example is the cable floatation system, which needs an improved clamping arrangement. Some areas targeted for improvement have not yet caused us problems but through our field tests and increasing knowledge of design techniques for long-term high reliability of deep submergence systems have been identified as potential failure points. An example of this is the snubber interconnection junction box. While this system has operated reliably to date it needs the addition of a redundant seal to ensure long-term survivability.

In electrical and monitoring systems we have addressed all of the major technical items needed to deploy and operate a moored seafloor observatory. We do however have a list of small revisions and improvements that are needed before MSE, for example improving the penetrator design for the Titanium BIN sphere and revising several minor circuit boards.

In software development that is captured in the MOOS mooring project we plan on providing node-to-node time synchronization at the operating system level, automatic fail-over for node-to-node optical communications and supporting the MMC embedded Linux operating system for MTM and CIMT deployments. The overall approach to continued hardware development is that , with the exception of the time synchronization and optical fail-over, the hardware and software set for MMC and the power system is complete and only minimal changes or improvements will be made as required for maintenance.

Revisions in the MOOS mooring program during 2003/2004 have occurred in several key areas from the original 2004 proposal plan of constructing all of the hardware for the MSE experiment during 2004.

a) to a longer then planned cycle of cable testing, specification and procurement after completing the failure analysis of MTM#1. Not deploying MTM#2 for the 2003/2004 winter field test season moved the completion of the MTM#2 field test to the spring of 2005 in order to experience severe winter conditions.

b) The deployment of MTM#3 has moved from spring to December 2004 due to delays in cable design and testing at WHOI.

c) The funds originally planned for completion of the three MSE BINs were used to:

· Construct the prototype BIN to deploy in 2004.

· Terminate the MTM#2 riser cable (this was contracted to ODI and was considerably more then originally budgeted.

· Cover shortfalls in power system and MMC construction funds created when the bulk of the production runs moved into early 2004 and we were not able to carry-over $36k in 2004 funds.


As a result of these actions the 2005 proposal re-requests funds for constructing 3 MSE BINs.

Specific Plans for 2005:

1. Riser cable system development.

a) We will operate a continuous laboratory test program using the cable test apparatus through 2004/2005. Work to be completed in 2004 is to:

· Qualify the WHOI cable design prior to ordering the long cable run for MTM#3 to verify the cable will perform at least as well as MTM#2.

· Predict the survivability of the MTM#2 test cable over the winter to inform the decision on leaving it out for the full deployment term or recovering it early.

b)  We will compare the results of laboratory tests with the post-recovery test results on the MTM#2 mooring cable and use these results to design and refine a standard test protocol that allows us to predict cable survivability in the field based on a laboratory test run. We will qualify cable designs for MSE and test the termination and floatation bending strain reliefs.

c)  We will redesign the floatation attachment method used on MTM#3. It is clear that the deployment loads on the floatation package are substantially greater then predicted and/or the clamping force during deployment is less then shown in laboratory tests. To better understand this problem we are empirically measuring the floatation drag coefficient under controlled conditions and re-testing the floatation cable clamp. This work should be completed in 2004 but may extend into early 2005.

d) If a decision is made to use an MTM#2 type of cable design we will order an additional set of snubber hose hardware for MSE and make minor design improvements in the snubber terminations. We will also test the snubber hose system on the laboratory cable tester to develop a lifetime prediction model.

2. Detailed design work for MSE. 

The overall system design and many major components for MSE are completed however detail design work needs to be completed in the flowing areas:

a) Mechanical design modifications to the BIN to provide penetrations for up to 12 science instruments and improve chassis accessibility.

b) Final design drawings for surface node and each BIN based on instrument list.

c) Completion of the node-to-node optical communications card, “Medusa” (see risk mitigation below).

d) Modifications to the 400 to 12 Volt power down converter to allow full subsea node electrical isolation on remote command.

e) Install multi-node time synchronization referenced to GPS time.

3. General system improvements and maintenance. 

a) Complete analysis of power and load data collected from MTM#2.

b) Revise power diversion regulator design (4 Watt power saving).

c) Design improved 400 to 12 Volt power down converter module to increase low power efficiency.

d) Upgrade MMC Linux to version 2.3.

e) Improve procedures for incoming MMC and power system printed circuit board firmware installation, testing, tracking and distribution by TSD.

f) Build software driver for the radio interface card to provide remote diagnostics.

g) Provide part interchangeability and open position latches for Solar Panel doors (OSG request).

h) Design short-can variant of MMC housing for supporting more then 12 instruments.

i) Complete three PUCK packaging functional examples and actively address any PUCK integration issues that emerge.


MOOS Mooring and high risk elements and risk mitigation plans.

(i) The risk of premature failure of the riser cable and/or floatation package due to environmental stress not predicted in the mooring design stage (requirements generation). As discussed in last year’s proposal, this risk is being addressed by the aggressive cable modeling/design and laboratory and field-test program; however it remains significant. Andy Hamilton’s work to derive bending angle with load predictions from the WHOI cable model is a major step forward in our ability to predict forces on the riser cable beyond simple tension. The installation of accelerometers on the cable and logging load data at 4 Hz on MTM#2 is also helping to validate the model calculations. As a result we are consistently upgrading and improving our requirements. We still have work to do here, for example we have not yet discovered the cause of the floats slipping up the cable on the MTM#2 deployment. Our underestimation of the drag on the floatation package and/or clamp force of the restraining device has been a significant setback. The instrument suite and logging capability we have on the MTM#2 test mooring is designed to give us a reasonable chance of determining the cause. The mitigation strategy would depend on our ability to determine the exact cause of failure and design around it. 

(ii) Premature failure of the riser cable due to the cable design and/or construction or floatation package not meeting requirements. As we learn more about the environmental forcing the cable experiences and improve our test program, both in the laboratory and at sea, we are improving the resolution and accuracy of our requirements. Better specified requirements and corresponding qualification tests improves our chances of discovering potential flaws in the cable or floatation design as early as possible in the development cycle. The cable itself is tightly specified with the onus on the vendor to satisfy the requirements of our application. Partial mitigation in this instance is our effort to test multiple cable designs from alternate vendors. Mooring turn-around times are lengthy and costly so a premature failure from any cause has substantial schedule and cost impact. We are making every effort to uncover cable design or construction flaws early in the cable design and procurement process.

(iii) Premature failure of the snubber assembly. The snubber assembly is a simple concept for absorbing vertical wave energy in buoy systems, however its successful application requires careful design and manufacturing work using fiber rope technology, optical cabling and rubber extruding and laminating technology. Our risk mitigation plan has three elements. First we have been working very closely with the developers of the technology (Walter Paul at WHOI and three separate manufacturers) to perfect the design. Secondly we are testing extensively both in the laboratory and at sea to uncover any design or manufacturing flaws. Finally we are trying to keep spare units for each required element so a defective part can be readily exchanged with minimum schedule impact. The failures we have experienced to date have been traced to manufacturing flaws and we have improved our testing protocol to eliminate them early in the manufacturing process. We have used snubbers on both MTM#1 and MTM#2 and extended the length of the snubber section on MTM#2 to improve mooring performance so we are now short on spares. A request for additional units is included in the 2005 budget request.

(iv) Undiagnosed failure of the observatory system during installation or operation. Our experience over the past year preparing for prototype BIN deployment and seafloor cable laying as well as undertaking several unsuccessful operational missions to the base of the mooring have forcefully reminded us of the harshness of our operating environment, the risk to equipment and the cost in dollars and human effort to engage in observatory installation and maintenance. For example placing a BIN on the seafloor and actively laying cable from the base of a mooring is a multi-day operation that deploys equipment with great value. There is great difficulty of repair once the system is in place and without the proper tools and procedures even just diagnosing a problem could require the recovery of portions of the observatory, with the distinct possibility of irreversible damage during the process, for example damaging the Benthic cable during re-spooling. For this reason each step in the installation of a seafloor observatory must be incrementally testable for proper operation during the installation process. The allows the faulty installation step to be either immediately rectified or reversed without requiring subsequent mobilizations or disturbing other non-failed parts of the system. For example after connecting an EOM benthic cable connector to the base of the mooring you must be able to actively verify the optical and electrical functionality of the connection before laying several kilometers of seafloor cable. The MOOS mooring system has been designed with the diagnostic functions to support extensive fault diagnoses and isolation. An example is the active ground fault detection function. The multi-node optical communications card for the MMC, “Medusa” has been designed with active diagnostics and automatic fail-over to parallel optical circuit capability that is not provided in suitable off-the-shelf units or simpler circuit designs. To take full advantage of these remote diagnostic tools requires an optical/electrical connector port on the installation ROV compatible with the observatory type and a loop back connector on the end of the benthic cable. These items and the resources to design the appropriate fixtures are requested in the budget.

(v) Failure to meet the time-base distribution requirements. Our requirement is to have 10-millisecond clock accuracy at any optically or electrically connected node in the MOOS network. If we fail to meet this requirement then we will have to reduce system clock accuracy. Each instrument that requires 10-millisecond accuracy will then have to provide it’s own local time source. The primary impact is on seismic work.

(vi) Failure to meet hardware electrical low power consumption targets. Our goal is to have 90% of the delivered power available for scientific instruments. This requires that all observatory infrastructure functions such as data logging and communications use 10% or less of the total delivered power. If we fail to meet this target it will reduce the available science power by a like amount, reducing the number of sampling systems and/or sampling rates. The preliminary data from the CIMT deployment is that the infrastructure is using about 18% of the available power. We continue to make efficiency improvements but do not see power consumption as a make-or-break issue for MOOS.

(viii) The risk of bankruptcy of Globalstar Communications Company, our over-the-horizon communications service provider. We continue to actively test a communications system using the Iridium satellite constellation as an alternate service provider in case of disruptions in Globalstar service. Switching to Iridium would have some cost and data throughput penalty. MTM#1 and #2 field results show the Globalstar satellite link to be extremely robust and reliable. Globalstar LLC has been refinanced and appears solvent for the next several years.

MOOS mooring critical dependencies on other projects.

The MOOS mooring project continues to be closely linked to the development of the "deployed" and "operational" software systems developed in the SIAM project and to the "shoreside data system" or SSDS project. Failure of these projects to meet their requirements on the proposed timeline directly impacts the functionality of the mooring system however, experience to date with the MTM#1, #2 and CIMT deployments has been that the MOOS mooring, SIAM and SSDS projects are able to work in a dynamic well-coordinated fashion together and each project's dependencies were respected and met with "best effort".

The ability to deploy BINs accurately and safely in depths of 3200 meters is critical for the overall program success as is the ability to reliably lay seafloor cable between them. Developing and testing this capability is part of a separate "Tiburon cable laying toolsled testing " and "Canyon Dynamics" projects. Both of these efforts have been moving forward steadily and cable laying has been successfully demonstrated on both Ventana (<1400 meters) and Tiburon (3200 meters). BINs have been successfully deployed by the Western Flyer at Shepard’s Meander in 3200 meters depth.

MOOS Mooring 2005 deliverables.

(i) Mooring based observatory system mechanical hardware for use in 3200 meters of water at the MSE target site. At the end of 2005 the OEM mooring system hardware will be complete, including seafloor BIN hardware and interconnect cabling, and ready for final scientific instrument and software integration.

(ii) Power generation system that will provide 30 Watts from buoy solar and wind energy collection.

(iii) A fault tolerant power system with remote diagnostics capable of delivering up to 100 Watts to the seafloor (low power source will be 30 Watts).

(iv) Mooring controller (MMC) hardware and communications network that operates as a network that includes one surface and three benthic nodes.

(v) Optical communications for connecting separate MOOS host nodes up to 10km apart.

(vi) Electrical and communications infrastructure to support over-the-horizon deployment up to 300km from shore.

(vii) Test equipment and operational procedures to allow the orderly installation and remote maintenance of the observatory with a minimum of on-site expeditions and ROV intervention missions.

MOOS Mooring Core Engineering Team. 

Mark Chaffey (project manager, co-lead engineer), Andy Hamilton (co-lead engineer), Jon Erickson, Mike Kelley, Lance McBride, Ed Mellinger, Tim Meese, Wayne Radochonski.

Appendix B: Vertical Profiler
Project Manager: Andy Hamilton

For 2005, the objectives of the MOOS Vertical Profiling project remain focused on providing profiling capabilities needed for the 2006 Shepard Meander experiment while simultaneously developing the equipment necessary to provide both deep-water and near-surface profiling capabilities for MOOS in general.  This is being done by integrating commercially available products into the MOOS system.  This does require some MBARI engineering development and integration, but at a level far below the development of a new profiling system.  This proposal outlines the state of progress on these efforts and the work required in 2005 to be ready to deploy the needed systems for the 2006 Shepard Meander experiment.  The engineering development proposed ranges from completing shorter term needs such as data telemetry from these systems, to longer term efforts investigating the feasibility of power-transfer systems to these profilers that would take advantage of the MOOS/MARS infrastructure.  In all cases, deployments proposed for 2005 are designed to serve two purposes; 1) to test specific profiling hardware and systems needed for the Shepard Meander experiment and the MOOS system in general, and 2) to contribute some scientific value to the 2005 MOOS Science Experiment, as described elsewhere in the MOOS proposalFor 2005, the objectives of the MOOS Vertical Profiling project remain focused on providing profiling capabilities needed for the 2006 Shepard Meander experiment while simultaneously developing the equipment necessary to provide both deep-water and near-surface profiling capabilities for MOOS in general.  This is being done by integrating commercially available products into the MOOS system.  This does require some MBARI engineering development and integration, but at a level far below the development of a new profiling system.  This proposal outlines the state of progress on these efforts and the work required in 2005 to be ready to deploy the needed systems for the 2006 Shepard Meander experiment.  The engineering development proposed ranges from completing shorter term needs such as data telemetry from these systems, to longer term efforts investigating the feasibility of power-transfer systems to these profilers that would take advantage of the MOOS/MARS infrastructure.  In all cases, deployments proposed for 2005 are designed to serve two purposes; 1) to test specific profiling hardware and systems needed for the Shepard Meander experiment and the MOOS system in general, and 2) to contribute some scientific value to the 2005 MOOS Science Experiment, as described elsewhere in the MOOS proposal
objectives of the MOOS Vertical Profiling project remain focused on providing profiling capabilities needed for the 2006 Shepard Meander experiment while simultaneously developing the equipment necessary to provide both deep-water and near-surface profiling capabilities for MOOS in general.  This is being done by integrating commercially available products into the MOOS system.  This does require some MBARI engineering development and integration, but at a level far below the development of a new profiling system.  This proposal outlines the state of progress on these efforts and the work required in 2005 to be ready to deploy the needed systems for the 2006 Shepard Meander experiment.  The engineering development proposed ranges from completing shorter term needs such as data telemetry from these systems, to longer term efforts investigating the feasibility of power-transfer systems to these profilers that would take advantage of the MOOS/MARS infrastructure.  In all cases, deployments proposed for 2005 are designed to serve two purposes; 1) to test specific profiling hardware and systems needed for the Shepard Meander experiment and the MOOS system in general, and 2) to contribute some scientific value to the 2005 MOOS Science Experiment, as described elsewhere in the MOOS objectives of the MOOS Vertical Profiling project remain focused on providing profiling capabilities needed for the 2006 Shepard Meander experiment while simultaneously developing the equipment necessary to provide both deep-water and near-surface profiling capabilities for MOOS in general.  This is being done by integrating commercially available products into the MOOS system.  This does require some MBARI engineering development and integration, but at a level far below the development of a new profiling system.  This proposal outlines the state of progress on these efforts and the work required in 2005 to be ready to deploy the needed systems for the 2006 Shepard Meander experiment.  The engineering development proposed ranges from completing shorter term needs such as data telemetry from these systems, to longer term efforts investigating the feasibility of power-transfer systems to these profilers that would take advantage of the MOOS/MARS infrastructure.  In all cases, deployments proposed for 2005 are designed to serve two purposes; 1) to test specific profiling hardware and systems needed for the Shepard Meander experiment and the MOOS system in general, and 2) to contribute some scientific value to the 2005 MOOS Science Experiment, as described elsewhere in the MOOSIn 2004, the MOOS vertical profiling project has deployed a commercially available deep water profiler (McLane MMP) at Shepard Meander as part of the Paull/Barry experiment at that site.  A cruise in October, 2004 is scheduled that will service the profiler and recover the logged data.  This will be the first opportunity for MBARI to assess the scientific value of data obtained from the McLane profiler.  Also in 2004, the project has worked with Brooke Ocean Technology (BOT) to add telemetry capabilities to their “SeaHorse” profiler, which is wave powered and well suited for use near the surface.  Contracting BOT to do the bulk of this development work has appeared to be the most cost effective, and will result in a commercially supported product that meets many of our needs.  This unit will be delivered to MBARI in October, 2004, deployed in November 2004, and should provide final validation that this promising unit will perform as hoped.  The telemetry component of this system has been kept as simple as possible in 2004, and will require some development work in 2005 to integrate with SIAM/SSDS and realize the features desirable in the MOOS system.  
Deep Profiling

For the deep water case, the manufacturer (McLane) now has an inductive communications link integrated into the profiler hardware and software, but does not offer the hardware required to interface the other side of the link to the MOOS/MARS infrastructure.  Paull/Barry have requested funds for a second McLane MMP as part of the MOOS Science Experiment budget to make a continuous profiling presence at Shepard Meander more realistic from an operations point of view.  The Vertical Profiling project suggests that this second unit be purchased with the telemetry option (the cost of this is covered by the amount requested in the MSE budget).  Equipped with such a unit, the Vertical Profiling project will develop the necessary hardware, cables and connectors to interface with the MOOS sub-sea hardware and software infrastructure.  Testing of this telemetry connection can take place in the test tank when the unit enabled with telemetry is ashore, providing a tested system ready for deployment in early 2006 as needed by the Shepard Meander experiment.  As mentioned in the earlier abstract, there is a University of Washington group working on integrating the telemetry and power transfer features into the McLane profiler.  They do not appear to be making rapid progress, and since McLane Research Labs has implemented the telemetry link, it appears sensible to utilize the vendors telemetry link and hold out hope that the U of W group will tackle the harder power transfer problem.  

Upper Water Column Profiling

For the near-surface profiling needs, the SeaHorse profiler from BOT continues to be the leading candidate for this application.   By early 2005, results from this winters deployment should confirm the suitability of this unit for our application and demonstrate near real-time data offload from the profiler.  Development work required to realize the goals for near-surface profiling in 2006 can be separated into the mooring testing required to ensure success in the deep water environment of the Shepard Meander experiment and software work required to complete bi-directional communication features required to modify the profiling schedule during a deployment.  The small mooring/float being developed this year to support the SeaHorse deployment near the CIMT mooring is being designed with the intention that it will also be suitable for deployment in deep water by utilizing a different mooring line configuration.  Before we can confidently deploy in a science experiment at Shepard Meander, it’s important to have at least one deployment of this system in deep water. It is proposed that a second SeaHorse profiler and mooring float be deployed nearby the M1 mooring.  In addition to providing the needed field test in deep water, the effects of bio-fouling on the system in this water depth will be tested and the scientific value of the data obtained by the system can be compared to the existing inductive CTD string that is currently used on the M0/M1/M2 moorings.  This is a very important comparison to make before a decision about replacing the discrete CTD’s on these mooring systems with a profiling system can be made.  That decision impacts the nature of the measurements in the long-term time series, trading spatial resolution for temporal resolution.  

The request for a second SeaHorse profiler and mooring float is made with the intention that this will allow the profiler purchased in 2004 to spend most of 2005 at the CIMT site, collecting data needed for the engineering development of this system within MOOS as well as contributing to the science of the CIMT mooring site.  Having two units at MBARI and separating the deployments at the deep-water site (M1) and the CIMT site is operationally more realistic than sharing one unit between these two field deployments.  Profiling capabilities remain important within the MOOS system and a second unit will produce significant field experience with these units in 2005.   Furthermore, similar to the situation with the McLane profiler, keeping a one-year presence at Shepard Meander in 2006 with a single battery-operated instrument is operationally difficult and purchasing a second unit in 2005 helps to build up the equipment needed for the Shepard Meander experiment in 2006.  Funding is requested in this proposal for the ideal situation of a complete second unit, including buoy controller and telemetry options. A de-scoping option which eliminates the controller and telemetry hardware is also included.  In this case one of the two systems would need to be deployed in a “dumb” mode, profiling and logging data for later retrieval. 

The SeaHorse telemetry system as developed in 2004 is currently limited to data-to-shore transfers and has no capability to modify the profiling schedule and deployment parameters.  To implement this bi-directional communications with the profiler, software work on the profiler system is required  but the hardware development done in 2004 supports these features without modification.  In order to couple these capabilities closely to MOOS, the suggested path is to develop communications between the profiler mooring and a main MOOS/MOOS-Lite Mooring, leaving the development of direct-to-shore satellite communications from the profiler float aside for now.  This suggestions is driven by the presence of this MOOS platform at the Shepard Meander site in 2006, the simplicity in the profiler mooring design this allows, and the possibility of modifying the profiler schedule autonomously from event-detection decision-making within the SIAM infrastructure.  Software features required in the profiler itself are best contracted to the manufacturer, leaving all software work required at MBARI to be done within the SIAM infrastructure.  There is some similarity between the instrument services that would need to be developed by the SIAM group for both the near-surface profiler system and the McLane deep profiler system.  This effort and required resources are scoped within the SIAM section of the MOOS proposal.   

Profiler Battery Charging

The reliance on batteries on board the profilers requires periodic servicing, limits the profiling frequencies attainable and is the main limitation to truly long-term deployments of these profiler solutions.  Most thinking to date has concentrated on power transfer mechanisms to re-charge the on-board batteries from energy available from solar collectors or sub-sea networks.  As mentioned in the original abstract, there is a University of Washington group working on an inductive power coupling that will allow the McLane profiler to re-charge from a sub-sea power source.  

The wave-powered nature of the SeaHorse profiler presents a novel possibility of converting wave motion to electrical energy on board the profiler, eliminating the need for a power transfer mechanism.  The SeaHorse profiler uses the mooring wire motion to ratchet itself downward and uses no power to motivate itself, all on-board battery power is used to power instruments.  The profiler is ballasted about six pounds buoyant, and simply floats to the surface during its data collection phase of each profile.  In all but the calmest sea states, this profiler has demonstrated an impressive ability to climb down the wire in spite of being six pounds buoyant.  Every additional pound of buoyancy that the ratchet mechanism can carry down the wire represents a potential energy source of 500 Joules for a 200m profile depth.  If this energy can be converted to electricity efficiently, it is possible that this energy source would be sufficient to power the profilers instruments and eliminate the need to re-charge the batteries from an external source entirely.  Currently, estimates of instrument power usage indicate that the ratchet mechanism would need to be capable of operating with an additional three pounds of buoyancy in the profiler.  Because additional profiles would increase the energy available, there is no reason to pause between profiles and measurements could be done continuously except in the calmest conditions. This approach requires considerable development and for 2005 it is proposed that the feasibility of this approach is studied carefully, including tests of the profilers ability to submerge additional buoyancy by wave action.   Resources for materials and machine shop time are requested to enable prototyping and testing of appropriate energy extraction devices. 

Field Program

Ship time and personnel support for two separate deployments of the SeaHorse profiler is requested in this proposal, one for supporting the presence of a SeaHorse profiler at the CIMT site and one for deploying a SeaHorse profiler near the M1 mooring.  The deployment at the CIMT site entails periodic Zephyr visits to the site for deployment/servicing/recovery of the profiler and four Zephyr days are requested for this purpose.  The deployment at M1 may require the Pt Sur for deployment and recovery, along with two servicing trips aboard the Zephyr.  It is possible that this system will be deployable from a less costly vessel such as the Shana Rae, and this is listed as a cost-saving option.  

The McLane deep water profiler is to be serviced during Western Flyer trips to the Shepard Meander site.  This ship-time is requested elsewhere and the Vertical Profiling project only requests personnel resources for participating in these cruises (10 days).

Specific deliverables and task-list with personnel resource estimates.
a) Integration of the SeaHorse and McLane real-time data streams into the SSDS system.

· Data reduction algorithm development: 15 Days ME time (Hamilton).

· SSDS data ingress work: 15 Days SE time (SSDS development engineers)

b) Development of required sub-sea hardware for MMP telemetry link and test tank testing with data flowing through to SSDS.  Result is ready-to-deploy system at the start of 2006.

· Sub-Sea electronics housing development – 12 Days ME time.

· Sub-Sea electronics integration, cabling specification and purchase – 12 Days EE time.

· Test tank deployment – 3 days ME, 3 days EE, 2 days ME/EE Tech.

c) Addition of bi-directional communications capabilities to the Seahorse profiler and solar battery re-charging equipment to the profiler float to enable longer deployments.

· Software behavior specification to commercial vendor:  5 days ME time (Hamilton).

· Solar-panel specification and integration to buoy power system:  5 days ME time, 10 days EE time.

d) Deployment of SeaHorse upper-water-column profiler mooring in deep water near M1.  

· Buoy controller integration:  10 ME days, 10 EE days, 10 SE days, 10 EE Tech days.

· Deployment/Recovery:  2 ME Days, 2 OSG days. 

e) Servicing and Recovery of SeaHorse profiler deployed at CIMT Site

· Required Zephyr trips:  4 ME days (Hamilton) + 4 OSG days.

f) Wave-energy extraction feasibility study.

· Test hardware development to estimate limits of profilers ability to submerge additional buoyancy.  10 Days ME. (5 days Hamilton + 5 ME)

· Energy Extraction hardware prototyping and testing – 20 Days ME (10 days Hamilton + 10 ME).

i) Project Management and Documentation.

· 10 Days ME time (Hamilton)

Budget

Capital Expenses:

- SeaHorse Profiler with Instrumentation and Telemetry ($65,000)  For deployment at M1 site.

- Benthos Acoustic Mooring Release ($14,000) required for deep-water mooring.

Equipment and Supplies:


- Inductive Modem Hardware ($3000)  For integration of McLane profiler telemetry

- Penetrators and cables  ($2000)  For Mclane MMP subsea telemetry unit

- Under-Water Mateable Connector Pair ($7500) For MMP connection to subsea network.

- SeaHorse Stoppers ($2000)  Needed for deep water mooring.

- Materials for second profiler mooring float ($10,000)  Foam, metal materials, radios, lights, etc.

- Spare SeaHorse Battery Packs ($2000)  Needed for profiler servicing.

- Oasis 3 Mooring controller ($10,000)  For use with SeaHorse profiler in deep water.

-  Mooring Components ($8000)  For at-sea and test tank deployments: Wire-Rope, Shackles, etc.

- Subsea Housing Materials ($1500)  For Mclane MMP telemetry subsea pressure vessel and chassis

- Materials for Energy Extractor Prototype ($2000)  Materials for building/testing prototype.

- Misc. and Contingency Funds  ($5000)  For those things that always come up.
Outside Services:

- Instrument Calibrations ($1500) Needed when instruments are turned around and to assess bio-fouling effects.

- 2 Days Pt Sur ($22400)  Needed for deep water deployment/recovery

- Brooke Ocean Technology NRE ($25,000) For implementation of two-way communication features and instrument integration. 

Travel

- 2 Trips ($4000)  For vendor visits and/or conference attendance.
Milestones
	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Date
	Q1
	Q3
	Q2
	Q2
	Q4
	

	Milestone Description
	Integration of real-time date from SeaHorse and McLane profilers into SSDS.  Deliverable #1.
	Test tank demonstration of McLane profiler data telemetry.  Deliverable #2.
	Addition of bi-directional communications to SeaHorse plus buoy controller and solar charging integration.  Deliverable #3.
	Deep-water deployment of SeaHorse mooring at M1 Site. Deliverable     # 4+5.
	Report on feasibility of wave-energy extraction on-board SeaHorse. Deliverable #6.
	

	EE
	
	15
	10
	10
	
	35

	SE
	15 (SSDS)
	
	
	10
	
	25

	ME
	15 (Hamilton)
	15
	10
	16
	30
	86

	Machine Shop
	
	
	5
	15
	10
	30


Descoping Options

Delay purchase of under-water mateable connectors until they’re needed in 2006.  This requires an implicit approval of these funds in 2006 to make the effort in 2005 worthwhile.  (-$7500)

Use the R/V Shana Rae instead of the Pt Sur to deploy/recover the SeaHorse profiler at the deep-water site.  If this proves not possible for operational reasons, the deep-water deployment could conceivably be moved to the Shepard Meander site with a deployment from the Western Flyer as part of planned Paull/Barry cruises to that site.  (-$20,000)

Hold off on bi-directional communications/control to the SeaHorse profiler, being content with simple data downloads. (-$25,000)

Purchase the second SeaHorse system without buoy controller and telemetry options (-$15,000) This unit would then need additional components in 2006 for use in the Shepard Meander experiment.

Appendix C: SIAM

Project Manager: Tom O’Reilly

SIAM goals and approach 

Several successful deployments in 2004 demonstrated SIAM "plug-and-work" functionality and self-describing instrument streams. In 2005, the SIAM team proposes to extend and refine these capabilities, to develop further functionality required for the Shepard Meander Experiment, and to further simplify pre-deployment instrument service development and puck configuration. 

The team also proposes to implement an instrument with "embedded" puck functionality, thus enabling plug-and-work functionality without the need for external puck device or connectors. 

The SIAM team will continue to utilize and refine the "rapid prototyping" approach and close collaboration with Science and Operations users; we believe that this approach helps to ensure that team produces software which is truly useful and usable.

Requested resources
SIAM is requesting a total of 312 days of software engineering time.

The following individuals are requested as SIAM software engineering resources in 

2005:

· Tom O'Reilly: O'Reilly has been involved with architectural design of SIAM for several years, and has managed the SIAM project for the past two years.

· Dan Davis: Davis has also been a key designer of the SIAM architecture, particularly the areas of metadata schema design and development of user tools.

· Kent Headley: In addition to providing crucial effort on design and implementation of SIAM, Headley is also key in ensuring successful transition to operational status.

· Mike Risi: Risi has also been a key implementer of SIAM infrastructure, and designed and implemented the puck protocol and firmware.

· Kevin Gomes: As a lead SSDS designer and implementer, Gomes has collaborated closely with SIAM on metadata design and other datastream design issues. This year Gomes would like to contribute to development of onboard SIAM software components.

· Brian Schlining: Schlining has worked on many Java systems at MBARI, and would be very valuable as a Java programmer for various SIAM tasks.

The tasks are not listed in priority order. However, tasked are grouped some of them into tasks that I believe must be completed for the Shepard's Meander Experiment, tasks required before handover to OSG, instrument puck tasks, and miscellaneous tasks. 

A Required for Shepard's Meander Experiment:

1. Demonstrate autonomous event detection. 

Collaborate with science to define first autonomous event detection experiment, leading to deployment on Shepard's Meander Experiment in 2006. Explore strategy for distributing detection algorithms between deployed nodes and

shore. 

Resource: 20-30 days, Q2 (Headley, O'Reilly)

Collaborators: MOOS Vertical Profiler (900434), CIMT? (900303)

Risk: Autonomous event detection is not yet well-defined; aim is to

keep scope fairly small for 2005.

2. SIAM profiler services for McLean and Seahorse profilers.
Develop capability for remote and autonomous control of profilers. 

Resource 5-20 days, Q3 (O'Reilly)

Collaborators: MOOS Vertical Profiler (900434)

Risk: Two-way communication protocols/media/implementation not yet

defined by profiler vendors

3. Multi-node power management. 

Required for Shepard's Meander experiment in 2006.  Subsea node wake schedules must be coordinated with surface node for telemetry to shore. Note that this task is not the same as  Herlien's "Phase 2" power management. 

Resource: 10 days, Q1 (O'Reilly)

Collaborators: MOOS Mooring (600027), CIMT? (900303)

Risk: We assume that Herlien's "Phase 1" power management is sufficient for power conservation on individual nodes, and that adaptation to multimode system entails coordination of communication with surface wireless link. 

It is possible that there is more complexity here.

4. "Data snapshot" capability. 

Implement capability to log high-bandwidth data for later retrieval over high-speed link, while returning "summary" over low-speed link (currently all logged data is returned over low-bandwidth link). 

Resource: 10 days, anytime (Davis)

5. Define ESP instrument service functionality for Chris Scholin, in preparation for 2006 implementation. 

Resource: 5 days, anytime

Collaborators: ESP (900312)

6. BIOSA prototype instrument service for Zbignew Kolber. 

Software effort depends on remote control functions desired, TBD 

Resource: 5-15 days, Q4?

Collaborators: BiOSA (900392)

Risk: has ethernet interface rather than serial interface,

requiring This instrument extension to SIAM instrument framework.

B Required before transition to OSG:

7. Shore-based tools for puck configuration. 

Puck configuration is currently very "proto-typical" - several manual steps required, instrument services not rigorously archived. Will collaborate with SSDS to simplify puck configuration, make the process more fool-proof.

Resource: 15-20 days, Q1 (Davis, O'Reilly)

Collaborators: SSDS (600031)

8. Enhance node configuration tool. 

Include setup of "virtual"pucks, subnode characteristics, communicaton links, etc. 

Resource: 10 days, anytime (O'Reilly) 

9. Improved device coordination between instruments and pumps, shutters. 

Implement easy way to associate instruments with pumps and shutters. 

Resource: 5 days, Q1

C Embedded instrument pucks

10. Work with instrument manufacturer to implement "embedded" puck prototype.
Will demonstrate commercial effort required to implement puck protocol within an instrument. 

Resource: 15 days, anytime (Risi, O'Reilly)

Collaborators: External instrument manufacturer

Risk: Dependence on instrument manufacturer's schedule, budget, etc

11. Implement embedded puck on MBARI's "P2" serial ADC, 

which is currently used in the MOOS power can. This effort will augment the collaboration with commercial vendor in the previous task. 

Resource: 15 days, anytime (Risi)

D Miscellaneous yet important tasks:

12. Complete state tracking. 

Instrument and service state is currently added to data stream on service startup, and programming of this step is not as straightforward as it could be. Will simplify state object creation and extension, add service "hooks" to detect state change and add updated state object to data stream.  

Resource: 10 days, Q1 (O'Reilly)

Collaborators: SSDS (600027)

13. Simplify instrument service software development. 

Goal is to make it even easier to develop instrument services. May include "forms-based" specification of service behavior, enhancements and simplifications of instrument service "application framework".

Resource: 10 days, anytime

14. Improve efficiency of Globalstar usage 

Resource: 5 days, anytime

15. Support for Medusa optical diagnostics 

Resource: 2 days, Q1?

Collaborators: MOOS Mooring (600027)

16. Eddy flux instrument services for deployment on MTM BIN; 

position service, Nortek (+ analog) service, ISUS service (already written).

Resource: 10-20 days, Q1 (O'Reilly)

Collaborators: Benthic eddy flux (900507)

Risk: Not clear if enough physical serial penetrations available on BIN. If

not, may require more creative multiplexing solution.

17. Enhance node GUI, 

for "live" access to node; open/close switches, check environmental, etc. 

Resource: 5 days, anytime

18. Miscellaneous bugs and enhancements, various levels of criticality 

Resource: 30 days, anytime

19. Trouble-shooting document 

Resource: 15 days, anytime

Appendix D: NSF Sensors Project

For some time, MBARI has been applying state-of-the-art technologies, including distributed object, smart-network, plug-and-work, and XML, to create a uniform software infrastructure to support the development, deployment, and operation of its MBARI Ocean Observing System (MOOS), a mooring based, deep ocean observing system. The goal has been to simplify the problems of configuring, interfacing, and controlling instruments in networked observing systems, as well as simplifying access to, and management of, the data coming from such systems. This work has primarily focused on mooring based systems with potentially intermittent and limited bandwidth, as well as limited power.  

The specific goals of this new NSF SENSORS project are to analyze the infrastructure requirements for cable based coastal systems, use this to modify and adapt the infrastructure developed by MBARI for mooring based systems, and prototype and test the feasibility of this infrastructure for Monterey Accelerated Research System (MARS), a cable based system to be deployed in Monterey Bay in 2005.  

The testing program proposed here, and the involvement of instrument manufacturers, users, and observatory developers at other institutions, is structured to ensure that development of the instrument infrastructure is responsive to community needs. The work proposed here would solve key interfacing and data management problems by making the interface problem a part of instrument development rather than an installation problem, and by handling existing off-the-shelf instruments in a straight-forward, easy manner.  

The WBS for the project in 2005 

Task 1.  Develop prototype implementation plan for revisions to MOOS/SIAM to address requirements for MARS as recommended by the SENSORS Infrastructure Workshop.  (Results of Workshop will be presented at a Conference). Hold reviews of plan.

Task 2. Begin development of MARS sensor infrastructure prototype.


(depends on availability of SIAM developers relative to SIAM schedule)

Task 3. Begin lab testing of prototype


(depends of hire of postdoctoral fellow, or engineering tech) 

Task 4. Deploy prototype on MARS test bed. 


(Depends on deployment of MARS hardware infrastructure)

(depends on availability of SIAM developers relative to SIAM schedule)

Task 5. Test deployed prototype


(depend on deployment and availability of MARS infrastructure and sensor data)

Task 6. Document test results, present results at a conference, and prepare for Workshop II. 

Schedule

Q1 - Task 1, Task 2

Q2. - Task 3

Q3. - Task 4, Task 5.

Q4. - Task 6.

Labor Resources: 

(40d, Tom O’Reilly only internally supported resource being requested)

Task 1. - SE (Dan Davis, 10, Tom O’Reilly, 5)

Task 2. -  SE (Tom O’Reilly, 20), SE Tech (TBD)  

Task 3. -  SE (Tom O’Reilly, 10 ) SE Tech (TBD), Intern

Task 4. -  SE (Tom O’Reilly, 5, SE Tech (TBD), Intern

Task 5. -  SE Tech (TBD)

Task 6. -  SE Tech, SE (Dan Davis, 10)

Project Management - PI (Duane Edgington, 40), PM (Dan Davis, 20)

Critical Dependencies.

Much of the plan depends upon the recommendations of the SENSOR Infrastructure Workshop I, which is unknown at this time. 

Another major dependency is the progress of the MARS deployment. The above plan assumes that the deployment will take place by no later than Q3. 

A third major dependency is that Tasks 3, 4, 5, 6 assume that hire will be made for someone to do testing as well as assist in some development.

Critical Decision Points
Q1. Based on the Workshop recommendations can MOOS/SIAM be modified to create a viable prototype for MARS?

Q3. Has MARS been deployed and can deployment of the prototype proceed?

Internally Requested Resources
Supplies (parts, cables, custom assemblies,  puck prototype hardware, circuit boards, test equipment)

                                                                                

  $20,065

Travel 


PI travel for presentations at conferences
            $1500


Travel for MARS collaborators to MBARI 760

$5000


Travel for SE and SE Tech to Conference

$3000

Deliverables

1.
MARS SENSOR Infrastructure Prototype

2.
Test results on prototype

3.
Conference paper on Workshop

Appendix E: MOOS Shore Side Data System

Project Manager: John Graybeal

Multiple MBARI platforms and instruments use SSDS, collecting, archiving, and presenting data for science, engineering, and educational users. As it begins transitioning from a developmental to operational focus, new opportunities must be balanced with follow-on and transitional development tasks.  We propose SSDS activities in three categories: operational support; core functionality completion; and new development and data set management.

For core functionality completion, the following ongoing or promised capabilities will be brought to full operational status:

· complete data subsetting and merging,

· simple metadata entry using constrained names,

· simple and some advanced query capabilities (for data and metadata), and

· completing several data ingest and access interfaces.

At least two user workshops will be held to choose and specify the most important data access interfaces to add or improve. The results of these workshops will also be used in planning the operational support tasks below.

For operational support, SSDS must be carefully reviewed and upgraded to meet the needs of multiple operational users (and to allow support by a small set of support staff). In addition to the two user workshops described above, one operations team review and one engineering team review will be held at the beginning of the year to identify the most critical operational and developmental support issues.  Operational tasks will include:

· operational support for existing data streams (CIMT, MTM, and AUV CTD),

· reorganizing and bulletproofing code,

· simplifying certain operational tasks,

· validating status of stored data and metadata,

· user and developer documentation, and

· public outreach (leading toward wider use of software)

For new development and data set management, we will support a new data system, integrate a new data set, and add new features:

· AOSN data set management (existing netCDF files),

· tighter integration with multiple visualization tools.

· SIAM interface work

· support dynamic state management

· improve instrument description (XML) authoring and associated instrument verification

· store, process, and forward events

· enhanced metadata functionality to better support

· geospatial queries (indexing min/max values for database lookup; referencing key geospatiotemporal data items)

· quality control initiatives

· evaluate security requirements

In addition, we will develop basic capabilities in support of manual and automated quality control processes for data streams collected by SSDS. We have the agreement of several key scientists—Ken Johnson, Francisco Chavez, Jim Barry, Chris Scholin, and John Ryan—to form an advisory group, which will guide our work in this area. The quality control infrastructure will also be targeted to support future investigations into automated quality control algorithms, and Dan Davis will provide expertise in this area.

We note that at least two other proposals will take advantage of SSDS capabilities for existing data sets, or use it in other demonstrations:

· NSF/IOOS Marine Metadata Interoperability / Demonstration [external], and 

· EARTH [internal]

The first proposal, if funded, will provide a one-year position that will help improve SSDS use of metadata and interoperation with other data systems. Other proposals are also expected to build on existing SSDS capabilities.

1. Work Breakdown Structure (WBS) for SSDS for 2005 

	#
	Work
	Scheduled Quarter

 1    2    3    4
	Resources Needed (days)

	CORE FUNCTIONALITY
(190 days)

	1
	complete data subsetting and merging
	X
	
	
	
	20

	2
	simple metadata entry using constrained names
	X
	X
	X
	
	50

	3
	simple and some advanced query capabilities (for data and metadata),
	X
	
	X
	X
	40

	4
	completing several data ingest and access interfaces
	X
	X
	X
	X
	80

	OPERATIONAL SUPPORT
(120 days)

	5
	operational support for existing data streams (CIMT, MTM, and AUV CTD)
	X
	X
	X
	X
	25

	6
	reorganizing and bulletproofing code
	X
	
	
	X
	40

	7
	simplifying certain operational task
	X
	X
	
	
	20

	8
	validating status of stored data and metadata
	
	
	X
	X
	10

	9
	user and developer documentation
	
	
	
	X
	15 + 
        20 ITD

	10
	public outreach in preparation for wider use and distribution
	
	X
	
	X
	10

	NEW DEVELOPMENT and DATA SET MANAGEMENT
(215 days)

	11
	AOSN data set management (existing netCDF files)
	
	X
	X
	
	25

	12
	tighter integration with multiple visualization tools
	X
	
	X
	
	25

	13
	SIAM interface work
	
	
	
	
	

	13.1
	support dynamic state management
	X
	X
	
	
	15

	13.2
	improve instrument description (XML) authoring and associated instrument verification
	X
	X
	
	
	15

	13.3
	store, process, and forward events
	
	
	X
	
	10

	14
	enhanced metadata functionality to support
	
	
	
	
	

	14.1
	geospatial queries (indexing min/max, referencing key geospatiotemporal data items)
	
	X
	X
	X
	75

	14.2
	quality control metadata 
	X
	
	
	
	10

	15
	evaluate security requirements
	
	
	X
	
	  5

	16
	quality control infrastructure 
	X
	
	X
	
	  25

	17
	automated quality control investigation
	
	
	X
	X
	  10

	TOTAL
	525


Note: The Vertical Profiler is being evaluated for data submission to SSDS, and may be an existing data set by next year. This would probably not add significant operational load.

2. High risk elements

The largest risk for 2005 relates to user community demands. To the extent SSDS continues to be successful, more users will take advantage of it and request work on it (operational support, bug fixes, and enhancements), and more data providers will want to put their data into SSDS. If our usability improvements are not well-aimed and sufficient, we risk being overwhelmed by the system’s success. Much of the development direction is intended to reduce this risk, but we must choose and implement the work wisely to move toward a truly turnkey system.

3. Critical Dependencies

As last year, the most critical dependency relates to metadata exchange with SIAM.  There are four collaborative developments with SIAM, each related to metadata handling and/or metadata user interfaces. It will be important to select designs which optimize the integrated SIAM-SSDS system, while also considering the specific goals of each component.

4. Critical Decision Points

SSDS will be sufficiently mature next year that MBARI can evaluate many aspects of its direction. Major directions to consider include: addition of MBARI data sets; external distribution of the software; prioritization of feature development; and scoping the overall project. The evaluations should be used to guide the following years of SSDS effort, including the transition to operational status.

5. Costs

a. Training
$1500

b. Software Development tools
$5000

c. Replacement  Test Server
$15000

d. Hardware Maintenance (SSDS servers)
$3000

e. Design review
$4500

f. Text and journals
$1000

g. Travel
$3000

6. Shiptime

There is no ship time necessary for SSDS development.

7. Deliverables

The following items/capabilities will be in operational and readily available to users by the end of the year:

· data subsetting and merging, with data sets readily available as ASCII, and other formats to be defined

· simple metadata entry, using a constrained vocabulary, for at least 50% of data sources

· user-friendly query by variable name, and other parameters to be defined

· on-line user help for data access, data submission, and metadata definition

· existing AOSN data set management

· data management infrastructure supporting geospatial queries

· event handling and notification

Project team

The SSDS team members in Core Software Engineering (John Graybeal, Kevin Gomes, and Andrew Chase) will be directly responsible for most of the work and deliverables described here. Assistance will be requested from Support Engineering staff with particular expertise.

The Project Manager will be John Graybeal. The Lead Engineer will be Kevin Gomes. The Lead Scientist will be John Ryan.

Collaborations with Science Teams, Core Engineering (especially SIAM), and Support Engineering are anticipated for many projects. In particular, minor AOSN support will be requested for AOSN data set integration, and significant consultations from data management experts in Support Engineering will be required.  

Appendix F: MOOS Science Experiment Shepard Meander
Project Manager: John Ryan 

The primary goals of MOOS Science Experiments are to conduct novel, important research while applying and thoroughly testing mature MOOS technologies.  The Shepard Meander Experiment has ambitious development and applications goals toward which much progress has been made.  Research of the Shepard Meander Experiment is well defined and includes novel research in deep and shallow waters

(http://www.mbari.org/staff/ryjo/mu/MSEplanning.doc).  
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Preparations continued and are continuing during 2004 with testing of challenging / high-risk elements as well as evaluation of the experimental environment.  In June 2004 the MOOS project and Canyon Dynamics projects (involving both the Paull and Barry groups) jointly installed an array of instruments within Shepard Meander and on its adjacent flank. The objective is to establish the importance of this channel as a conduit for carrying sediment and organic carbon onto the vast Monterey Fan. This effort represents the beginning of a MOOS benthic experiment. The initial deployments and servicing cruises are intended to test the serviceability of cable-connected RINs, McLane profilers and sediment traps in this environment, provide operational experience with deploying and servicing this instrument array, extension cable laying and cable survival within the axial canyon, and to acquire enough science data to appropriately configure a full-up benthic MOOS experiment. This was originally intended as a two-year deployment schedule with cruises to service this array every 4 months. Changes in the Western Flyer schedule resulted the cancellation of the first of the originally planned 2004 cruises. In 2005, we wish to continue this on-going effort essentially as originally planned and outlined in the 2004 Canyon Dynamics proposal, so that we will be ready for a full up MOOS experiment in 2006. The primary resources that will be requested include additional instruments to service the existing instrument array and to populate the full array and three six-day Western Flyer trips.

A key capability for the upper water column research at Shepard Meander is vertical profiling with two-way shore-profiler communications that enable a basic level of event detection and response.  A primary event of scientific interest is carbon subduction that occurs episodically in the meandering California Current.  Compared with a limited number of instruments fixed to the mooring cable, spatially continuous vertical profiling will detect more vertical transport events and will be more effective at quantifying their scale accurately for computation of carbon fluxes.  Thus it is very important that we have an upper water column vertical profiling system that will function in the dynamical and biofouling environment of the deep Shepard Meander region, communicate with shore, and permit modification of profiler behavior for event response.  Coordination between the science experiment and vertical profiler projects has aimed to ensure that this critical testing is done during 2005, in preparation for 2006.

The Shepard Meander Experiment includes multiple elements of OOI and IOOS, and preparation for a 2006 full Shepard Meander Experiment will involve extensive effort during 2005.  At the abstract phase, a short-term “stepping stone” MOOS Lite mooring array experiment was also proposed for 2005.  Motivations for this included a) delay of the full Shepard Meander Experiment, b) interest within science and research engineering for such an array experiment, including event response and sensor development in step with MOOS, c) the strategy of testing subsets of mature MOOS subsystems in experiments, d) vision of applying and testing the Pioneer Array concept, and e) the possibility that two MOOS Lite moorings, planned to be built during 2005 for M1 and M2 replacement, would be available for a short-term experiment before they served as replacements of the time series moorings.  Since the abstract phase, a significant change is that the M1 and M2 replacement moorings are no longer planned for 2005.  Therefore the focus for MOOS Science Experiment efforts during 2005 is on the extensive preparations required for the full Shepard Meander Experiment planned for 2006.

Shepard Meander Experiment – Equipment Justification

The initial plan involved servicing instruments at sea and redeploying the same equipment later on the same cruise.  However, we are discovering that it take 2 to 2.5 times the amount of equipment to keep one system running continuously. The McLane profiler and HS-2 instruments need periodic recalibration that can only be done on shore. We are already short two Benthos releases and are dependant on loans for these deployments.  The releases also need batteries to be changed.  Having two more allows us to service the releases after every two deployments and keep us independent from other on-going operations.  The sediment trap, floatation, radio beacon, Xeon strobe, and Homer are so that we will be able to have one sediment trap ready to deploy when we depart on the cruise.  Thus we will only have to put together two traps out of the three traps that are recovered on each cruise.  The ADCP, CTD, and Nobska are the core RIN instruments.  We will be deploying a second RIN in 2006.  Thus, these will serve as spares in 2005, but will become essential in 2006.

Appendix G: MARS SIIM

Every use case we have developed for MARS requires elements of the Science Instrument Interface Subsystem (SIIS) defined as part of the NEPTUNE Regional Cabled Observatory (RCO) System Engineering process.  The goal of this part of the MARS element of MOOS project is to define the SIIS requirements for the MARS RCO test bed.  

The NEPTUNE system engineering process has identified the SIIS as a top level subsystem of the RCO.  The MARS use cases and the results from many observatory workshops reinforce this architecture.  In order to efficiently support the science proposed for MARS and meet the goal of providing a test bed for future RCOs, at least a subset of the SIIS needs to be included as part of the MARS infrastructure.  This proposal is intended to identify the requirements and a top level system architecture for the MARS SIIS and develop and deliver the bare minimum elements of the SIIS needed by the first MARS experiments where external funding can not meet the need in the required time frame.  Fortunately, MBARI is uniquely suited to address the development of the SIIS because of the work we’ve accomplished to date on projects like MOOS, SSDS, SIAM, etc.  In fact, almost all of the functionality needed for the science instrument interface module (SIIM) element of the NEPTUNE SIIS as it is currently envisioned have been or are currently under development at MBARI. 

We are structuring this task as follows.  First we will compare the requirements and top level architecture for the SIIS defined by the NEPTUNE SysE process against the results of the existing MARS science use cases, the output of the SENSORS workshop planned for September at MBARI and (hopefully) the responses to the ORION project office prospectus proposing science experiments for the ORION OOI system.  A key question that will be addressed during this part of our project is 1) how meta-data needs to be handled.  We believe the work done at MBARI to date and the planned SENSORS workshop will provide the information necessary to make informed decisions relevant to the community wide OOI system.  The deliverable will be a complete set of requirements for the MARS SIIS. 

The second part of this task will be to define the top level system architecture for the MARS SIIS.  As is normal, we would expect some iteration between requirements definition and system architecture development during this phase.  The third phase of this task will be to develop the smallest subset of SIIS functionality necessary to support the first MARS experiments.  Our strongest hope is that by pursuing a systematic approach to specifying and designing the SIIS, this process can be done correctly once resulting in a standard SIIS, validated for use on the MARS observatory and configurable for use by a wide variety of observatory instruments for a wide range of experiments.  Based on the current understanding of the requirements for the MARS SIIS, its functionality most likely will include a subset of the following list.  The list also includes where the technology would come from.  1) Voltage level translation – available using off the shelf DC/DC converters, 2) 10/100Base-T to RS-232/422/… - developed for MOOS and also available off the shelf, 3) 10/100Base-T to 10/100Base-F for driving extension cables – available off the shelf 5) secondary nodes – subsets of the MARS node and 6) meta-data insertion – at least similar (maybe identical) to the MBARI puck although how this is done is a key question that will be addressed at the SENSOR workshop.  Our assumption for budgeting is that only a SIIM with a subset of the functionality described above will be delivered under this internal project.  A SIIM is critical to the MARS commissioning that starts Q3 2005 and ideally a non-deployable, dry prototype would be available in this timeframe.  Additional SIIS functionality will be developed under externally funded projects.  For example, the secondary nodes are beyond the scope of this internal proposal and will have to be funded externally.  We expect to work with groups seeking external funding, e.g., the IODP bore hole effort, to properly scope the additional work.  

Additional deliverables include a Requirements and Concept review for the SIIS. Preliminary and Critical Design Reviews would be held for any elements of the SIIS developed under this internal project.  Our project team currently consists of Gene Massion (PM), Lance McBride (LE), Ken Johnson (LS) who we have included as an example of an instrument developing Scientist, Duane Edgington and Dan Davis who have been key players in the development of existing MBARI systems relevant to the SIIS.  Wayne Radochonski and John Graybeal have additional expertise we expect to take advantage of.  
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