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1) Abstract

This two year project is a direct result of the MBARI Ocean Observing Systems (MOOS) workshop held in February 1999. A major conclusion of the workshop was that a portable mooring system that incorporated bi-directional communications and power feeds to suites of benthic, midwater and surface instruments was a highly desirable MOOS platform.  

The MOOS Mooring System project goal is to complete the systems design and testing of the electrical and mechanical hardware of the mooring communications/power “riser” cable, the benthic network hub and the surface communications link. This work, in conjunction with three other advanced instrumentation and mooring development projects proposed for the year 2000 will ultimately result in a complete end-to-end systems design for the MOOS advanced mooring. To realize the overall system design this project will work closely with the Instrumentation Software Infrastructure for MOOS (Duane Edgington), New Mooring Controller (Bob Herlien), and SideARM Application Specific Hardware (Wayne Radichonski) projects.

The plan to proposed to achieve this goal is to:

Identify the current state-of-the-art in advanced mooring systems and what specific technical contributions MBARI needs to make to realize the MOOS mooring riser and communications systems. 

Identify prospective collaborators from outside institutions, especially those with expertise in mooring cable dynamics. 

Develop a firm concept design for the mooring vertical riser cable and buoy to laboratory communication system. Conduct a preliminary review that includes costs, risks, reliability and capability design tradeoffs. In collaboration with DMO develop mooring deployment, benthic hub and instrument installation plans and field-test them with a prototype MOOS mooring.

Revise the prototype design in response to the field testing data and complete the final design of an operational system containing a benthic communications/power hub, anchor, riser cable, surface float and communications interface for the data link to shore. In cooperation with the other proposed MOOS mooring projects identify the costs, resource requirements and timeline to build and deploy a fully operational MOOS mooring system.

2)
Proposal

a) The problem addressed

· The limitations in current scientific data sampling of the ocean have been often described, most recently at MBARI in the February 1999 MBARI Ocean Observing System (MOOS) workshop. The engineering response to the science requirements put forward at the workshop is to propose an integrated instrument system primarily based on three fundamental ocean observing platforms: ROV’s, AUV’s and moorings.
The mooring system proposed in the MOOS workshop report differs in a significant way from existing data collection buoy systems. The MOOS concept is to use the mooring anchor cable itself as a data and power connection or “riser” for instruments that could be installed in locations ranging from the seafloor through the water column to the surface. Power is distributed to instruments from solar energy collected on the surface and communications are routed from instruments through surface antennae to shore via line-of-sight or satellite based links.

The ultimate goal of the MOOS mooring system concept is to provide a data and power pathway to a broad range of instruments, including those mounted on the seafloor, anywhere on the ocean a buoy system can be placed, and extend the data pathway all the way to the researchers desktop in real-time.

Two fundamental questions raised by the MOOS mooring concept are addressed in this proposal:

1. What is the technical, economic and operational feasibility of the MOOS mooring communication/power riser cable concept?

2. What is the appropriate technology for communications between the mooring surface float and the shore-based laboratory?

In addressing the first fundamental question it is recognized that the challenges of a riser cable based mooring system are significant. Before the MOOS mooring concept can be realized the following questions need to be answered:

Can a vertical riser cable be strong enough to support the dynamic loads of a mooring system without being too heavy for a reasonable sized mooring float to support?

What cable materials should be used, steel or synthetic or separate segments of each material, i.e. steel in the upper portion to keep it near vertical and synthetic fiber in the lower portion to reduce the riser weight?

If multiple cable sections are used, which seems likely, how are the different cable sections joined together?

What form should the mooring cable itself take, e.g. taut line, slack or catenary configuration? Should intermediate floats be used?

Can the uppermost section of riser be serviced on an annual basis without disturbing the benthic portions of the system, and the benthic portion, “benthic hub” operate without service for a significantly longer period?

How is rotation of the riser prevented and cable damage such as hockles or kinks prevented?

What data rates and power transfer requirements need to be met?

What data communications hardware protocol should run on the cable?

What voltage and current levels should be used and what is the allowable cable voltage stress?

What are the costs of a riser cable system and what are the tradeoffs between costs and performance?

What are the operational procedures for deploying and maintaining a vertical riser system and can an ROV work around a vertical riser cable without an unacceptable amount of risk of entanglement or other complications?

How does a direct riser connection to the sub-sea for power and data compare with alternative strategies such as acoustic modems and ROV or AUV based battery recharging in terms of cost and performance?

The second fundamental question, the technology for communications from the mooring to the shore-side laboratory, is primarily an issue of researching and experimenting with commercially developed equipment appropriate to our application. As part of this effort the following questions need to be answered:

What is the required data rate between the surface mooring and the laboratory. This question will be resolved in collaboration with the Instrumentation Software Infrastructure for MOOS (Duane Edgington) project?

What is the cost-per-bit, data rate, availability and coverage of the emerging satellite based communications technologies?

What is the power available for communications on the mooring system and which commercial systems meet the requirements?

How does the physical environment of a mooring mounting affect communications link reliability?

What direct line-of-sight wireless technology should be used for buoy system testing and near-shore installations?

· Why it is important 

The capability of real-time communications from instrument to desktop and the ability to provide modest power to seafloor mounted instrumentation are both critical components of the MOOS mooring system concept. The use of a “hard wired” riser cable as an alternative to acoustic modems for communications and ROV maintained sub-sea battery systems for power has the potential to offer significant advantages in data rates and power delivery for mid-water and seafloor deployed instrumentation. The riser cable concept has technical risks however and could be significantly more expensive than a standard mooring anchor cable system.  For this reason it is important that the impact of riser cost on the overall mooring system expense is carefully evaluated.

The rapidly expanding technology of satellite based personal communication services (PCS) is a second critical component of the MOOS mooring system engineering concept. The promise of real-time bi-directional communications to remote instrument sites was one of the factors leading to a general science endorsement of the MOOS buoy system. Engineering needs to stay abreast of this rapidly developing field and be prepared to apply it to the MOOS mooring system at the appropriate time. 

Initiating this riser and satcom technology project as beginning steps in the MOOS advanced mooring effort allows these portions of the system to be evaluated early in the development cycle. The technical risks of the riser cable design concept can be understood and the cost impact on the overall mooring system assessed. In addition to the riser, satellite communication technology will be evaluated in detail before the system development reaches a stage where an implementation failure of either of these two important elements of the mooring concept would jeopardize the whole mooring instrumentation effort. If there are non-resolvable technical, operational, or cost-benefit problems with the mooring riser concept this projects goal is to discover them early enough in the program that alternative technical strategies of meeting the MOOS scientific requirements can be pursued. 

· Present state of art/understanding

Moored boy systems are a proven technology for long term ocean observation, however with the exception of the NOAA DART program, which uses relatively low data rate acoustic modems, no current systems have been identified that support instrumentation stations that extend to the ocean floor. Most existing mooring based open ocean surface data collection instrument systems do use some form of satellite communications to provide remote data access, however the data rates are extremely low and most often not bi-directional. 

Some major open ocean instrument systems currently or about to be deployed and the satellite systems they use are: 

Tropical Ocean-Global Atmosphere/Tropical Atmosphere Ocean TOGA/TAO Atlas tension moorings (Services Argos)

Pilot Research Moored Array in the Tropical Atlantic (PIRATA) (Services Argos)

NOAA National Data Buoy Center (NDBC) (Services Argos, and GOES)

NOAA DART program (Services Argos, and GOES)

U.S. GLOBEC Georges Bank moorings (Services Argos, and GOES)

MBARI has a buoy system as well, the Oasis (Ocean Acquisition System for Interdisciplinary Science) design, which uses line-of-sight packet radio data links to shore.

It can be seen that most current satellite based ocean data gathering systems have used the Argos satellite system. Operating since 1978, the Argos system has been very successful primarily because Low Earth Orbit (LEO) satellites carry its transponders. This allows for transmitter powers of less than a Watt, it can provide position information, it provides worldwide coverage, and the Platform Transmitter Terminals (PTT) can be extremely small. Argos's principle disadvantages are the low data rate of 256 bit packets per transmission and the current limitation of one-way communication only, not allowing remote control of instrumentation.

The other presently available marine mobile satellite based communication systems are also characterized by low data rate capability and/or relatively high cost and power consumption. Current bi-directional data systems use geostationary Earth Orbit (GEO) satellites that require powerful transmitters and high gain antennas. For example current GEO based bi-directional data systems such as INMARSAT mini-M satellite service, which is 2.4kbps, requires a large directional antenna and INMARSAT-C service, which uses a small omni-directional antenna delivers 600bps store-and-forward capability at $0.0081 a character but uses over 110 watts when transmitting.

A major technological change has been occurring in LEO satellite communication capability that will make the goal of an economical high-speed bi-directional data link to ocean buoy systems possible in the next five years. Advances in satellite technology have made it feasible to place constellations of satellites in orbit that are networked together and handle data communications to large numbers of users much as the current terrestrial "cell" phone technology does. The first applications in place are hand held satellite phone and low data rate services, but high-speed internet access services are currently being designed. All of these services are described as satellite based personal communications systems (PCS).

The design and use of satellites specifically for PCS services means low cost-per-bit and high availability. While a system like Argos must amortize it's services over the 6000 current users, emerging PCS systems will provide services and collect revenues from tens of millions of users. To be successful, the satellite systems for mobile PCS services must provide many of the same characteristics desirable in a ocean instrument data access system such as low power consumption, a high data rate at a low cost-per-bit, and a small non-directional antenna. Earth observation instrumentation can take advantage of these emerging LEO based commercial services to provide worldwide high-speed data communications.  

Two proposed ways MBARI can continue to make significant technology advances in ocean buoy data collection systems are:

1- Extend the surface based power and communications link to support sea floor experiments and instruments. 

2- Provide data retrieval and bi-directional communications back to researchers desktops from locations beyond line-of-sight using emerging PCS satellite communications technology. Bi-directional control via satellite communications link allows instrument configuration changes and remote debugging as well as the possibility of conducting interactive experiments in response to measured conditions.

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

MBARI well suited to make substantial progress in this area due to the unique blend of resources we can bring to the problem. MBARI's mooring group has demonstrated that they can install and maintain surface moorings and anchor systems in an open ocean environment. MBARI has the ROV/ship resources required and the operational experience to address the problem of installing and maintaining a buoy riser connected to sea floor instrumentation. The design of several important individual elements of the system, such as the communications and power link between the surface and the sea floor are areas where we have proven expertise. By attacking a technical problem that uses MBARI's strengths but requires a relatively long-term development effort commitment we are conforming to MBARI's strategic plan - provided it results in an instrument system that achieves "scientific merit".

b)
Approach to the problem

· Engineering/technology development

Initially the project will develop a detailed plan that coordinates with related MOOS engineering and science projects.

Conduct a system requirements review:

The detailed requirements of the mooring riser and buoy to shore communications link will be formally set in collaboration with the Instrumentation Software Infrastructure for MOOS. The project team will Identify the current state-of-the-art in advanced mooring systems and where the technical problems are, the specific technical contributions MBARI needs to make to realize the MOOS mooring system riser concept will be identified. 

Potential collaborators from outside institutions will be identified, especially those with expertise in mooring cable dynamics. MBARI could benefit by working with outside collaborators such as the buoy group at WHOI, PMEL, and Scripps Institute of Oceanography who have more experience with advanced mooring anchor cabling strategies. The project will seek to Initiate formal relationships with outside collaborators that complements MBARI’s expertise and results in a complete technical solution to the MOOS mooring concept.

Conduct a preliminary design review

Based on the documented system requirements we will develop a firm concept design for the mooring vertical riser cable that includes costs, risks, reliability and capability design tradeoffs.

Prospective riser power and communication design approach will be bench tested in the laboratory. Bench test prospective satellite communication systems. These hardware tests will also provide a platform for software infrastructure testing.

Conduct a critical design review.

Develop a detailed design of the riser cable, power delivery system and interface to satellite communication systems. In collaboration with DMO develop mooring deployment, ROV based benthic hub and instrument installation plans and plan a program to field-test them.

For the design of the benthic hub portion of the system every effort will be made to coordinate with the COMB project with the goal of maintaining compatibility and duplicating as much of the design and material as possible. 

In cooperation with the other mooring projects identify the costs, resource requirements and timeline to design, build and deploy an initial MOOS mooring system. 

Conduct a field-test program that includes the following elements:

The riser cable system

Surface buoy with communications to shore side laboratory

Prototype benthic hub

Seafloor mounted instrument

· Field programs

The design of the field program occurs in the first year with actual field deployment experiments beginning in year two. The project goal is to deploy a working prototype of the buoy riser system at the beginning of year two and monitor it’s performance throughout the year. 

· Data reduction and analysis

All data reduction and analysis will be performed by project team members during the course of system testing.

· Proposed duration of project and approximate plan of action

The project duration is two years.  During year one we will complete the initial feasibility studies, formalize relationships with outside collaborators, conduct laboratory testing and design of the field testing program.

The project second year will begin with an operational field test of the chosen cable riser design, ongoing system design revisions will be undertaken to address any field deficiencies. The project will conclude with an analysis of the testing results and performance review of a fully documented final design. It is anticipated that further proposals will be submitted in conjunction with science for year three operational deployments against specific science field targets. 

c)
Specific deliverables

· Products from research and development (tools, documentation, publications, presentations, etc.)

The primary product is the design and testing and full documentation of the MOOS mooring concept riser, power and communications systems. If this development work produces techniques or technology that would be of interest to the community at large it will be presented at Oceans or equivalent conferences.

Three open reviews will be presented, the requirements, preliminary and critical design reviews. Each of these reviews produces formal, written design documentation. 

· How success will be measured

Success will be measured by the degree to which the final design meets the requirements formally established early in the project. An additional measure of success is timeliness of completion, i.e. achieving planned project milestones. The ultimate measure of success will be the deployment of a complete data gathering mooring system for scientific purpose that meets the requirements initially described in the MOOS workshop of February 1999 and returns the desired data more cost efficiently than any alternate method.

d)
Project team

· Who will be working on this project, or if not identified by name, the critical needs or talents required in that team member

Project management and electrical engineering: Mark Chaffey

Mooring system mechanical engineering: Mark Greise

Field operations planning and deployment: To be determined.

ROV operations consultant: Dale Graves


· What each team member contributes to the solution of the problem 

Mark Chaffey is the project manager and lead electrical engineer. Mark has experience as a project lead on the Tiburon project for two years and on the HDTV project. Mark was the lead engineer on Tiburon’s video and local area network (LAN) telemetry links and has experience designing reliable electrical systems for deep submergence applications. 

Mark Greise is the lead mechanical engineer. Mark has experience designing mooring based mechanical systems and modeling cable dynamics.

Dale Graves is the chief Tiburon pilot and is experienced in performing ROV operations around sub-sea structures and anchors. Dale’s judgement will be used extensively to develop and evaluate ROV operations plans for the connection of sub-sea equipment to the system.
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