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1) Abstract (new and continuing projects)

This MDUC project provides for the institutional support of “core” navigation data from MBARI ships and ROVs. This is a continuing project since 2001.

The usual elements of this project are:

· Maintenance and minor development of software used for the processing and archiving of ROV and ship navigation.

· Data archiving and dissemination through the expedition database.

· Data validation through Science data “champion”.

In addition, for 2003 we propose a significant development and testing effort for ROV navigation:

· Development of new algorithms for processing USBL + DVL ROV navigation

· Extension of the Expedition database to support multiple versions of processed ROV navigation.

· Shipboard testing of realtime ROV navigation and logging of raw (pre-Winfrog) navigation data.

2)
Proposal

Introduction

ROV and ship navigation have been designated as core data streams, which means that support for the collection, processing, and archiving of the data is provided on an institutional basis rather than through individual projects or divisional budgets. The 2001 and 2002 Core Navigation projects were intended to maintain a more or less stable set of navigation data streams. The budgets included some IAG time and some of David Caress’ time (13 days each in 2002) to support processing and validation of ROV and ship navigation data and maintenance of the software used to move the data from the ships through processing and into the data archives.

We have discovered and experienced some major difficulties with ROV navigation over the past few months. In particular:

· We found that the Tiburon navigation logged prior to 2001 was actually ship navigation.

· We've experienced significant real-time operational difficulties with Tiburon navigation following  the integration of a DVL with the USBL in April. These are continuing on the present expedition.

These issues have prompted us to reconsider how best to approach ROV navigation over the long term. 

We have concluded that some significant changes are required to our ROV navigation logging and processing if these core data are to meet MBARI science needs in the future. Some action is already being taken in 2002. We propose to increase the effort level for 2003 in order to accomplish the following:

Routinely log and archive USBL positions and DVL speed-over-ground prior to any filtering by Winfrog

Develop and implement algorithms for obtaining optimal navigation solutions from the raw USBL and DVL data

We have come to realize that real-time ROV navigation and post-processed ROV navigation do not serve the same needs, and so the latter does not have to derive from the former. Our goal for real-time navigation should be to provide the best possible instantaneous estimate of the vehicle's position. Our goal for the primary archived navigation should be to provide the best possible self-consistent model for the navigation of the whole dive. Both types of navigation are important, but it needs to be recognized that they are different.

The use of Kalman filtering as provided by Winfrog is entirely appropriate for real-time navigation. However, Kalman filtering is always one-sided in time (in real-time one doesn't know the future) and focused on the present best estimate. This has the consequence that new information can produce rapid shifts in the position estimate. In some cases, these shifts may seem unreasonable, but they really reflect the filter design.

Once a dive is completed, the use of Kalman filtering to model the navigation is inappropriate. A better method is to consider all of the constraints on ROV navigation simultaneously, and to solve for a navigation model which is consistent with the USBL fixes while fitting the DVL estimates for vehicle speed. 

Through 2000, we simply archived the Kalman filtered USBL navigation as our best ROV navigation. Starting in 2001, we began to reprocess the navigation using an algorithm which fits the USBL fixes while minimizing speed and acceleration. The advantage of this approach is that it produces a plausible, self consistent model for the navigation. 

Now that both USBL and DVL are being input to Winfrog, the behavior of the real-time navigation output has changed. The real-time position estimate no longer "bounces" along with the USBL fixes, but now moves slowly as constrained by the DVL. One consequence seems to be that the position estimate can drift while the vehicle is stationary. We do not understand how this behavior relates to Winfrog settings, or whether there is also some undiagnosed problem(s) with the USBL or DVL.

We propose

The MDUC Chair (David Caress) will serve as both project manager and lead scientist for this project. 

The primary elements of this project are:

· Maintenance and minor development of software used for the processing and archiving of ROV and ship navigation.

· Data archiving and dissemination through the expedition database.

· Data validation through Science data “champion”.

· Monthly reports on data quality from data champion to MDUC.

The core navigation data team includes:
· David Caress (Data Champion, MDUC, Science)

· John Graybeal (IAG)

· Rich Schramm (IAG, MDUC)

The project budget will include some IAG time for software support and development.

This project is expected to operate in 2002 as it currently does. The requested resources will be substantially the same as in 2001.

3)
Budget Justification

The 2002 budget includes the following:

· 3 days for navigation data validation by David Caress

· 5 days for navigation processing software support by David Caress

· 8 days for navigation data processing by IAG.

· 5 days for navigation processing and archiving software support by IAG.
The 2002 budget does not include any hardware or expendable expenses.
4)
Milestones

· End of each month: Data champion review of ship and ROV navigation data quality.

· July, 2002: MDUC review of navigation quality and preliminary recommendations and budgeting for 2003. 

· September 2002: MDUC finalizes budget and recommendations for 2003

4)
Milestones (new and continuing projects)

Appropriate milestones must be included here. A milestone is defined as a significant event represents completion of critical elements of the program. Examples of possible milestones include creation of requirements document, completing design, completing fabrication, testing, field deployment, presentation of results at meetings, manuscript completion, documentation submission, etc.  Distinguish tasks that must be done sequentially versus those that can be done in parallel. If you would like to include more than 5 milestones, extend the table or add a new table.
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