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This document outlines the trade-off study to be performed at MBARI to promote an understanding of the design-space relevant to the station keeping buoys envisioned by DARPA for long-term hydrophone support.  The current solutions being pursued by the participants of this program were tested during the technology demonstrations held at MBARI in October 2007.  A wide range of approaches pursued by the current program participants indicates that the current understanding of the problems and options for developing these systems is not sufficiently understood.  

The goal of this study is to analyze the design space sufficiently to determine which trade-offs are significant design drivers and identify any optimizations that should be considered.  The aim is to give the system designers a basis for aiming future development in a direction that has the highest probability of generating an optimized solution to this difficult engineering problem. 
Trade-Study Overview

There are three classes of variables that need to be considered in a design-space investigation; 
a. Those that affect the performance of the system in given environmental conditions.  These variables include those related to what energy sources are utilized, how that energy is collected and stored, and how that energy is applied to keep the buoy on station and performing the needed tasks.  
b. The environmental conditions at the target deployment locations.  (wind speed, wave height, and solar insolation.)
c. Design variables that affect the operational utility of the system. (size, weight, reliability, and cost).
Although there is significant interplay between these three classes, it is useful to consider each individually to minimize competition between the factors that drive the final choices to promote an understanding of the underlying performance issues.  For instance, an analysis of the performance factors may drive the design towards a size and weight scale that can not be accommodated, but at least design choices will be made with a clear understanding of the trade-off being made (performance versus size).  Similarly, the environmental conditions the system shall operate in will vary from site to site and an understanding of the capabilities of different techniques will aid in designing systems that will be successful across a range of sites.
The goal of the study presented below is to identify which part of the design space should be concentrated on to meet the requirements and to identify optimal design choices related to system performance in a variety of conditions.  Coupled with an analysis of environmental conditions at a range of likely deployment sites, it is expected that some optimal design choices will be evident.  
Finally, data collected during the October 2007 demonstrations in Monterey Bay may be useful in the context of the design study results, providing a comparison basis for the performance factor analysis.
Trade-Study Proposal

To achieve this goal, a number of specific tasks will be undertaken as follows: 
Analysis of design space

1. Analysis of potential energy of various energy sources (solar, wind, wave)

a. Analysis of possible conversion efficiencies of various sources.

b. Analysis of energy storage efficiencies.

c. Analysis of platform energy requirements

i. Station keeping (depends on environmental conditions)

ii. Sonar tasks (may depend on station keeping accuracy?)

iii. Communications

2. Analysis of environmental conditions at projected sites.
3. Review of operational constraints and form-factor goals.
Design trade-off evaluation
1. Identification of important variables in the design space.

2. Analysis of potential optimization within the range of design space variables.

3. Analysis of sensitivity of trade-offs to deployment site conditions. 

4. Effects on trade-space due to limitations imposed by operational/form-factor constraints
Analysis of 2007 demonstration data 
1. Analysis of energy harvesting efficiency.
2. Analysis of energy use efficiency.
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