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	Project Lead: Greenwood is renowned for his work in evolutionary computation techniques applied to evolvable hardware and fault tolerant problems.  He is the chair of the evolutionary computation technical committee, which is part of the IEEE Computational Intelligence Society, and is currently an associate editor for the IEEE Transactions on Evolutionary Computation.  He also was the General Chair for the 2004 Congress on Evolutionary Computation.  He has published several papers relating to fault tolerance in space applications.

[1]  G. Greenwood, “Intrinsic evolution of safe control strategies for autonomous spacecraft”, IEEE Transactions on Aerospace & Electronic Systems 40(1), pages 236-246, 2004

[2]  G. Greenwood, D. Hunter and E. Ramsden, “Fault recovery in linear systems via intrinsic evolution”, Proceedings 2004 NASA/DOD conference on evolvable hardware, pages 115-122, 2004
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6. Brief Summary - which will serve as proposal abstract
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1. Description of the proposed technology project including specific Goals & Objectives. Emphasis to relevance and potential support to H&RT Goals & Objectives

2. Description of the technology development/maturation approach. Include specific technical challenges that you expect to encounter, and the beginning and ending Technology Readiness Level (TRL) of the project. Highlight partnership approach.
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	 1.  Description of the proposed technology:

Future spacecraft systems will require modular sensor/actuator systems that are fault tolerant to single point failures. It is imperative that these sensor/actuator systems be stabilizable because this characteristic prevents failures from propagating to other systems that interface to it. Failure containment is especially important for safety critical systems.
This research project considers the design of a feedback compensator K(s) that guarantees the sensor/actuator system remains stable not only under normal operating conditions, but also when a sensor or actuator fails. Such a K(s) limits failure propagation. 

Stoustrup and Blondel (IEEE Transactions on Automatic Control 49(2), 2004) proved that such a K(s) always exists, but they quite clearly stated the design process is extremely difficult. Their proof also showed even 2nd order sensor/actuator systems may require arbitrarily high order compensators. Moreover, their existence proof does not hold for systems where multiple sensors or actuators fail.  (Whether or not such compensators even exist is an open question.)

This proposed research effort will use evolutionary algorithms (EAs) to design feedback compensators to stabilize sensor/actuator systems. Evolutionary algorithms search for solutions to difficult optimization problems by emulating the adaptation and natural selection dynamics found in nature.  These EAs are ideal for problems that are ill-defined or which have exponentially large solution spaces. EAs have been successively used not only in control system design, but also to find good solutions for many different types of NP-hard problems. Genetic algorithms are the most widely known type of EA.

We intend to (initially) fix the order of K(s) and have the EA evolve the compensator’s transfer function coefficients for the single sensor or actuator failure case. This is done as follows. A population of randomly initialized candidate compensators is created. Each compensator is evaluated and assigned a “fitness value” that reflects its ability to stabilize the nominal and the failed sensor system. Higher fit compensators provide stability; they are kept while the others are discarded. Surviving compensators are then randomly perturbed--i.e., a small Normally distributed random number is added to each coefficient--thereby creating new candidate compensators for the next iteration. Done properly, this evolution-based search, over time, fills the population with highly fit compensators. The process continues until a suitable compensator is found. We also will investigate evolving the order of K(s) as well to see if low order compensators can be designed. Finally, we intend to investigate if our EA can design compensators for systems where more than one sensor or actuator (but not all of either kind) fail. 

2.  Description of the technology development/maturation approach:

The efficacy of an EA is influenced by a number of factors including population size, type of stochastic reproduction operators, selection method and so on.  The first challenge will be to choose appropriate algorithms parameters.  This can be tedious and depends heavily on the expertise of the algorithm designer.  The project leader is highly experienced in this type of work so this problem is not expected to pose any serious difficulties.

The second challenge is to see if low order compensators can be designed.  Two approaches will be investigated:  (1) evolve a low order compensator directly using the EA, or (2) use the EA to evolve a high order compensator and then use existing methods to reduce the model order. We expect this to be a very difficult problem, in part because Stoustrup and Blondel indicated low order compensators can yield poor stability margins which can only be improved by designing even higher order compensators. 

The third challenge is to investigate whether compensators can be designed to stabilize systems with multiple sensor or actuator failures. This challenge is expected to pose severe difficulties because an open question is being investigated. There is a possibility this portion of the research effort will not be successful.  

The entire project is classified TRL 3.

3.
 Impact to future exploration systems: 

The purpose of this research project is to design feedback compensators that stabilize sensor/actuator systems. Stabilizable systems ensure the failed system does not exhibit arbitrary behavior that can cause further damage elsewhere.  

Failure containment is absolutely essential in any safety critical system where failures can lead to system destruction or possibly even crew injury or death. Stabilizable sensor/actuator systems can be used in crew exploration vehicles, systems operating in the vicinity of suited astronauts, or in human-robotic interaction systems. 
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