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Abstract:

The restricted diagonal fault detection filter was first developed from a geometric and spectral approach.  The 
idea of the filter is to place each fault into invariant subspaces which do not overlap each other.  Then, when a 
nonzero residual is detected, the fault can be announced and identified by projecting the residual onto each of 
the invariant subspaces.  In this way, multiple faults can be monitored in one filter.  Strict geometric structures can 
be sensitive to system uncertainties. Therefore, derivations based on minimizing a cost criterion are explored 
which can be shown to acquire the properties of the geometric fault detection filter in an appropriate limit. One 
approach, the unknown input observer, simplifies the restricted diagonal fault detection filter problem by dividing 
the faults into two groups: a single target fault and possibly several nuisance faults.  The nuisance faults are 
placed in an approximate invariant subspace that is unobservable to the residual.  Therefore, the residual 
is only sensitive to the target fault, but not to the nuisance faults.  Since each unknown input observer can 
detect only one fault, multiple unknown input observers are required to detect and identify all faults.  However, 
an approach which does approximate the restricted diagonal fault detection filter is the robust multiple-fault 
detection filter.  These schemes are first applied to a vehicle health monitoring system evaluated in real-time 
on a Buick LeSabre.  Secondly, a health monitoring system based on analytical redundancy is developed for 
satellites on elliptical orbits consisting of periodic fault detection filters and parity equations.
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