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Chapter VI 

CONCLUSION 

In this dissertation optimal filters have been derived for three 

important classes of nonlinear stochastic dynamical systems. 

The first class of systems is governed by stochastic nonlinear 

hyperbolic and parabolic partial differential equations with boundary 

and volume disturbances of both additive and nonadditive nature. The 

form of the system enables the recursive estimation of both states and 

constant parameters. The performance of the filter was demonstrated 

computationally in an example for the feedback control of a styrene 

polymerization reactor. 

The second class of systems encompasses, within a single frame

work, three types of stochast ic time delay systems: 

1. Nonlinear lumped parameter systems with multiple constant 

and time-varying delays; 

2. Nonlinear systems of coupled ordinary and hyperbolic partial 

differential equations; and 

3. Nonlinear lumped parameter systems having functional time 

delays. 

The general filter was applied in a numerical example to a chemical 

reactor-heat exchanger system. 

The third class of systems is a generalization of the second 

class by including systems described by mixed nonlinear lumped and 

parabolic partial differential equations with both volume and boundary 

disturbances. 
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Along with filtering, the related concept of observability 

and optimal measurement location was studied for a class of stochastic 

linear distributed parameter systems whose solutions can be expressed 

as eigenfunction expansions. The two questions examined are: (1} the 

effect of measurement locations on observability, and (2} the optimal 

location of measurements for state estimation. It was shown that a 

scheme of finite measurements can always be constructed such that the 

system is observable. Also, it was shown that for a special class of 

systems, only a few measurements will suffice for observability, as 

long as they are not placed at the 11 nodes 11 of the system. An algorithm 

was developed for determining a suboptimal set of measurement loca

tions with respect to state estimates. 

Finally, necessary and sufficient conditions for observability 

was derived for a separate class of linear hyperbolic distributed 

parameter systems. 
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