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Problem Definition: “An unforced system is said to be observable if and only 
if it is possible to determine any (arbitrary initial) state x(0) by using only a 
finite record, y(τ) for 0≤τ ≤T, of the output”

Theorem: “A system is controllable if and only if the matrix 

is full-rank.”
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We consider the linear, time-invariant system
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and we look for an “observer” of the state of the form

In this case we have the error                        dynamics 

xLCAx ~)(~ −=&

We should note that we can modify the dynamics (eigenvalues) of the error 
system by proper selection of the gain L. If the system is observable, it is 
always possible to find an observer gain L to set the eigenvalues of the error 
dynamics at arbitrary values.
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By noting that 

we can conclude that the observer eigenvalue placement problem is similar to 
the controller eigenvalue placement problem 

By making

we can use the same eigenvalue placement formulas developed by state 
feedback control design. After obtaining K,  we obtain L as
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We consider the linear, time-invariant system

.
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BuAxx

+=
+=&

We design, in addition, an “observer” of the state of the form

such that the error                        has the desired dynamics 

xLCAx ~)(~ −=&
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Kxu −=with state feedback

such that the closed-loop control system has the desired dynamics
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We consider now the following feedback law

xKu ˆ−=
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We consider now the following feedback law

xKu ˆ−=
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Observer
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State Feedback
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Output Feedback
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