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Separation of Control from State Estimation

Haruo Imai

For a discrete time one dimensional, linear control system with independent disturbances
and noises, with a quadratic criterion, we prove the separation theroem without any assumption
of linear control law or Gaussian noise processes.

We point out that the basic fact is the uniqueness or control independence, at each ¢,
of the error process %;=x;—%; of approxmating the states x, by projections £; onto the closed
subspace of measurable functions of the observed history Y;={yy, ¥5,* ¥4}

We provisionally refer to the control, which is a function of the state x; as a virtual control,
and to the cost as a virtual cost. From control independence of %;, it follows that to select a
control so as to minimize the virtual cost is equivalent to minimize the realizable cost. We
call this fact, for the moment, as virtual equivalence. Then, the separation theorem is an imme-
diate consequence of the virtual equivalence.

As the minimum virtual cost for the future is a quaratic function of the present state x;, the
optimal estimate v* of the optimal virtual control /%, which minimize the expected cost, is
equivalent to the minimum meansquare error estimate of v*.
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