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Problem Setting Sub-optimality of the Separation Principle Examples
Given linear dynamics and bilinear observations with Gaussian noise Theorem 1 If T" > 2, the optimal control policy is not affine in the Double Integrator Style Dynamics
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The optimal control from partial observations can be generated by

1. using Kalman filtering to find the optimal state estimate; and
2. using LQR to find the optimal state feedback controller.

= Bilinear observations model incurs higher cost.
= The input magnitude drops towards zero near the end of the trajectory.

= Small inputs lead to a loss of observability, disrupting the state estimate accuracy.

State estimation & Separation Principle Policy ) — (b) _Co— S5 (g _Co— B Orthogonal Observations

= Fix A, B, Cl, Cg, Cg.
= States &; € RY, inputs uy € R3, outputs y; € R3
= Choose different Cy from the orthogonal complement of span({C1, Cs, C5})

Information available at t: 7y = {ug, wy, ..., 1,90, Y1, ..., Yt—1}
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Proposition Let C’OL be the projection of Cy onto the orthogonal com-

plement of the span C71, ..., Cy. Thenif (A, COL) Is observable, for any
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Separation Principle Policy: Ky =Qp,fort=T—-1,...,1 The choice of Cjy can show different behavior.

T 1T mnatrix remains bounded for all £ > 0 = The bilinear observations can improve the quadratic cost compared with LQG.
Li=—(B Ki1B+R) B Ki1A - = The performance can be similar for linear and bilinear observations.
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