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Distributed LQ control
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Infinite horizon Linear Quadratic optimal control
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Infinite horizon Linear control: properties

Can be obtained either by

Pontryagin’s Maximum Principle in discrete time

Dynamic Programming (studied in Control of Cyber-physical Systems

The performance may not be good (sometime too much overshoot), but
always stabilizing, provided (A, b) controllable and (A,

√
Q) observable,

even when Q � 0.

See problem 20 for a stability proof using Lyapunov’s direct method and
the candidate Lyapunov function V (x) = x>Sx .

A machine of producing stabilizing controllers that can be used to initialize
more powerful control design methods.
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LQ control with accessible disturbances

A step towards distributed LQ control.

For the plant x(k + 1) = Ax(k) + Bu(k) + Γd y(k) = Cx(k)
with d accessible for measure,
minimize the infinite horizon cost

J(u) =
∞∑
k=1

[(r − y(k))2 + ρu2(k)

Solution:

The feedforward term is
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Plant decomposition
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Local models

Subsystems are assumed to interact only through their manipulated
inputs
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Coordination procedure
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Example: distributed control of 2 double integrators
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Example: distributed control of 2 double integrators
(cont.)
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Experimental results with the water canal (1)

J. M. Lemos (Instituto Superior Técnico) Distributed Predictive Control and Estimation 2022 11 / 29



Experimental results with the water canal (2)
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Experimental results with the water canal (3)
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Robotic soccer

M. Sc. thesis of André Menezes
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Unicycle robot and polar coordinates
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Unicycle model
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Tracking a reference

Error model
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Ball intersection
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Difference game: striker vs. defender

striker defender
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Adaptive MPC
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Structure of an adaptive controller
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The GPC algorithm
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Predictors with constant feedback control
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Predictors with constant feedback control (cont.)
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Example: superheatee steam temperature control

MUSMAR = Multistep, Multivariable, Adaptive Regulator
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Example: Solar thermal plant
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Example: solar thermal plant

Cascade adaptive MPC control
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Example: Arc welding - plant
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Example: Arc welding - experimental results
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