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Distributed MPC
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Example 1: centralized solution
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Example 1: distributed solution
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Example 1: distributed solution

Actually, in general, the estimate is not correct in all cases.
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Example 1: what to retain
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Example 2: bird formation fly
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Example 3: wind energy harvesting
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Example 4: smart electric power systems
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Controller structures

Centralized (multivariable) – Controller in a single central node;

Decentralized – local controllers that act independently

Distributed – local controllers coordinate with the neighbours
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Controller structures: centralized (multivariable)
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Centralized control: the Piper Alpha disaster

Piper Alpha was an oil drilling platform, in
the North Sea, that exploded in 1988, killing
161 crew members.

The platform had a centralized computer
controlled system that was considered to be
able to contain any accident.

The first explosion occurred in a room that
was separated from the computer by a thin
metal wall. The computer was immediately
destroyed, allowing the failures to propagate.
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Controller structures: decentralized
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Decentralized control: warning
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Control agents
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Controller structures: distributed
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Distributed control as an interconnection of control
agents
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Controller reconfiguration
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Centralized control: the Piper Alpha disaster

Change the pairing between
actuators and sensors.

Change control objectives.

Reconfiguration is an important part
of fault tolerant control.

MPC plays an important role in fault
tolerant control (FTC).
Another important component of
FTC: fault detection and isolation
(FDI).

An example of reconfiguration in
aircraft control
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Example 5: decomposing the canal in subsystems
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Example 5: physical model of one stretch
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Example 5: experimental results and nonlinear
model
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Example 5: model decomposition
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Local subsystem dynamics with interaction only
through the input
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Does it work with decentralized PI controllers?
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Distributed control structure
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Graph of the distributed control structure
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Multiobjective optimization
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Distributed optimization
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Distributed optimization: game approach

Convergence to the Nash equilibrium of alternating variable
minimization.
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Who invented the Nash equilibrium?

The movie-picture A beautiful
mind tells the story of John
Forbes Nash, Jr., winner of
the Nobel Prize in Economics
of 1994, who introduced the
Nash equilibrium in the
context of Economics.
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The dual problem
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Dual approach to distributed optimization
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Dual approach to distributed optimization (cont.)
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Dual approach to distributed optimization
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ADMM – Alternating directions method of
multipliers
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Distributed MPC with an altruistic cost
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Stability constraints
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Back to the game approach: coordination procedure
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Time evolution of the coordination procedure
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Convergence of the coordination procedure
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Experimental results (1)
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Experimental results (2)
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