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Distributed MPC

Approaches

» Distributed optimization (Leuven)
» Game theory (Winsconsin)

» Robustness (Milano)

> ...
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A simple example

(s ——(=)

Subsystem 1 Subsystem 2
(agent 1) (agent 2)

ST: xy(k +1) = Ay x (k) + Ajp x5 (k) + Byyuy (k) + Bypuy (k)
821 xy(k+1) = Ay x) (k) + Ayy x5 (k) + Byyuy (k) + Byyu, (k)

xl EXI’ x2 EXz, UIEU19u2 EUz

polytopic sets containing the origin
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MPC problem

N-1

minJ =Y [x,(k + ))Ox; (k + 7) + X, (k + /)05 %, (k + j) +

Uy ,u
1,42 =0

411y (k + )Ry (k + ) +uy (k + J)Rouy (ke + )] +
+x,(k + N)Px;(k+N)+x,(k + N)Pyx,(k + N)

under the dynamic constraints, the previous state and control
constraints, the terminal constraints

yk+NYEX 4, x,(k+N)EX

and the additional “mixed” (linear) constraints

[Hxl Hx2 Hul HMZ]
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Distributed optimization

The optimization problem
N-1
min J =Y [x;(k+ ))Ox; (k + j) +u,(k + /)Ry (k + j)]+ x,(k + N)Rx; (k + N) +

uy,up =0

J

N_ '
+ [x, (k+ j)Orx5 (K + J) +uy (K + J)Ryuy (k+ )+ x5(k+ N)Pyxy(k+ N)
=0
= Jl +J2

[

~

IS equivalent to
min J =y, (k)A ) (k) + )2 () A, ), (k)

up,uy

=J1(Xl)+J2(Xz)

n® =) wtk) o X+ N-1) uk+N-1) xk+N)]
) = E) wy®) - ke N=1) wy(k+N-1) xy(k+N)]

Riccardo Scattolini — IFAC 2011



Distributed optimization

and
min J =y, (k)A ¢ (k) + x5 (KA, x5 (k) = J; (g () )+ 5, (e, ()

Uyp,uy

xi (k)] _
i, HZ][XQ <k>] =

X1 (k)
I. I =(
i J[M]

X1 (K)EQ, x, (k) ER,

Both the performance index and the constraints are separable.
The Lagrangian is also separable

L = 3(k)A oy () + 02 (R A oy (k) + A'(H gy (k) + H oy o, (k) =€) +
+u' (I x (k) + Iy x5 (k)
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Distributed optimization - 5

Dual decomposition
an iterative procedure

A=0

H)EELX g1 (ﬂ, U )+ 82 (A'a M) dual problem

A,
u /’X1

A,
o\ N\

g ()= n;{in{fl G (k)

+A'H (k) + u'T x, (k)}
x(k)EL

g, (R ut)= H)lcin{fz (e (K))

+ A'Hyx, (k) + u'Th x, (k)}
X2 (k) ELQ,

primal problems
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Game theory

(s——(s2

Subsystem 1 Subsystem 2
(agent 1) (agent 2)

the two agents play a game, which can be either cooperative
or not (Pareto or Nash equilibra are searched for depending
on the local or global objective of each agent, or player)

uy (k),ui (k),...;ul (k)....
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Robust MPC

(sh——(=

Subsystem 1 Subsystem 2
(agent 1) (agent 2)

the effect of the other subsystem is viewed as a disturbance

to be rejected
Wi

S1: x,(k +1) = A x, (k) ++ By (k)

S2: x, (k + 1)=/ Aoy (k) + Boott (k)

w - Ny T
2 % (K)o Xy (k4 N).~

reference @
trajectories
¥

%y (K)o, (k4 N)
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Distributed control algorithms — properties

» Fully connected. all-to-all communication. Information is
transmitted from any local regulator to all the others

» Partially connected: neighbor-to-neighbor communication.
Information is transmitted among the local regulators of
subsystems with a direct dynamic influence

» lterative: multiple transmissions among local regulators
within each sampling time

» Non iterative: only one iteration within the sampling time

» Cooperating: each local regulator minimizes a global cost function
» Independent. each local regulator minimizes a local cost function
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Distributed MPC — developments and challenges

» “Usual stuff” output feedback, tracking, nonlinear systems ...

» Reconfigurability: what happens when new subsystems are
added/removed/substituted?

» Adaptivity: how to deal with changing operating conditions?

» Networked control and asyncronous communication: what is

the effect of bandwidth limitation, delays, loss of information
.27

» When distributed MPC: is it really needed? Is it possible to
guantify the loss of performance (also in economic terms)?

» Software environments: if SW is not available, distributed
MPC will remain an academic game
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