By Including the output model In the

problem formulation, the controller can
systematically reduce uncertainty where It

hurts the objective.

universitatfreiburg

A dual-control effect preserving formulation for nonlinear output-feedback
stochastic model predictive control with constraints

Florian Messerer, Katrin Baumgartner, Moritz Diehl
University of Freiburg

Contribution Dual control

Dual control can be formulated as an output-feedback stochastic optimal » The choice of trajectory affects the information gain (dual control effect)

control problem, which is however intractable. We derive a tractable » A performance metric implictly defines the value of information

Kapproximation in which the dual control effect is preserved. » The induced explore-exploit trade-off can be captured by: (a) modelling

J

(Intractable) output-feedback stochastic OCP . how information is obtained, (b) optimizing over information feedback )

» Stochastic nonlinear system with policy 7 (+) lllustrative example
Xq (&) = po(&o), Ul (&) = i, Objective: Go as far left as possible without constraint violation.
0 0
X, = fi(x) (&), ul (&), wy), k=0,..., N —1, Output model: Less measurement noise when close to bottom of frame.
kr1(&) = (X (&), ug (&), wi
Nominal MPC Nominal MPC
Yk (€) = gr(x¢(€), vi), k=1,..., N—1, - Nomina . omina
[ (&) = (1g-1(8), ug_1(&), ¥ (£)), k=1 ..., N—1, é : é
7 ! 70 -
ug (&) = m(17(&)), k=1,..., N—1. S 0- | S
» Optimal policy 7* defined by R Of’en‘lo‘)p SMPC )
) S~ 9 <
cost: J7(E) = 00 W(XF (), uF(€)) + In(R(E)), |
5 ! 5
constraints: hi(x: (&), ug(€)) <0, hy(xpy(€)) <0, B 2
_ T Output-feedback SMPC
min B { 7€) + Y pimax(0, M (€)) | L, ;
7.(-() =0 - :(’M -
> / i | i
Constraint penalization 20T | | A | | |
0 5 0O 5 10 15 20
. L position r* discrete time k )
e . DEERERY maX(O,,u)
The expectation operator has a 4- _
.p P L s — w0l Tractable OCP
smoothing effect on the constraint — ¢(p,1.0)
. . 2 - cg(,u,ZO)
violation penalty. ~ | . -
) P 4 L - »(u,5.0) “min_ J(x,0,Z,K)+ ®(h(x, ), 8) +5ll8]l5 + r(Z, K)
P(u, 0) = Epp(por imax(0,m)}p 0 tmm———=—=/ = X'ZU’%?'
—4 —2 0 2 4 ’ R ~
. mean [ y S.T. Xo = Xo, 20 = Zo(PO),
Uncertain linear system around nonlinear nominal trajectory Xir1 = fi(Xk, Tk, 0) kK=0,..., N—1
> ki1 = WX, Ui, 2k, Ki), k=0,..., N —1,
Xkr1 = Tk(Xk, Ok, 0), ¥k = gk(Xk, 0) 0 > hy(), k=0,..., N—1,
Xkp1 — Xk1 = Ar(Xk — Xk) + Bi(ux — Tx) + T epawy, 6 =0,
Vie— Vi & Ck(Xk _ )?k) + Dy vy, 5//( > /‘/;(()_(k, U, 2k, Kk), k=20,..., N —1,
» Summarize information in Kalman estimate x, ~ N (Xx, Py) r=1.... Mh
» linear feedback k based on the state estimate: vy = by + Ki(R — Xi) Bn = Hy(Xn, 2n), r=1..., Nhy,
— linear system X5(¢) = X (&) — Xk with predictable covariance ¥, where /—/L corresponds to the linearized variance in constraint direction,
k\S) = | .
Xe(8) = x¢ (&) \and r(-,-) is a regularization term.
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