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Abstract

e A Gaussian process optimization method for input
design is presented.

e The method is suitable for nonlinear models.

Input design problem

Nonlinear state-space model:

xi|re—1 ~ fo(ze|wi—1,up—1),
Yelwe ~ go(yelze, ue),
xo ~ (o),

Objective: Design uy.7 := (uy, ..., ur) € CT optimizing

av 1
I;O) (Ul:T) = TEu {I}G:‘O (ulzT)} )
where

IIOPO(UI:T) =E {S(eo)ST(90)| ul;T} s
8(90) = v£0(yl:T)|9:90 )
Lo(yr.1) = log pe(y1.7|u1.T) -

Problem: Find an input signal u¥. € C* as

W = arg max_ (T (urr))
w7 €CT

where h: R™*™ — R is a matrix nondecreasing function.
Challenges:

° I§O*av(uLT) unavailable in closed form.

= Estimate Iﬁ?’av(ulzT) using particle methods.

e Tractable parametrization for wuy.p.

= Restrict {u;} to, e.g., stationary AR process or
stationary Markov process.

o h(If,P’a"(ulzT)) difficult to optimize.

=- Use Gaussian process optimization technique.

GPO in input design

(i) Given uglf%,Acompute an estimate of h(I%”’aV(uglfT)),
denoted by hy.

(i) Estimate 2(Zp" (uir)) given Dy = {ul), A}k,
and h(Z9™ () ~ GP (m(-), K(-, -)).

(iiiy Given h(Z%™ (uy.r)), generate u{*") as

ugl;c;l) =arg max_ E{I(u1.r) Dy},
uy. 7 €CT

I(uy.7) := max {0, hZP™ (ur.7)) = fimax — 5} ,

Pmax = max  p(ur.r|Dy).
ul:Teu(lch)-

u(-|Dy,): Posterior mean of h(I§°7aV(-)) given Dy.

Example
1
$t+1|$t ~ N(m + ut,O.lz),
yt|xt NN(ﬁxt2712>7

0 = {~,B}, T =103, h(-) = logdet(-) and §p = {2,0.8}.
{u+}: Markov process with n,, = 1 and three cases for C:

e Case1l: C={-1,1}.

e Case2: C={-1,0,1}.

e Case3:C={-1,—-1/3,1/3,1}.
Results:

Input || Binary opt. Case1l opt. Case?2 opt. Case 3

hort 411 411 4.15 4.44
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Figure 1. 7y, and pmax at iteration & for Case 3.
Future work
e Include model uncertainty.

e Online procedure to design u;.7.
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