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1 Introduction

Model predictive control (MPC) is widely applied in the pro-
cess control field. This control scheme allows safe operation
of the controlled plant subject to boundary and operational
conditions. However, due to wear in the process and pos-
sible changes in the operational conditions, the desired per-
formance of the controller can only be sustained in a lim-
ited time period after its commissioning. Such problems are
either solved by enforcing the MPC to be robust w.r.t. all
possible changes of operational conditions and disturbances,
or by equipping the MPC with adaptation capabilities. In
our recent investigation, we found that the utilization ofor-
thonormal basis functions (OBFs) based model structures in
the MPC scheme, called as the MPC-OBF method, allows
adaptation w.r.t. possible changes in the plant while stability
of the closed-loop system in the allowed range of adaptation
is guaranteed.
The aforementioned MPC-OBF scheme is formulated such
that the stability and adaptability are detached from each
other. The stability is ensured by a terminal controller, while
the adaptability is governed by the iterative identification of
the model coefficients. Due to attractive properties of the
OBFs, the identification procedure results in consistent and
unbiased model estimates. Under minor conditions, it is
possible to show that the resulting adaptive scheme guar-
antee control performance in the sense of asymptotic set
point tracking. However, the possible tracking error, be-
fore it disappears asymptotically, has not been character-
ized. With a characterization of the error, we can analyze the
performance of the MPC-OBF scheme during the adaption.
The goal of this work is to characterize or derive a possi-
ble bound on the aforementioned error either via numerical
experiment or analytical expression.

2 Problem Setting

The cost function of the MPC-OBF is given as:

VN(x(k),u(k−1)) = (x(i)− xr(i))
⊤P(x(i)− xr(i))+

N−1

∑
i=0

‖ y(i|k)− r(k+ i) ‖2
Q + ‖ ∆u(i|k) ‖2

R, (1)

wherer(i) is the reference,y(i|k) is the predicted output,
∆u(i|k) is the control action increment,Q ≻ 0 andR ≻ 0 are
the weighting matrices expressing the control objective, and
P ≻ 0 is the solution of the control Lyapunov problem. The
i-th step ahead predicted output is given by:

y(i|k) = θ̂kx(i|k), (2)

which depends on the collection of model coefficientsθ̂k and
the predicted statex(i|k). For the particular(A,B)-form of
the OBF model, the state equation depends on the selected
basis functions which are determined by basis generating
filters. Since the filters are stable, the effect of initial state
gradually dies out. We can opt to avoid state estimation pro-
cedure and let the state evolution to depend only on the in-
put (control action) of the system. Hence, the tracking error
(in an appropriate signal norm) can be characterized by the
mismatch between the estimated coefficientθ̂k and the true
coefficientθk.

3 Problem Statement

Introduce the OBFs{φi(z)}n
i=1 that span the spaceΦ ⊂

RH 2 (Hardy space of all stable transfer functions, i.e. an-
alytic functions at the exterior of the unit disc). The OBFs
are chosen such that the true system

Gk(z) = Ḡk(z)+G⊥
k (z),Gk(z) ∈ RH 2 (3)

have negligible unmodeled dynamicsG⊥
k ∈ Φ⊥ (the orthog-

onal complement ofΦ). Given a current estimate of the sys-
tem Ĝk(z) ∈ Φ, the model mismatch can be characterized
as:

‖ Ḡk(z)− Ĝk(z) ‖H2=‖ θk − θ̂k ‖2≤ γ, (4)

whereγ ∈ R+ is the bound on the model error. Using this
expression, we can analyze the relation betweenγ, the cost
function (1), and the tracking error for a given reference
value. A possible analysis can be conducted numerically
using experiments with scenarios such as:

• Fixed θ̂k.

• Slowly varyingθ̂k with a fixed error boundγ.

Moreover, due to the terminal cost formulation of (1), the
MPC controller is none other than an LQR controller if the
operational constraints on the MPC controller are not active.
Hence, an analytical expression can be derived in the similar
manner as in robust performance analysis.
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