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a b s t r a c t

Model predictive control (MPC) is a suitable strategy for the control of large-scale systems that have
multiple design requirements, e.g., multiple physical and operational constraints. Besides, an MPC con-
troller is able to deal with multiple control objectives considering them within the cost function, which
implies to determine a proper prioritization for each of the objectives. Furthermore, when the system has
time-varying parameters and/or disturbances, the appropriate prioritization might vary along the time as
well. This situation leads to the need of a dynamical tuning methodology. This paper addresses the
dynamical tuning issue by using evolutionary game theory. The advantages of the proposed method are
highlighted and tested over a large-scale water supply network with periodic time-varying disturbances.
Finally, results are analyzed with respect to a multi-objective MPC controller that uses static tuning.

& 2017 ISA. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Model predictive control (MPC) is one of the most used control
techniques in industrial applications because of its versatility to
deal with multiple design requirements. The MPC controller is an
optimization-based technique that computes an optimal control
sequence that minimizes a multi-objective cost function subject to
physical and/or operational constraints. However, multiple control
objectives imply to assign a prioritization weight for each objec-
tive. The task of finding the appropriate set of the aforementioned
weights is known as the MPC tuning problem. In many cases, the
tuning procedure is determined intuitively depending on the en-
gineering application, or the adequate weights are found by a trial-
and-error procedure. Furthermore, applications of large-scale
nature, the consideration of a large number of constraints, and/or
the need of including several control objectives make even more
complex to determine the appropriate values for the MPC tuning
weights. Therefore, the necessity of developing self-tuning meth-
odologies has arisen. Additionally, when having time-varying
parameters, disturbances and/or nominal conditions within the

system, the appropriate tuning may also vary through time.
The tuning problem has been discussed by many authors and

by using different approaches. A general review about different
on-line and off-line tuning approaches for MPC controllers is
presented in [6]. An alternative to determine the appropriate
tuning of MPC controllers is by matching the MPC performance
with the performance of a pre-established controller. For instance,
in [5] the tuning of an MPC controller is computed based on a
matching to a desired reference controller, then weights are ad-
justed in order to obtain a behavior close to the performance of the
mentioned reference controller. Afterwards, an extension of this
approach has been presented in [30]. In [27], the matching to a
linear controller is also used to determine the values of the MPC
parameters for multiple-input-multiple-output systems. Authors
in [20] present a tuning methodology for the weights of an MPC
controller in the frequency domain using also control matching. In
[35], an automatic tuning strategy is proposed consisting of a
controller and a state observer. In [1], a tuning strategy is studied
with an optimization algorithm, which uses an approximation
between both a closed-loop predicted output and the parameters
that can be adjusted in the MPC controller, and in [26] an optimal
tuning of MPC policies with simultaneous perturbation stochastic
approximation is presented. Other perspectives to solve the pro-
blem without the use of a reference model have emerged. For
instance, in [29] it is proposed to compute several points of the
Pareto front associated to the cost function in a multi-objective
MPC controller. Then, a pre-established management point allows
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to determine the desired value within the Pareto front from which
the appropriate tuning weights are determined. In [40], the system
output is controlled to maintain it within a region instead of
achieving a reference point. Therefore, weights are selected to
penalize the output error with respect to a zone for a crude dis-
tillation unit. Besides, heuristic directions have also been used to
determine the appropriate tuning in an MPC controller as in [38].
Moreover, in [32] and [8] the authors use neural networks and
fuzzy-based decision making to establish a tuning in an MPC
controller, illustrating examples for a mixing tank and for water
networks, respectively. Further methods have been explored in the
tuning task. In [36], a two-step off-set free tuning procedure is
proposed. At first stage, the setup of a nominal MPC loop is made,
and then the second step is in charge of adapting the external
reference. In [31], a systematic tuning procedure is presented by
using multi-objective optimization methods; in [10], a robust
tuning problem for a two-degree-of-freedom MPC is presented for
single-input-single-output system; and authors in [15] have pre-
sented a self-tuning of the terminal cost in an economic MPC
controller.

On the other hand, game theory has gotten special importance
in the last years for the design of control and decision-making
algorithms. A general view about the role of game theory in dis-
tributed control is presented in [13]. It is shown that game theory
is quite suitable to achieve global objectives by setting local rules.
Furthermore, evolutionary-game theory allows to model the evo-
lution of agents when they interact strategically in a population
[37,25]. In the evolution process of the population, each rational
agent makes rational decisions in order to pursue an improvement
over its benefits until reaching a scenario where it is not possible
to obtain an enhancement by unilaterally making a decision (this
situation is given by a Nash equilibrium). Besides, evolutionary
game theory allows to design systems that guarantee convergence
to a Nash equilibrium. Additionally, there is a close relationship
between the Nash equilibriumwith a maximum point in a concave
constrained optimization problem due to the fact that under cer-
tain conditions the Nash equilibrium satisfies the Karush-Kuhn-
Tucker (KKT) first-order conditions [25], making evolutionary-
game theory a powerful tool to address optimization-based con-
trol design. For instance, in [2,4,12,17,21–24], and [28], a game-
theoretical approach has been presented for optimization and/or
control purposes. Given the suitability of game theory in control
applications and its relationship with optimization, this paper
proposes a dynamical tuning methodology based on evolutionary
game theory.

The contribution of this paper is a novel methodology for the
on-line dynamical tuning of a multi-objective MPC controller
based on evolutionary game theory. The method consists of a
normalization of the cost function associated to the optimization
problem that the MPC controller solves to determine the optimal
control inputs at each time instant, and a population game that
fixes the appropriate set of prioritization weights according to a
desired region over the Pareto front known as management region.
Furthermore, the method establishes a weighted sum, i.e., the sum
of all weights should be equal to one [7]. The population game is
solved by using a discrete version of the projection dynamics,
which converge to a Nash equilibrium. It is shown that the pro-
jection dynamics satisfy the constraint given by the weighted sum,
and the stability analysis of the Nash equilibrium under the dis-
crete projection dynamics is formally presented. Some of the
aforementioned previous works related to the tuning problem
require either a reference controller or an observer, e.g., [5,27], and
[35]. Differently, the proposed method, based on population dy-
namics, do not require a reference controller. Moreover, other
control strategies need to compute several points in the Pareto
front in order to select an appropriate prioritization, which implies

a high computational burden, e.g., [29]. As an advantage, the
proposed method does not require to generate multiple points
within the Pareto front associated to the multi-objective cost
function in an MPC controller. Furthermore, most of the tuning
techniques are static and performed off-line as part of a design
procedure. Nevertheless, the proposed tuning methodology can
continuously adjust the prioritization of the control objectives to
maintain the system operating within the desired management
region. In order to illustrate the enhancement over the perfor-
mance of an MPC controller using the dynamical population-
games-based tuning, the proposed methodology is applied to a
large-scale water supply network. The results are analyzed and
compared with respect to a multi-objective MPC controller with
static tuning.

The remainder of this paper is organized as follows. Section 2
introduces the background associated to multi-objective pre-
dictive control and population games. This section also introduces
a discrete version of the projection dynamics and formally pre-
sents their properties. Section 3 presents the proposed dynamical
tuning based on population games, explaining in detail its differ-
ent steps (normalization and dynamical weighting procedure).
Then, Section 4 introduces the water supply network application,
its control objectives, and motivates the necessity for im-
plementing a dynamical tuning strategy. Furthermore, this section
compares the results of a predictive controller with standard static
tuning with respect to results when implementing the proposed
dynamical tuning. Simulation results are analyzed and discussed
highlighting the enhancement of the performance when adopting
the dynamical tuning based on population games. Finally, con-
cluding remarks are drawn in Section 5.

Notation

All column vectors are denoted by bold style, e.g., x . Matrices
are denoted by bold upper case, e.g., A . In contrast, scalars are
denoted by non-bold style, e.g., n. The sets are denoted by calli-
graphic upper case, e.g.,  . The norm ∥ ∥x of the vector ∈x nx is

defined as ∥ ∥ = ⊤x x x . The identity matrix of size ×n n is de-
noted by n, n is the column vector with n unitary entries, i.e.,

 ⎡⎣ ⎤⎦= … ∈⊤
1 1n

n, the vector of null entries and suitable di-
mensions is denoted by 0, and ( )pdiag is the diagonal matrix of the
vector p. Finally, real numbers are denoted by  , all the non-ne-
gative numbers are denoted by ≥0, and all the strictly positive
real numbers are denoted by >0. Similarly, the integer numbers,
non-negative integer numbers, and the strictly positive integer
numbers are denoted by  , ≥0, and >0, respectively. Throughout
this document, both continuous- and discrete-time systems are
treated. Therefore, ∈ ≥k 0 denotes that the system is described in
discrete time, whereas the use of time denoted by t in the con-
tinuous-time expressions is mostly omitted in order to simplify
the notation. Regarding the discrete time notation for the MPC
controller, ( + | )k j kx denotes the prediction made at time k of the
vector x for time +k j, where ∈ ≥k j, 0, i.e., in the argument
( + | )k j k , the first element +k j indicates discrete time for predic-
tion, whereas the second element k indicates the actual discrete
time.

2. Background

Prior to presenting the proposed population-games-based dy-
namical tuning, it is necessary to introduce some preliminary
concepts that are used throughout the paper. First, some pre-
liminaries related to the multi-objective MPC design and its cor-
responding optimization problem statement are introduced.
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