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1 Introduction

This research aims at automating the process of system
identification and control synthesis for complex systems by
means of evolutionary symbolic tools that result in inter-
pretable models and control laws, enabling compact and
efficient controller implementations for cyber-physical sys-
tems. The work primarily focuses on building a new frame-
work for computing data-driven models that incorporates
symbolic regression analysis.

2 Symbolic Regression and System Identification

Symbolic regression is a novel evolutionary optimization
technique that searches for analytical expressions that fit
measured numerical data. Symbolic regression has gained
much attention recently in the scientific community for its
ability to find mathematical laws that explain observed phys-
ical phenomena automatically, without human intervention
[1]. This has opened the path for the creation of a “robot
scientist” where mathematical expressions are manipulated
by a machine in a similar way as humans do. Symbolic re-
gression has the potential to change many fields of science,
in particular giving answers to many challenges of system
identification and control.

The major handicap of the state-of-the-art of system iden-
tification is the selection a priori of an actual model class.
This involves imposing assumptions on the structural rela-
tionships of the model, which requires vast experience from
the user [2] and often leads to costly iterative processes to ar-
rive at valid structural knowledge. For these reasons, system
identification remains an arduous and challenging task.

The proposed scheme to incorporate symbolic methods in
the process of system identification and controller synthesis
is illustrated in Fig. 1. The numerical data from experi-
ments (N), symbolic models (M), their properties (P) and
the synthesized controller (C) form the chief components
of the evolutionary scheme. Existing methods of identifi-
cation, control and experiment design are viewed as oper-
ators that enable the evolution of these components. The
symbolic plant models and the synthesized controllers con-
structed during the evolution process are evaluated using a
user-define fitness criteria. The fitness scores are used to de-

Figure 1: Proposed evolutionary scheme for identification and
control

termine the pareto front of the genetic optimization process,
which allows one to determine the best trade-off between
model performance and complexity.

The primary focus of this research lies on the evolution of
models M. These models are built from fundamental blocks
such as noise structures, dynamic structures (shift opera-
tors), non-linearities, signal elements, and so on. Symbolic
regression manipulates these basic blocks to find a solution
in the model space that best explains the numerical data N,
according to an appropriately defined cost function. Thus,
this method of identification is not restricted by assump-
tions on the structure of the model, but by the parameter-
ized blocks that a model can be built from. Additionally,
parameterization of the components of a model allows this
approach to be relevant for cyber-physical systems, which
are typically characterized by logical operators in addition
to the other components mentioned above.

The main objective of this project is to develop a novel soft-
ware tool that automatically manipulates models in order to
satisfy complex modeling or control objectives dictated by
economical, performance and safety specifications.
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