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NEW PERFORMANCE IMPROVEMENT TECHNIQUES OF CONTROL SYSTEMS USING

EXPERIMENT-BASED TUNING

Goal of the project

Enhance the existing techniques and develop new techniques dedicated to the improvement of control system performance using experimental

data

Short description of the project

The project aims:

® Enhancement and development of data-based (data-driven)
techniques and algorithms for improving control system
performances using experimental data.

* Enhancement and development of nature-inspired algorithms n
optimization of control system performance.

* Development of optical character recognition (OCR) applications.

* Development of new fuzzy control solutions for a wide range of
industrial processes

Project implemented by

Department of Automation and Applied Informatics

Implementation period
2011-2016

Main activities

* Application of Iterative Feedback Tuning (IFT) to controller tuning
for nonlinear control systems with constraints.

* Model-Free Adaptive Control strategies applied to multivariable
(MIMO) aerodynamic systems.

* An experiment-based approach to Reference Trajectory Tracking
optimal control problem with constraints.

* Validation of iterative techniques on laboratory equipment: liquid
level control, motion control systems with motor actuation (speed
and position control).

* Enhancement of control systems performance by fuzzy control,
IFT and nature-inspired optimization algorithms (Charged System
Search, Gravitational Search Algorithms).

* Pland fuzzy controller tuning to ensure a reduced sensitivity with
respect to the parametric variations of processes.

* Enhancement of the training algorithm of Convolutional Neural
Networks using a mixed approach of Back-Propagation and
Gravitational Search Algorithm.

Results

® 7 papers published in Thomson Reuters Web of Science (formerly
ISI'Web of Knowledge) journals with impact factors in 2014.

® 7 papers published in conference proceedings and book chapters
indexed in Thomson Reuters Web of Science (formerly 151 Web of
Knowledge or ISI Proceedings) in 2014.

° 2 papers published in conference proceedings indexed in
international databases (IEEE Xplore, INSPEC, Scopus) in 2014,

® 1 book chapter published in a Springer-Verlag volume.

reference position (dashed) vs. controlled position (solid)

[— I

iteration 2 ferion20 [»—;
3 18071710 1800
time (s)
control signal with upper and lower contraints
.l o)
S
2
&y W 7 iteration 1 /' iteration 2 /' Recn 21
s
£ of
s
8
01
i
0 90 180/1710 1800

time (s)
control signal rate with upper and lower constraints

/,“J\”*' iteration 20 /’J\/\WM

I

control signal rate
o

0 90 18071710 1800
time (s)

control signal
(P¥WM duty cycle)

control signal rate

0 5 10 15 20 25 30 35 40
time (s)

45



46

F” ] * Aylk) Differentiatur:__
| Dik) Estimator[™
| — - T T o !
. el - — — — Aufk-1)
i
H |
1. > YYYY
| |‘rr1|{|‘¢]' €1(k) u(k) va(k)
|1 n > >
| — — i{klp MFC /
| A () MFAC Process
L _‘ =
valk) ;Ez{k} uz(k) . ‘r‘z'{kL
Applicability and transferability of the results Research team

Control systems with a reduced parametric sensitivity, tools for the
computer-aided design of controllers, computer-aided techniques in
iterative data-based control, nature-inspired optimization algorithms
in control design and image processing, tools for the systematic

development of fuzzy control systems.
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