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PARAMETERS OPTIMIZATION OF PID CONTROLLERS FOR LEATHER MANUFACTURING PROCESS BY USING GENETIC ALGORITHMS
ABSTRACT. In this paperis proposed a control strategy for leather manufacturing process. This control strategy makes use of conventional PID control algorithms in
combination with an evolutionary optimization technique, namely geneticalgorithms. In order to find the parameters for the PID controllers, different performance
indexes are provided to the genetic algorithms. In this study the proposed control strategy is used to control one process parameter, namely the pH value.
Simulation results are presented. The results show performance improvement which proves that the proposed control strategy is able to make the closed-loop
system behave as expected according to different given performance indexes.
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OPTIMIZAREA PARAMETRILOR REGULATOARELOR PID PENTRU PROCESUL DE FABRICARE A PIELII UTILIZAND ALGORITMI GENETICI
REZUMAT. in aceastd lucrare se propune o strategie de control pentru procesul de fabricare a pielii. Aceast3 strategie de control utilizeaza algoritmi de control PID
conventionaliin combinatie cu o tehnica de optimizare evolutiva, si anume algoritmi genetici. Pentru a determina parametrii pentru regulatoarele PID, algoritmilor
genetici li se acorda diferiti indici de performanta. Tn acest studiu, strategia de control propusi este utilizatd pentru a controla un parametru de proces, si anume
valoarea pH-ului. Sunt prezentate rezultatele de simulare. Rezultatele aratd imbunatatirea performantei, ceea ce demonstreaza ca strategia de control propusa este
capabild sd induca sistemuluiin bucldinchisa un comportament dorit in functie de diferitiiindici de performanta stabiliti.
CUVINTE CHEIE: PID, algoritmi genetici, procesul de fabricare a pielii

L'OPTIMISATION DES PARAMETRES DE CONTROLEURS PID POUR LE PROCEDE DE FABRICATION DU CUIR EN UTILISANT DES ALGORITHMES GENETIQUES
RESUME. Cet article propose une stratégie de contrdle pour le processus de fabrication du cuir. Cette stratégie de controle utilise des algorithmes de contréle PID
classiques en combinaison avec la technique d'optimisation évolutive, a savoir les algorithmes génétiques. Pour déterminer les paramétres pour les contréleurs
PID, on fourni de différents indicateurs de performance aux algorithmes génétiques. Dans cette étude, la stratégie de controle proposée est utilisée pour controler
un parametre de processus, a savoir le pH. Les résultats de simulation sont présentés. Les résultats montrent une amélioration des performances, ce qui démontre
que la stratégie proposée est capable de rendre le systtme de controle en boucle fermée se comporter comme prévu en fonction de divers indicateurs de
performance établis.

MOTS-CLES: PID, algorithmes génétiques, processus de fabrication du cuir

INTRODUCTION

The PID controller is the most used and
appreciated controller, being present in industrial
applications for many years, proving its reliability in all
this time. For SISO (single input single output) linear
systems, the task of finding a suitable controller is fairly
easy at the moment, given the extensive and solid
grounds for PID controller design [1-3]. Given the fact
that most plants are not quite linear and the controller
design is made around an approximated model of the
considered process, the notion and practice of tuning
such controllers is widespread. When dealing with a

*

INTRODUCERE

Regulatorul PID este cel mai utilizat si apreciat
regulator (controler), fiind prezent in aplicatii
industriale de multi ani si dovedindu-si fiabilitatea in tot
acest timp. Pentru sistemele liniare SISO (single input
single output), sarcina de a gasi un regulator adecvat
este destul de usoara in acest moment, avand in vedere
experienta extinsa si solidda pentru proiectarea
regulatoarelor PID [1-3]. Avand in vedere faptul ca cele
mai multe procese nu sunt liniare si proiectarea
regulatorului se face Tn jurul unui model aproximativ al
procesului analizat, notiunea si practica de ajustare a
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SISO system, the task of further tuning PID controller in
closed loop is not very demanding, while in the case of
MIMO (multi input multi output) systems there is the
necessity of tuning more parameters. Combining this
notion with the varied classes of nonlinearities and
uncertainties that may occur, in one form or another, in
real plants, and also taking into account that
sometimes these nonlinearities and uncertainties
might make computing a suitable controller nearly
impossible, it stands to reason that the task of design
and tuning of PID controllers for MIMO systems
requires a certain degree of automation. In this paper,
the focus of such design and tuning is taken over by the
development, testing and validation of a heuristic
algorithm that will eventually find a desired set of
controllers fora MIMO system.

In [4] was presented a control strategy for leather
manufacturing processes affected by variant
communication delays. The control strategy is for
nonlinear SISO systems, based on a multi-agent control
structure with fuzzy-logic supervisor. Modeling MIMO
systems has been based on approximation and
linearization, as found in [5] and [6]. Control strategies
for MIMO systems employed over the years include a
wide range of techniques, from intelligent control, such
as hybrid fuzzy-logic-neural-network control strategies
[7], to adaptive control, some ensuring global stability
through control schemes based on linearization [8],
others resorting to multirate sampling in order to
resolve the different number of inputs and outputs
issue [9], or even taking on fuzzy-adaptive-based
control schemes[10].

In this paper the leather manufacturing process is
used as arelevant example of a MIMO non-linear system.

The paper is organized as follows. The authors
start by presenting the proposed control strategy using
genetic algorithms. In the next section is presented the
case study. Final section contains the conclusions and
the directions for future research.

PROPOSED CONTROL STRATEGY

General View of the Proposed Control Strategy

When considering the synthesis of control
systems for MIMO processes, a valid approach is

unor astfel de regulatoare sunt larg raspandite. Atunci cand
este vorba de un sistem SISO, sarcina de ajusta suplimentar
regulatorul PID in bucla inchisa nu necesita mult efort, in
timp ce in cazul sistemelor MIMO (intrari multiple iesiri
multiple) exista necesitatea de a ajusta mai multi parametri.
Combinand aceasta notiune cu diferitele clase de
neliniaritati si incertitudini care pot aparea, intr-o forma sau
alta, in procesele reale, si avand in vedere ca uneori aceste
neliniaritati si incertitudini ar putea face aproape imposibil
calculul necesar unui regulator adecvat, este logic ca sarcina
de proiectare si reglare a regulatoarelor PID pentru
sistemele MIMO necesita un anumit grad de automatizare.
in aceastd lucrare, sarcina de proiectare si reglare este
preluata de dezvoltarea, testarea si validarea unui algoritm
euristic, care va gasi in cele din urma un set dorit de
regulatoare pentru un sistem MIMO.

In [4] se prezintd o strategie de control a
proceselor de prelucrare a pieilor afectate de
intarzierile de comunicatii. S-a utilizat o structura de
control pentru sistemele neliniare SISO bazata pe
tehnologia multi-agent cu supervizare fuzzy-logic.
Modelarea sistemelor MIMO se bazeaza pe aproximare
si liniarizare, dupa cum se specifica in [5] si [6].
Strategiile de control pentru sistemele MIMO utilizate
de-a lungul anilor includ o gama larga de tehnici, de la
controlul inteligent, cum ar fi strategiile hibride de
control logica-fuzzy-retea-neuronalad [7], la controlul
adaptiv, unele asigurand stabilitate la nivel global prin
scheme de control bazate pe liniarizare [8], altele
recurgand la esantionari diferite pentru a rezolva
problema numarului diferit de intrari si iesiri [9] sau
chiarlasistemele de control fuzzy adaptive [10].

n aceasta lucrare procesul de fabricare a pielii este
folosit ca exemplu relevant al unuisistem neliniar MIMO.

Lucrarea este organizatd dupa cum urmeaza.
Autoriiincep prin a prezenta strategia de control propusa
folosind algoritmi genetici. in sectiunea urmatoare este
prezentat studiul de caz. Sectiunea finald contine
concluziile sidirectiile de cercetare viitoare.

STRATEGIA DE CONTROL PROPUSA

Privire generala asupra strategiei de control propuse

Pentru a face o sinteza a sistemelor de reglare
(control) pentru procesele MIMO, o abordare valabila
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finding one or a set of controllers by means of heuristic
optimization algorithms. This paper makes use of
Genetic Algorithms in order to find the (sub) optimal
tuning parameters for a set of conventional controllers
for different parameters of a leather manufacturing
process. The considered process is of MIMO (multi
input — multi output) type, presenting a moderate
level of complexity. The leather manufacturing
process requires having the displacements on each
controlled parameter. Simulation results showed that
a set of manually tuned controllers for each
displacement requires further tuning in order to
obtain the specified performance criteria: eliminating
any overshoot while trying to keep the response time
relatively short. The tuning parameters are adjusted,
in this paper, by means of GA optimization, while
taking into account four different types of
performance indexes: two general error minimization
indexes, a settling time minimizing index and an
overshoot eliminating index.

r IGENETIC ALGORITHM|
®| 4LGORITM GENETIC

<

este aceea de a gasi un regulator sau un set de
regulatoare prin algoritmi de optimizare euristici.
Aceasta lucrare utilizeaza algoritmi genetici pentru a
gasi parametrii optimi de ajustare pentru o serie de
regulatoare conventionale pentru diferiti parametri din
cadrul unui proces de fabricare a pielii. Procesul
considerat este de tip MIMO (multi input — multi output)
si prezinta un nivel moderat de complexitate. Procesul de
fabricare a pielii necesita reglarea fiecarui parametru.
Rezultatele simularii au aratat ca un set de regulatoare
proiectate pentru fiecare parametru necesita o acordare
suplimentara pentru a obtine criteriile de performanta
specificate: eliminarea oricarui suprareglaj, in acelasi
timp Tncercandu-se obtinerea unui timp de raspuns
relativ scurt. n aceasta lucrare, parametrii de acord sunt
optimizati cu ajutorul algoritmilor genetici (GA), luand in
considerare patru tipuri diferite de indici de
performanta: doi indici generali de minimizare erorii, un
indice de minimizare a timpului tranzitoriu si unindice de
eliminare a suprareglajului.

LEATHER .
MANUFACTURING PROCESS Xi
PROCES DE FABRICARE |FF—>

APIELI

Figure 1. The proposed control strategy
Figura 1. Strategia de control propusa

The proposed control strategy makes use of a set
of PID class controllers for the control of process
parameters, as presented in Figure 1, where: x,
represents the controlled displacement variables, r,are
the setpoints, u,are the control signals and O, represent
the sets of tuning parameters for each PID controller
employed in the system. The performance index to be
minimized is Fe{l, I,, I,, 1,}. These performance indexes
are discussed at the end of this section. Figure 2
presents the simulated response for one manually
tuned controller.
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Strategia de control propusa utilizeaza o serie de
regulatoare de clasa PID pentru controlul parametrilor
de proces, agsa cum este prezentat in Figura 1, unde: x,
reprezinta parametrii reglati din cadrul procesului, r,
sunt valorile de referintd, u, sunt semnalele de
comanda si O, reprezinta seturi de parametri de acord
pentru fiecare regulator PID folosit Tn sistem. Indicele
de performanta care trebuie redus la minimum este
Fefl, 1, 1, 1,}. Acesti indici de performanta sunt discutati
la sfarsitul acestei sectiuni. Figura 2 prezinta raspunsul
simulat pentru un regulator ajustat manual.




A.B. HANCHEVICI, S.A. GUTA

2

6 8

Time (sec)

Figure 2. Simulated response
Figura 2. Raspuns simulat

The time response of each system can be
considerably improved by fine-tuning the chosen PID
controller. This task is a difficult one, given the
interdependency of the controllers' parameters that
require further adjustment.

Genetic Algorithms

Genetic algorithms (GAs) are based on a heuristic
approach. As one of the most cited evolutionary
optimization techniques in literature, GAs are suitable
for a wide range of optimization problems, specifically
those that deal with modeling uncertainties and gross
approximations.

Based on the evolutionary survival-of-the-fittest
concept, GAs code the problem's possible solutions into
individuals. These form a population, for which an artificial
evolution is performed, the advance of generations being
obtained by means of natural selection.

The mainstepsofaGAare[11]:

- Populationinitialization;

- Fitness evaluation for initial population;

- While the termination condition is not met, for
each generation:

-Selection of the new population;

- Recombination of individuals;

- Fitness evaluation for current population;

GAs perform searches on multiple directions in
order to find the solution amongst a given
population, by evaluation the fitness of each
individual. The fitness is the result of an evaluation
function modeling a desired objective. Its
description is problem-specific, but its purpose is to
eliminate unwanted solutions from the gene pool.
The fitness function returns a minimization
performance index which in turn will be used for the

Timpul de rdspuns al fiecarui sistem poate fi
imbunatatit considerabil prin reglajul fin al
regulatorului PID ales. Aceasta sarcina este una dificila,
avand Tn vedere interdependenta parametrilor
regulatoarelor care necesitd ajustare suplimentara.

Algoritmi genetici

Algoritmii genetici (GA) se bazeaza pe o abordare
euristica. Fiind una dintre cele mai citate tehnici de
optimizare evolutiva din literaturd, GA sunt adecvati
pentru o serie largd de probleme de optimizare, mai
ales cei care se ocupa de incertitudini de modelare si
aproximari brute.

Pe baza conceptului evolutiv de supravietuire a
celui mai adaptat, GA codifica solutiile posibile ale
problemei in indivizi. Acestia formeaza o populatie,
pentru care se face o evolutie artificiala, iar generatiile
apar carezultatal uneiselectii naturale.

Principalele etape ale unui GAsunt [11]:

- Initializarea populatiei;

- Evaluarea conformitatii populatieiinitiale;

- Daca nu este indeplinita conditia de finalizare,
pentru fiecare generatie:

- Selectia unei noi populatii;

- Recombinareaindivizilor;

- Evaluarea conformitatii populatieiactuale;

GA efectueaza cautari in directii multiple pentru a
gasi solutia intr-o populatie datd, prin evaluarea
conformitatii fiecarui individ. Conformitatea este
rezultatul unei functii de evaluare care modeleaza
obiectivul dorit. Descrierea acesteia este specifica
problemei, dar scopul sau este de a elimina solutii
nedorite dintr-un fond genetic. Functia de
conformitate are ca rezultat un indice de performanta
dereducere laminimum care, la randul sau, va fi utilizat
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selection of the new generation. The lower the
performance index, the higher the fitness of an
individual (fitness=1/(performance index)), the
closeritis to the solution. The performance index of
the entire algorithm is given by the fitness of the
best population, or, should the case be, by the
fitness of the solution.

This paper tests three different selection
functions for the evaluated population. The roulette
wheel selection generates a roulette wheel in which
each individual is represented according to its fitness,
proportionally. The larger the fitness value, the more
room it will have on the wheel. The selection occurs by
generating a random number and counting the wheel
sections. The individuals with greater fitness are more
likely to be selected since they have a larger section of
the roulette wheel assigned. The rank selection
function makes use of a fitness-based sorted
population list, from which the extremes are
eliminated. The resulting population will then have
greater chances to be selected. The method has a
slower convergence than roulette wheel selection. The
tournament selection procedure involves running
several tournaments among a specified number of
individuals chosen at random from the evaluated
population. The winner of each tournament is
considered to be the one with the best fitness value,
and thereforeis selected for recombination.

Performance Evaluation

By means of the GA evolutionary optimization
technique, the parameters of the chosen PID
controllers are fine-tuned in a simulated environment.

In [12] is presented a genetic algorithm control of
a non-linear MIMO system. The main issue solved in
this paper is finding a suitable set of controllers for the
considered non-linear system. The results show
performance improvement of the system's
performances (settling time, steady stare error,
overshoot) afterimplementing the GA offline module.

In [13] is developed a method which allows the
controller designers to perform optimal tuning of PID
controller using an adaptive hybrid particle swarm
optimization algorithm, namely AHPSO.

In the current paper a set of four performance
indexes is analyzed, each with its own advantages and
disadvantages.
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pentru selectia unei noi generatii. Cu cat este mai mic
indicele de performantd, cu atdt mai mare este
conformitatea unui individ (conformitate=1/(indice
performantd)) si cu atat mai aproape este de solutie.
Indicele de performanta al intregului algoritm este dat
de conformitatea populatiei optime sau, daca este
cazul, de conformitatea solutiei.

in aceastd lucrare se testeazd trei functii de
selectie diferite pentru populatia evaluata. Selectia
genereaza o roata de ruleta in care fiecare individ este
reprezentat proportional in functie de conformitatea
acestuia. Cu cat este mai mare valoarea conformitatii,
cu atat mai mult spatiu va avea pe roata. Selectia are loc
prin generarea unui numar aleator si numararea
sectiunilor rotii. Indivizii cu conformitate mai mare au
mai multe sanse de a fi selectati, deoarece li se atribuie
o sectiune mai mare de roata. Functia de selectie
utilizeaza o lista a populatiei sortate pe baza
conformitatii, din care sunt eliminate extremele.
Populatia rezultatd va avea apoi sanse mai mari sa fie
selectata. Metoda are o convergenta mai lenta decat
selectia de tip roata de ruleta. Procedura de selectie de
tip competitie implica efectuarea mai multor
competitii Intre un numar de indivizi alesi la intamplare
din populatia evaluata. Castigatorul fiecarei competitii
este considerat a fi cel cu o valoare optima a
conformitatii si, prin urmare, este selectat pentru
recombinare.

Evaluarea performantei

Prin tehnica optimizarii evolutivda cu GA,
parametrii regulatoarelor PID alese sunt reglati intr-un
mediu simulat.

n [12] se prezinta un algoritm genetic de control al
unui sistem neliniar MIMO. Principala problema rezolvata
in aceastd lucrare este gdsirea unui set de regulatoare
adecvate pentru sistemul neliniar luat in considerare.
Rezultatele aratd imbunatatirea performantei sistemului
(timp tranzitoriu, eroare stationard, suprareglaj) dupa
implementarea modulului GA offline.

Tn [13] se dezvoltd o metodd care le permite
proiectantilor sa ajusteze optim regulatorul PID
utilizand un algoritm de optimizare hibrid adaptiv cu
roiuri de particule (AHPSO).

n aceastd lucrare se analizeazd un set de patru
indici de performanta, fiecare cu propriile avantaje si
dezavantaje.
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I, the ISE (Integral Square Error) performance
index is a general error minimizing index, making use of
the quadratic error values obtained at a step response
simulation:

I,: indicele de performanta ISE (eroarea patratica
integrald) este un indice general de reducere la
minimum, care utilizeaza valorile erorilor patratice
obtinute lasimularea unuirdaspunsintr-o etapa:

I, = Tsl(r)dz. (1)

By using this performance index the penalization
of positive and negative error values is achieved. ISE
performance index is not very sensitive to parameter
variations.

I,: the IAE (Integral Absolute Error) performance
index is a general error minimizing index, making use of
the absolute errorvalues:

Utilizand acest indice de performanta se
realizeaza penalizarea valorilor de eroare pozitive si
negative. Indicele de performanta ISE nu este foarte
sensibil la variatiile parametrilor.

I,: indicele de performantad IAE (eroarea absoluta
integrald) este un indice general de reducere la
minimum, care utilizeaza valori de eroare absolute:

L= (le(|at. (2)

IAE performance index has a better sensitivity
than ISE. Also, this performance index requires fewer
processor operations, as instead of computing the
square of error, only a removal of the sign is performed
inorder to obtain the absolute values.

I,;: the ITAE (Integral of Time multiplied by the
Absolute value of Error) is a very useful performance
index, which penalizes long-term responses:

Indicele de performanta IAE are o sensibilitate mai
buna decat ISE. De asemenea, acest indice de performanta
necesita mai multe operatii de procesare, deoarece in loc
sa calculeze patratul erorii, se realizeaza doar o inlaturare a
semnului pentruaobtine valorile absolute.

I, ITAE (integrala timpului inmultita cu valoarea
absoluta a erorii) este un indice de performanta foarte
util, care penalizeaza raspunsurile pe termen lung:

13:jz|a(r)|dz. (3)

This performance index is more selective than
ISE and IAE. ITAE performance index generally
produces oscillations and overshoots lower than IAE
and ISE. ITAE uses time values, which, for numeric
systems, are subjected to processor clock
communication delays.

I,: the IEC (Integral of Error and Command)
performance index makes use of the command values:

Acest indice de performanta este mai selectiv
decat ISE si IAE. Indicele de performanta ITAE produce
in general oscilatii si suprareglari mai mici decat IAE si
ISE. ITAE utilizeaza valori de timp, care, in cazul
sistemelor numerice, sunt supuse Iintarzierilor de
comunicare intre procesor si ceas.

1,: indicele de performanta IEC (integrala eroare si
comanda) utilizeaza valorile de comanda:

1,=[€0+pu ), (@)

where pis a strict positive command penalty factor.

By minimizing this performance index is provided,
besides the desired evolution of the error, the desired
transient response and a minimization of the command
in accordance with actuator limitations. Also, IEC
requires more computing capacity than the first three
indexes and is subject to the choice of the penalty
factor.

unde p este un factor de penalizare a comenzii strict
pozitiv.

Prin reducere rezultd acest indice de performanta, pe
langa evolutia dorita a erorii, raspunsul tranzitoriu dorit si o
reducere la minimum a comenzii in conformitate cu
limitarile elementului de executie. De asemenea, IEC
necesitd o capacitate de calcul mai mare decat primii trei
indici si este supus alegerii factorului de penalizare.
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CASE STUDY

For this study the control of one parameter was
considered, namely the pH value. This SISO (Single
Input Single Output) system is non-linear and it can be
approximated by the rational s-transfer function:

HP(S):

where K, is the gain, and T, represents the dynamics of
the plant.

This case study presents the comparative results
obtained using simulation setup. Making use of three
different selection procedures, the proposed control
architecture is tested. The performance criteria taken
into account include settling time, overshoot and
steady state error of the step response. Table 2
presents both simulation results for each of the cases
considered in this paper.

For the manually tuned controller, whose
simulated responses are presented in Figure 2, the
following performances were obtained (Table 1):

STUDIU DE CAZ

Tn acest studiu s-a luat in considerare controlul unui
singur parametru, si anume valoarea pH-ului. Acest
sistem SISO (Single Input Single Output) este neliniar si
poate fiaproximat prin functia rationala de transfers:

KP

AGs) T,-s+1

(5)

unde K, este factorul de amplificare, iar T, reprezinta
constanta detimp a procesului.

Acest studiu de caz prezinta rezultatele comparative
obtinute utilizdnd un proces de simulare. Arhitectura de
control propusa este testatd utilizand trei proceduri de
selectie diferite. Criteriile de performanta luate in
considerare includ timpul tranzitoriu, suprareglajul si
eroarea stationara ale raspunsului sistemului la intrare de
tip treapta. Tabelul 2 prezinta rezultatele ambelor simulari
pentrufiecare dintre cazurile analizatein lucrare.

Pentru regulatorul acordat manual, ale carui
raspunsuri simulate sunt prezentate in Figura 2, s-au
obtinut urmatoarele performante (Tabelul 1):

Table 1: Simulation performances for the manually tuned controller
Tabelul 1: Performantele de simulare ale regulatorului ajustat manual

Table 2: Simulation study analysis
Tabelul 2: Analiza studiului de simulare

AG10G RSF 40 4.2

AG25G RSF

AG25G RWSF 3.8 3.2

The cases analyzed in this paper are (Table 1, Table
2):ITP-the implicit tuning parameters are used; AG10G
RSF - the tuning parameters are obtained by running a
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Cazurile analizate in aceastd lucrare sunt
urmatoarele (Tabelul 1, Tabelul 2): ITP - s-au folosit
parametrii de reglare impliciti; AG10G RSF - parametrii de
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10 generation AG with ranking selection; AG20G RSF -
the tuning parameters are obtained by running a 20
generation AG with ranking selection; AG25G RSF - the
tuning parameters are obtained by running a 25
generation AG with ranking selection; AG50G RSF - the
tuning parameters are obtained by running a 50
generation AG with ranking selection; AG25G RWSF -
the tuning parameters are obtained by running a 25
generation AG with roulette wheel selection; AG25G
TSF - the tuning parameters are obtained by running a
25 generation AG with tournament selection. For all
the cases presented in Table 2, the steady state error
was 0.

2 4 6 8
Time (sec)
Figure 3. Simulated response of the best controller
for the first performance index
Figura 3. Raspuns simulat al celui mai bun regulator
pentru primul indice de performanta

1 e——
Lo05
¢ 2 4 6 8
Time (sec)

Figure 5. Simulated response of the best controller
for the third performance index
Figura 5. Raspuns simulat al celui mai bun regulator
pentru al treilea indice de performanta

Figures 3, 4, 5, and 6 present the simulation
responses for the best controllers out of all the
analysed cases. Comparing these results with the
implicit set of controllers found manually by a human
operator (Figure 2), the decrease in settling time is
significant for the system working with GA tuned
controllers.

reglare sunt obtinuti utilizand un GA de generatiaa 10-acu
selectie de tip clasament; AG20G RSF - parametrii de
reglare sunt obtinuti utilizand un GA de generatiaa 20-acu
selectie de tip clasament; AG25G RSF - parametrii de
reglare sunt obtinuti utilizand un GA de generatiaa 25-acu
selectie de tip clasament; AG50G RSF - parametrii de
reglare sunt obtinuti utilizand un GA de generatiaa 50-acu
selectie de tip clasament; AG25G RWSF - parametrii de
reglare sunt obtinuti utilizind un GA de generatia a 25-a
cu selectie de tip roata de ruleta; AG25G TSF - parametrii
de reglare sunt obtinuti utilizand un GA de generatia a
25-a cu selectie de tip competitie. Pentru toate cazurile
prezentatein Tabelul 2, eroarea stationara a fost 0.

2 4 6 8
Time (sec)
Figure 4. Simulated response of the best controller
for the second performance index
Figura 4. Raspuns simulat al celui mai bun regulator
pentru al doilea indice de performanta

2 4 6 8
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Figure 6. Simulated response of the best controller
for the fourth performance index
Figura 6. Raspuns simulat al celui mai bun regulator
pentru al patrulea indice de performanta

Figurile 3, 4, 5 si 6 prezinta raspunsurile simulate
pentru cele mai bune regulatoare din toate cazurile
analizate. Comparand aceste rezultate cu setul implicit
de regulatoare gasit manual de un operator uman
(Figura 2), scaderea timpului tranzitoriu este
semnificativa pentru sistemul care utilizeaza
regulatoare reglate cu GA.
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CONCLUSIONS

This paper presented a genetic algorithm based
control strategy for non-linear MIMO systems. The
main issue solved in this paper is finding suitable
parameters of PID controllers for the considered
system by providing different performance indexes to
the genetic algorithms. The control strategy was
applied to leather manufacturing process. Simulation
results show improvement in the system's
performances after implementing the GA offline
module. This proves that the proposed control strategy
is able to make the closed-loop system behave as
expected according to different given performance
indexes. A major issue in this paper was the
initialization procedure of the genetic algorithms which
can influence the outcome of the optimization
performed.

By analyzing the simulation and experimental
results, the proposed control strategy proved to be
better that the one proposed by [13]. With the
proposed control strategy were obtained better results
in terms of overshoot, while there cannot be made a
comparison in terms of settling time because in both
studies were considered different plants having
different dynamics. In the presented study more
performance indexes like ITAE, IEC were considered,
and again, the proposed control strategy proved its
efficiency.

The authors consider of major importance the
further study of the genetic algorithm control module
which can be enhanced by real-time optimization
implementation in a distributed fully-online control
system.
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CONCLUZII

Aceasta lucrare prezinta o strategie de control
bazatad pe un algoritm genetic pentru sisteme neliniare
MIMO. Principala problema rezolvata in lucrare este
gasirea unor parametri adecvati ai regulatoare PID
pentru sistemul studiat prin stabilirea unor diferiti
indici de performantd pentru algoritmii genetici.
Strategia de control a fost aplicata procesului de
fabricare a pielii. Rezultatele simularii arata o
imbunatatire a performantei sistemului dupa
implementarea modulului GA offline. Acest lucru
demonstreaza ca strategia de control propusa are
capacitatea de a induce sistemului Tn bucla inchisa un
comportament dorit in functie de diferitii indici de
performanta stabiliti. O problemd majora a fost
procedura de initializare a algoritmilor genetici, care
poate influenta rezultatul optimizarii efectuate.

Analizand rezultatele experimentale si ale
simularii, strategia de control propusa s-a dovedit a fi
mai bund decat cea propusa in [13]. Cu strategia de
control propusa s-au obtinut rezultate mai bune in ceea
ce priveste suprareglajul, dar nu se poate face o
comparatie in ceea ce priveste timpul tranzitoriu
deoarece in ambele studii s-au analizat diferite fabrici
cu dinamici diferite. Tn acest studiu s-au luat in
considerare mai multi indici de performanta, precum
ITAE, IEC, si din nou, strategia de control propusa si-a
dovedit eficienta.

Autorii considera de mare importanta
continuarea studierii modulului de control cu algoritmi
genetici care poate fi iImbunatatit prin implementarea
unei optimizari in timp real Intr-un sistem de control
distribuitintegral online.
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