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REZUMAT

Tehnicile de Inteligenţă Artificială constituie un domeniu relativ nou de
cercetare, ı̂ncurajat de puternica dezvoltare a tehnicii de calcul din ultimele
decenii. Fundamentele teoretice ale Inteligenţei Artificiale (IA) reprezintă un
domeniu activ ı̂n care apar idei şi modele noi, aplicaţiile practice ale tehni-
cilor IA fiind ı̂ncurajatoare.
Tematica abordată ı̂n această teză de doctorat se ı̂nscrie ı̂n direcţia inves-
tigării posibilităţii de aplicare a tehnicilor evolutive ale Inteligenţei Artificiale
ı̂n reglarea avansată a proceselor. Fiind un domeniu mai recent de cercetare,
tehnicile evolutive au un impact mai redus ı̂n metodele de abordare a reglării
avansate, unde predomină tehnicile clasice, bine fundamentate teoretic.
Teza de doctorat are ca obiective:

- investigarea structurilor convenţionale şi avansate de automatizare pentru
procesele de fracţionare din perspectiva aplicării tehnicilor evolutive
din Inteligenţa Artificială

- realizarea unui model matematic de simulare riguros pentru procesul de
separare al amestecului propan-propenă, ţinând cont de condiţiile ı̂ntâlnite
ı̂n industrie

- proiectarea şi realizarea unui simulator bazat pe modelul dezvoltat

- propunerea unui sistem de reglare avansat bazat pe modele neliniare de tip
NARMAX determinate cu ajutorul algoritmilor genetici

- investigarea performanţelor unui sistem de reglare după perturbaţie bazat
pe modelul Fenske-Underwood-Gilliland pentru care a fost dedusă o
corelaţie utilizând tehnica programării genetice

Structura tezei de doctorat:

Introducere - prezintă problematica abordată ı̂n prezenta teză de doctorat,
obiectivele propuse şi oportunitatea alegerii temei

Capitolul 1 - prezintă fundamentele procesului de fracţionare, având ı̂n
vedere fracţionarea binară, structurile convenţionale de reglare şi suc-
cint tehnici noi de reglare bazate pe model.
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Capitolul 2 - fundamentează tehnicile evolutive din punctul de vedere al
automatizării proceselor şi totodată un studiu bibliografic cuprinzător
pentru aplicaţiile industriale ale acestor tehnici.

Capitolul 3 - prezintă contribuţiile autorului la caracterizarea şi modelarea
procesului de fracţionare a amestecului propan-propenă şi descrierea
simulatorului realizat pentru a implementa modelul matematic dinamic
dezvoltat.

Capitolul 4 - dezvoltă o metodă de identificare a procesului de fracţionare
bazat pe modele neliniare de tip NARMAX utilizând algoritmii ge-
netici, este propusă o schemă de reglare avansată care utilizează predicţia
ieşirii procesului identificat şi de asemenea este implementată o struc-
tură de reglare după perturbaţie având la bază o corelaţie dezvoltată
folosind tehnica programării genetice.

Capitolul 5 - concluzii generale şi direcţii viitoare de cercetare
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1.4.2 Reglarea bazată pe model . . . . . . . . . . . . . . . . . . . . . . 34
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3.4 Realizarea simulatorului . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

3.4.1 Modelarea unui taler teoretic . . . . . . . . . . . . . . . . . . . . 83
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3.5 Rezultate ale simulării . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
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A21, A22 indică apelare . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
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4.23 Corelaţia grafică propusă de Gilliland şi curba Eduljee . . . . . . . . . . 139
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de alimentare F cu -10% . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
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3.12 Rutine folosite pentru calculul entalpiilor vapori şi lichid . . . . . . . . . 85
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Artificial Intelligence techniques represent a relative new area of scientific research, en-

couraged by the powerful development of computer software and hardware in the last

decades. Theoretical foundation of Artificial Intelligence (AI) is an active research do-

main where new theories and ideas are welcomed, practical applications of AI techniques

increasing every year.

The guiding idea of this doctoral thesis is to investigate the possibilities of applying

evolutionary techniques of Artificial Intelligence to advanced process control of chemi-

cal processes, mainly distillation processes. Being a new area of research, evolutionary

techniques have generally a low impact upon the methods used by the researchers in the

domain of process control.

The objectives of the thesis are:

- analysis of the existing conventional process control structures used in the chemical

process control area from the point of view of applying evolutionary techniques

- development of a mathematical model for the distillation process of propane - propy-

lene mixture in order to obtain a greater accuracy for the stationary and dynamic

response of the process

- designing a simulator based on the proposed mathematical model, simulator which can

offer many opportunities to investigate different aspects of this complex process,

being also an open system



- identification of the process with the aid of NARMAX models, optimized by genetic

algorithms

- investigate the performance of a feedforward controller for the distillation column based

on a model developed with the aid of genetic programming

Structure of the doctoral thesis:

Introduction - Describes the objectives of the thesis and also the opportunity of the

theme in the present context

Chapter 1 - Presents the theoretical foundation of the distillation process, especially

binary distillation, the conventional process control schemes applied to distillation

columns and also a short insight into advanced control schemes

Chapter 2 - Presents the theoretical fundamentals of evolutionary techniques with re-

garding to the possibilities of applying them to advanced process control. Biblio-

graphical study of industrial applications of evolutionary techniques in the area of

process control: system identification, controller design etc

Chapter 3 - Author contributions to the characterization and modeling of the distilla-

tion process for the propane - propylene mixture and to the design of a computer

simulator based on the mathematical model developed

Chapter 4 - Develop a method of identification for the distillation process based on non-

linear NARMAX models using genetic algorithms, suggests an advanced control

scheme based on a NARMAX model and validates a feedforward control scheme for

propane - propylene distillation column based on a model developed with the aid

of Genetic Programming

Chapter 5 - Final conclusions, synthesis of original contributions and future research

directions
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