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PREFATA

Al doilea volum al lucrarii AUTOMATICA are ca obiectiv prezentarea stadiului actual al
cercetarilor din domeniul sistemelor cu mai multe intrari si iesiri, al sistemelor stocastice,
adaptive, inteligente, precum si al sistemelor cu evenimente discrete, al sistemelor hibride, cu
intarziere §i al celor cu parametri distribuiti.

Acest volum prezinta sintetic atdt rezultate teoretice, cat si rezultate procedurale legate de
implementarea unor tehnici avansate de conducere a proceselor complexe.

Astfel, in capitolul al 19-lea sunt prezentate principalele aspecte privind Inegalitatile
Matriciale Liniare (IML) in teoria sistemelor §i in sinteza H,/Ho, dar §i metodele numerice pentru
rezolvarea problemelor de programare liniard si de programare semidefinitd. In acelasi timp, sunt
evidentiate domeniile de aplicabilitate a acestor rezultate teoretice in automaticd, prelucrarea
semnalelor si economie.

Capitolele 20, 21 si 22 se constituie intr-o sinteza de actualitate a rezultatelor notabile din
domeniul analizei si sintezei sistemelor cu mai multe intrari si mai multe iesiri. Sunt prezentate
principalele instrumente de reprezentare formala a sistemelor multivariabile, reprezentari de stare
§i reprezentari intrare-iesire, sub forma unor matrice de transfer rationale. Totodata, sunt prezentate
realizari generalizate de stare, dar §i elemente structurale in termenii realizarilor. Capitolul al 21-lea
trateaza cele mai importante rezultate din sinteza sistemelor cu mai multe intrari si mai multe iegiri
(MIMO), fiind evidentiate aspecte specifice de parametrizare a regulatoarelor, reducere patrata a
sistemelor generalizate §i sinteza a compensatoarelor cu alocarea structurii, dar si diferite
probleme de factorizare, inclusiv factorizari coprime normalizate generale.

Capitolul 22 reprezinta o sinteza a problematicii sistemelor de reglare robusta. Prima parte a
capitolului cuprinde rezultate generale ine teoria sistemelor si teoria Riccati generalizatd. In partea a
doua se regdasesc solutiile unor probleme specifice de reglare robusta, fiind aduse in dezbatere §i
cdteva exemple de triplete Popov importante in reglarea robusta si optimala a sistemelor.

In capitolul 23 sunt prezentate sintetic principalele elemente de analizd si sintezd a sistemelor
stocastice de reglare. Prima parte a capitolului descrie elementele esentiale asociate variabilelor si
proceselor stocastice, pentru ca in partea a doua sa se identifice metodele si procedurile de sinteza
a sistemelor supuse actiunii perturbatiilor descrise ca procese stocastice. Se formuleaza si se dau
solutii problemelor de conducere optimala in mediu stocastic, inclusiv sinteza filtrelor Kalman.

Capitolul 24 sintetizeaza principalele rezultate teoretice si aplicative referitoare la sistemele
adaptive, fiind analizate cele mai eficiente arhitecturi de sisteme adaptive, metode §i tehnici de
estimare adaptiva, de sinteza a legii de conducere adaptiva, atat pentru SISO, cdt si pentru sisteme
MIMO.

Problematica conducerii predictive a proceselor este abordata in capitolul al 25-lea. Astfel, se
formuleaza problema conducerii predictive bazate pe model-MPC (Model Predictive Control) si se
sintetizeaza legea de conducere predictiva, pentru modele liniare §i modele neliniare. De
asemenea, se evidentiaza elemente specifice implementarii acestor strategii de conducere, in
prezenta restrictiilor functionale §i structurale impuse de particularitatile proceselor conduse.

O sinteza a celor mai importante rezultate teoretice privind analiza §i sinteza sistemelor cu
intarziere este prezentata in capitolul al 26-lea. Dupa o scurta introducere in problematica sistemelor
cu intdrziere, sunt explicate modelele asociate acestora, ecuatiile diferentiale liniare cu argument
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deplasat si solutiile. Proprietatile structurale si stabilitatea sistemelor cu intarziere sunt, de asemenea,
subiecte abordate, pentru ca, partea finala a capitolului sa dezbata problema structurilor
conventionale de reglarea proceselor cu timp mort.

In capitolul 27 se regdsesc unele rezultate referitoare la modelarea, analiza si sinteza
sistemelor cu parametri distribuiti, fiind evidentiate particularitatile sistemelor de conducere a
proceselor descrise cu ajutorul ecuatiilor cu derivate partiale si limitarile introduse prin
aproximatiile modelelor matematice asociate acestora.

Capitolul 28 sintetizeaza sistemele cu evenimente discrete, cu prezentarea modelelor asociate,
a retelelor Petri, a retelelor Petri temporale si hibride, automate etc. Modelele specifice de sinteza
a sistemelor cu evenimente discrete, cu exemplificari in domeniul controlului traficului si al
fabricatiei, precum §i cele mai importante rezultate din domeniul sistemelor hibride legate de
modelare, analiza si sinteza constituie temele capitolului 29, in care este descrisa, ca aplicatie,
conducerea optimala §i predictiva a sistemelor hibride.

Ultimul capitol al acestui volum abordeaza o sinteza a problematicii sistemelor de conducere
inteligente, analizand arhitecturi ale sistemelor inteligente de conducere, metodologii inteligente §i
arhitecturi ale sistemelor inteligente hibride, cu evidentierea directiilor de cercetare i a unor
rezultate aplicative ale sistemelor inteligente.

Analiza la zi a principalelor rezultate din domeniul teoriei sistemelor, al strategiilor avansate
de conducere a proceselor, caracterizate prin modele matematice §i modele lingvistice, evidentiaza
necesitatea utilizarii unor modele cu adecvanta maxima la realitate in cazul unor procese de mare
complexitate.

Integrarea calculatoarelor, a comunicatiilor si a strategiilor avansate de conducere a
proceselor fizice genereaza o noua clasa de sisteme complexe de tipul Cyber Physical Systems
(CPS). Modelarea, analiza si proiectarea acestor sisteme cu luarea in consideratie atat a calitatii
performantelor (QoC), cat si a puterii de calcul si a comunicatiilor ca servicii (QoS) presupun
dezvoltarea unei noi teorii a sistemelor complexe, o teorie a ,,sistemelor de sisteme”.

Larga aplicabilitate a acestor sisteme complexe impune considerarea tuturor aspectelor
legate de functionarea ca sisteme stocastice, neliniare hibride, insa, impactul acestei paradigme
CPS asupra stiintei si tehnologiei este astazi greu de estimat.

Prof. univ. dr. ing. loan Dumitrache
Membru corespondent al Academiei Romdne



FORWORD

The second volume of AUTOMATICA is aiming at presenting the current status of multiple-
input multiple-output systems, of stochastic, adaptive, intelligent systems, as well as discrete event
systems, hybrid systems, delayed systems and distributed parameters systems.

This volume synthesizes both theoretical and procedural results regarding the implementation
of advanced control techniques for complex processes.

Hereby, in chapter 19 of this work there are presented the main aspects regarding Linear
Matrix Inequalities (LMIs) in systems theory and H»/H, synthesis, but also numerical methods for
solving linear programming and semidefinite programming problems. At the same time, the
domains from automation, signal processing and economics in which these theoretical results can be
applied, are also presented.

Chapters 20, 21 and 22 represent an up-to-date synthesis of notable results from the domain of
analysis and synthesis for multiple-input, multiple-output systems. The main tools for formal
representation of multivariable systems, state space representation, and input-output representations,
under the form of rational transfer matrices, are presented. At the same time, generalized state
realizations are presented, as well structural elements in terms of realizations. Chapter 21 overviews
the most important results from multiple-input multiple-output (MIMO) systems synthesis, while
highlighting specific aspects regarding controller parameterization, squaring down of generalized
systems and the synthesis of compensators with structural allocation, as well as different
factorization problems, including normalized general coprime factorizations.

Chapter 22 represents a synthesis of the problematic of robust control systems. The first part
of the chapter encompasses general results in systems theory and generalized Riccati theory. In the
second part, the solutions to specific robust control problems are to be found, with a few examples
of important Popov triplets in robust and optimal control of systems being brought into debate.

In chapter 23 the main elements for analysis and synthesis of stochastic control systems are
synthetically presented. The first part of the chapter describes essential elements associated to
stochastic variables and processes, while the second part identifies the synthesis methods and
procedures for systems under the influence of disturbances which are described as stochastic
processes. Problems arising from stochastic optimal control are presented and their solutions given,
including the synthesis of Kalman filters.

Chapter 24 synthesizes the main theoretical and applicative results regarding adaptive systems,
with the most efficient architectures for adaptive systems being analyzed, as well as methods and
techniques for adaptive estimation and adaptive control law synthesis, both for SISO and MIMO
systems.

The problematic of process predictive control is approached in chapter 25. Hence, the model
based predictive control (MPC) problem is formulated and the predictive control law is synthesized
for linear and nonlinear models. Also, the specific elements regarding the implementation of these
control strategies are highlighted, in the presence of functional and structural restrictions imposed
by the particularities of the controlled processes.

A synthesis of the most important theoretical results regarding the analysis and synthesis of
time-delay systems are presented in chapter 26. After a brief introduction in the problematic of
time-delay systems, their associated models are explained, the linear differential equations with
retarded argument and their solutions. The structural properties and the stability of time-delay
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systems are also approached, such that the final part of the chapter debates the problem of
conventional control structures for processes with dead time.

In chapter 27, results regarding the modeling, analysis and synthesis for distributed parameter
systems are to be found, with the particularities of control systems for processes described with the
help of partial derivative equations being highlighted, as well as the limitations introduced by the
approximations of their associated mathematical models.

Chapter 28 synthesizes discrete event systems, while presenting their respective models, Petri
networks, as well as temporal, hybrid and automated Petri networks. The specific synthesis models
of discrete event systems, with examples from traffic control and manufacturing, as well as
important results from hybrid systems regarding modeling, analysis and synthesis constitute the
themes of chapter 29, in which is described, as an application, the predictive and optimal control of
hybrid systems.

The final chapter of this volume approaches a synthesis of the problematic of intelligent
control systems, analyzing architectures of intelligent control systems, intelligent methodologies
and architectures of intelligent hybrid systems, with highlighting the directions of research and
some applicative results of intelligent systems.

The up-to-date analysis of the main results in systems theory, of advanced control strategies,
characterized by mathematical models and linguistic models, highlight the necessity of using
models with maximum adequacy towards reality in the case of very complex systems.

The integration of computers, of communications and advanced control strategies for physical
processes creates a new class of complex systems of Cyber Physical Systems (CPS) type. The
modeling, analysis, and design of these systems, with taking into consideration of both quality of
control (QoC), as well as computing power and communications as services (QoS or quality of
service) imply the development of a new theory on complex systems, a theory of “systems of
systems”.

The wide applicability of these complex systems implies the consideration of all aspects
regarding the functioning of these systems as stochastic, nonlinear hybrids systems, but, the impact
of this CPS paradigm upon science and technology is difficult to estimate today.

Prof. Dr. Ioan Dumitrache
Corresponding member of the Romanian Academy
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