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PREFATA

Volumul al Ill-lea al lucrdrii Automatica prezintd sintetic unele aplicatii ale automaticii in
domenii cum ar fi: industria energetica, chimicd, actionarile electrice, biotehnologia, robotica,
fabricatia si aviatia, evidentiind particularitatile proceselor specifice lor, modelele matematice si
solutiile de automatizare conventionale, dar, mai ales, solutiile moderne in contextul evolutiei
stiintei si tehnologiei.

Automatizarea proceselor este strans legatd de evolutia stiintei si tehnologiei, iar suportul
teoretic, metodologic si tehnologic pentru implementarea solutiilor de automatizare este asigurat de
progresele in domeniul automaticii, al electronicii, calculatoarelor si comunicatiilor si, nu in ultimul
rand, de progresele din domeniul tehnologiei de fabricatie si al materialelor.

Prima revolutie industriald, avand la baza sisteme mecanice, 1n care energia apei si a aburului au
jucat un rol esential, a impus reactia inversa si realizarea primelor regulatoare de turatie. Se poate
aprecia cd, In aceastd etapa de dezvoltare a industriei si tehnologiei, s-au pus bazele teoretice ale
stabilittii sistemelor dinamice, iar reactia inversa a fost recunoscutd ca principiu esential in realizarea
sistemelor de reglare automata.

Progresele din domeniul tehnologiei, energeticii si fabricatiei, prin trecerea la productia de
masd, prin divizarea muncii, au impus noi solutii de automatizare, fiind concepute si realizate
echipamente de automatizare pneumatice, hidraulice si electronice, a caror integrare in solutii de
automatizare a permis o crestere a productiei si productivitatii In toate sectoarele industriale, la
inceputul secolului al XX-lea.

Paralel cu dezvoltarea tehnologica, cu trecerea treptatd la sisteme de automatizare cu nivel
ridicat de complexitate, au fost puse bazele automatizérii conventionale atat din punct de vedere
conceptual, cat si din punct de vedere metodologic. Se poate aprecia cd in perioada 1900 — 1955, au
fost fundamentate si implementate structuri de reglare cu unul sau doud grade de libertate, reglare in
cascada si reglare combinatd, au fost fundamentate si introduse strategiile de reglare PID cu
implementarea pe echipamente hidraulice, pneumatice si electronice, au fost puse bazele analizei si
sintezei sistemelor de reglare in frecventa, au fost extinse instrumentele formale pentru
caracterizarea sistemelor liniare ca transformata Laplace, transformata Fourier si transformata in Z.

Cea de a treia etapa in dezvoltarea automaticii coincide cu revolutia digitala, in care calculatorul
s1 comunicatiile sunt integrate in diferite domenii. Se realizeaza trecerea de la utilizarea calculatorului
pentru simulare si proiectare asistatd, la integrarea in bucla de reglare si trecerea la sisteme de
conducere numericd in timp real. De remarcat, si implementarea calculatoarelor de proces a
automatelor programabile (primul PLC — Modicom 2084 a fost realizat in anul 1969), a sistemelor
distribuite de conducere pentru procese complexe (primul sistem distribuit conceput TDC — 2000 a
fost implementat in 1976). Evolutia tehnologiei electronice, micro- si nanoelectronice, a tehnologiei
de fabricatie a traductoarelor, a elementelor de executie, precum si a regulatoarelor pneumatice,
hidraulice si electronice, a determinat un salt spectaculos in cresterea gradului de automatizare a
proceselor industriale Tn perioada 1955 — 2000. Aceasta perioada poate fi consideratd cea mai
insemnatd In evolutia automaticii si automatizarilor industriale. Din punct de vedere conceptual si
metodologic, in aceasta perioada s-au pus bazele analizei si sintezei, pe baza modelelor de stare, au
fost elaborate strategii de conducere optimald a proceselor liniare, neliniare si stocastice, au fost
elaborate proceduri de sintezd a legii de conducere optimal-liniar-patratice LQ si LQG, precum si
strategii de conducere optimald de tip Model-Predictiv-Control (MPC), pentru modele liniare si
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neliniare, au fost puse bazele conducerii adaptive si controlului robust. In aceastd perioada au fost
extinse cercetdrile teoretice in domeniul stabilitatii sistemelor liniare si neliniare, au fost dezvoltate
metode de sintezd robustd in domeniul frecventelor Hy/H® | a fost dezvoltata teoria pasivitatii pentru
analiza stabilitatii, au fost concepute si dezvoltate metodologii specifice pentru analiza si sinteza
sistemelor cu evenimente discrete si a sistemelor hibride.

Cresterea complexitatii proceselor tehnologice, a infrastructurilor si a cerintelor de exploatare
eficientd si sigurd a acestora, a condus la cresterea complexitatii sistemelor de conducere si trecerea de
la structurile de conducere distribuita la structurile de conducere in retea — Networked Control
Systems (NCS), in cadrul carora un rol important 1l joacd retelele de senzori si de elemente de executie
si, desigur, retelele de comunicatie.

Asistam astfel, la o tranzitie din punct de vedere metodologic si tehnologic de la paradigma
C2 (Computer, for Control) la paradigma C3 (Computer, Communication for Control)

Paralel cu dezvoltarile teoretice si metodologice bazate pe modele matematice cu parametri
concentrati si distribuiti, pe modele liniare si neliniare, variante si invariante In timp, stocastice si
deterministe, continue si discrete, inclusiv cu evenimente discrete, au fost dezvoltate metodologii
»inteligente”, care au ca suport elemente ale procesarii informatiei si cunostintelor din domeniul
biologic, cum ar fi retele neurale, logica fuzzy, calculul evolutionist, sistemele bazate pe cunostinte,
metodologii care se regasesc incluse in termenul generic Soft Computing.

Astfel, comunitatea automatistilor dispune azi de un puternic arsenal de concepte, teorii,
instrumente si tehnologii care permit conceperea si implementarea unor solutii de conducere in timp
real a proceselor complexe, in cadrul carora pot fi integrate calculatoarele, comunicatiile, cognitia
si strategiile avansate de conducere, ca o noud paradigmd C4 (Computer, Communication,
Cognition for Control).

Din punct de vedere metodologic si tehnologic, trecerea de la regulatoare analogice la
regulatoare numerice mono- sau multicanal, si apoi la structurile de tip inglobat (embedded systems)
a permis, ca urmare a evolutiei spectaculoase a retelelor de senzori si elemente de executie WSAN
(wireless sensors and actuators), trecerea la sistemele de conducere in retea (NCS,) in cadrul cdrora
module de tip embedded sunt interconectate prin intermediul retelelor de senzori si elemente de
executie. Extinderea sistemelor inglobate (embedded systems) cu sisteme avansate de comunicare in
retea de tip M2M si H2M, precum si cu internetul obiectelor (IoT) a determinat impunerea in
ultimii 5 ani a unui nou concept — Cyber-Physical- Systems (CPS), in esentd, o noud etapa in
conducerea sistemelor complexe, fiind o continuare pe o altd scald a conceptului de sistem de
reglare automata.

Se poate evidentia usor faptul cd automatica a evoluat in stransa corelatie cu evolutia stiintei
si tehnologiei, cu evolutia calculatoarelor (hardware si software) si a comunicatiilor, jucand in
acelasi timp un rol esential in dezvoltarea unor domenii cu impact major socio-economic si
stiintific. Se poate afirma cd, fara automatizare nu este posibila cresterea calitatii produselor,
cresterea competitivitdtii, intr-o societate si o economie globalizatd. Tot mai mult, automatica se
regaseste 1n activitatea cotidiand a membrilor societatii, influentdnd calitatea vietii si modul de
existenta si comunicare.

Secolul al XX-lea si inceputul secolului al XXI-lea se pot considera cele mai dinamice si
prolifice perioade in care stiinta si tehnologia au cunoscut evolutia cea mai spectaculoasa,
contribuind major la dezvoltarea societatii si calitdtii vietii.

Automatica, electronica, calculatoarele si comunicatiile, prin contributiile fundamentale si
realizarile tehnologice fard precedent, au determinat regandirea sistemelor de fabricatie, al
optimizarea sistemelor de transport, optimizarea proceselor de productie si transport al energiei
electrice, cresterea eficientei proceselor de prelucrare a produselor petrochimice, optimizarea
regimurilor de functionare a motoarelor cu ardere interna, cresterea sigurantei traficului aerian si
terestru si, nu in ultimul rand, cresterea calitatii vietii. Un rol esential il are automatica ca stiinta
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integratoare, care prin concepte si metodologii asigurd evolutia proceselor in concordantd cu
cerintele impuse, faciliteaza cresterea autonomiei, sigurantei si rebustetei in exploatarea proceselor.

Noua paradigma — CPS — presupune integrarea proceselor fizice cu elemente de prelucrare a
informatiilor si cunostintelor si cu retele de comunicare in arhitecturi de sisteme cu reale capabilitati
emergente si performante superioare in functionarea proceselor fizice, ca sigurantd in functionare,
costuri mai reduse, eficienta ridicata etc.

Conceperea si realizarea de sisteme integrate de prelucrare a datelor si informatiilor, a unor
pachete software inteligente, cu autonomie ridicata, conduce in mod natural la schimbari radicale n
existenta si evolutia noastra ca producatori sau/si utilizatori ai acestor sisteme.

Spre deosebire de sistemele conventionale, unde sistemele de calcul si comunicatiile sunt
adaugate proceselor fizice cu pastrarea identitatii fiecareia dintre componente, in cazul CPS se
realizeazd un proces de inglobare a tuturor componentelor, in cadrul cdruia dinamica si aspectele
energetice din lumea fizica influenteaza direct performantele sistemului integrat. Sistemele integrate
CPS reprezinta o schimbare de paradigma in stiinta si tehnologie, prin potentialul inovator de care
dispun si prin provocarile generate pentru o noua stiintd a sistemelor heterogene complexe, deja
cunoscute ca stiinta Sistemelor de sisteme.

Integrarea lumii reale a proceselor fizice cu lumea virtuala a calculatoarelor si comunicatiilor
(lumea fizica si lumea cyber) genereaza schimbari de substantd a mediului cu care interactionam,
care devine tot mai complex si inteligent, iar comunicatia om-masinda, masina-masind genereaza noi
provocari existentiale. Noul concept CPS va fi regdsit practic in toate sectoarele de activitate de la
automobile autonome, la sisteme inteligente de transport, la cladiri inteligente si orase inteligente,
intreprinderi inteligente, retele inteligente de transport al energiei electrice, sisteme avansate de
asistentd medicala s.a., iar viata si activitatea cotidiand devin tot mai dependente de asemenea
sisteme, intr-un spatiu inteligent.

Tehnicile avansate de conducere, inclusiv tehnicile inteligente, se vor regasi integrate in
sisteme complexe autonome cu capabilitati de reconfigurare si autoorganizare, cu o comportare
emergentd. In acest context, conceperea, proiectarea si implementarea sistemelor complexe de tip
CPS impun regandirea indicatorilor de performanta si reconsiderarea vulnerabilitatilor in contextul
solutiilor software intensive si al retelelor complexe de comunicatie. Proiectarea integrata pe baza
unor metrici de tipul Quality of Control (QoC) si Quality of Service (QoS), cu luarea in considerare
a constrangerilor de timp real, securitatii si sigurantei in functionare, preciziei si robustetii solutiilor,
reprezintd o provocare majord pentru proiectantii de sisteme complexe de conducere, ca retele de
retele de conducere in timp real.

Progresele din domeniul sistemelor de masurare si achizitie de date, al senzorilor si
traductoarelor inteligente, inclusiv la nivelul micro- si nanotehnologic, din domeniul stiintei si
ingineriei materialelor, inclusiv al materialelor inteligente, din domeniul elementelor de executie
inteligente si al retelelor de senzori si elemente de executie (WSAN), faciliteaza conceperea si
implementarea sistemelor complexe cu autonomie ridicatd, integrate in retelele de conducere in
timp real a proceselor fizice.

Noua paradigma CPS, ca evolutie naturald de la sistemele de conducere cu calculator,
reprezintd saltul spre noua generatie de sisteme de conducere cu autonomie ridicatd. Implementarea
acestor concepte in lumea reald, de la nivelul nanoscale la nivelul macroscale, va determina
schimbari de substantd In ceea ce priveste evolutia tuturor sectoarelor socio-economice. Acest nou
concept — CPS — va reprezenta motorul celei de a patra revolutii industriale, iar inginerii pregatiti
pentru aceastd noud revolutie vor proba inca o data rolul lor esential in noua societate cognitiva.

Principalele provocdri ale sistemelor complexe — CPS — se pozitioneaza in trei directii care
reprezintd sarcini esentiale pentru fiecare aplicatie:

— interconectarea si schimbul de date intre elementele heterogene ale retelei, cu asigurarea

convergentei retelei globale si autonomie locala regionala;
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— prelucrarea intensivd de informatii si cunostinte, folosind datele nesigure de la senzori,

fuziune de date de la surse multiple, protectii, interactiuni si adaptare;

— service inteligent complet, incluzdnd livrare, proiectare adaptiva software, adaptare,

service si modelare.

Calculul in retea la multiple scale spatio-temporale joacda un rol crucial in CPS, avand in
vedere cad aceste sisteme folosesc calculul si comunicarea inglobate in stransd interactiune cu
procesele fizice.

Problemele majore care apar in sistemele complexe sub forma retelelor distribuite includ
managementul resurselor, securitatea, scalabilitatea, siguranta si optimizarea inter-strate.

Tehnologiile si metodologiile aplicate in CPS includ inteligenta ambientald, context-awareness,
data mining, sisteme inglobate si sofiware, calcul evolutionist, medii de modelare, big data si ubiquitous
computing.

Noul concept CPS reprezintd o provocare majora pentru stiintd, tehnologie si educatie,
impunandu-se crearea unei noi stiinte a sistemelor complexe, heterogen distribuite in spatiu, cu
functionare la scale diferite de timp, cu o comportare neliniard, stocasticd, hibrida, o stiinta a
sistemelor de sisteme.

Integrarea infrastructurilor la multiple scale de timp si spatiu, multiple straturi si domenii, va
necesita dezvoltarea unor noi fundamente in stiinta sistemelor si in inginerie.

Conlucrarea specialistilor din domeniul ingineriei sistemelor, stiinta calculatoarelor si
comunicatiilor in echipe multidisciplinare va permite proiectarea si implementarea CPS in toate
sectoarele socio-economice, conceperea unor interfete inteligente pentru comunicarea
componentelor intr-o forma compozabila si interoperabild, cu o comportare predictibild si sigura.

In acest context, cele sapte domenii selectate pentru prezentare in acest volum ilustreaza
evolutia automatizarilor, de la solutii conventionale la solutii avansate, beneficiare ale progresului
stiintei si tehnologiei inceputului de secol XXI.

Capitolul 31 prezintd sintetic problemele specifice automatizarii proceselor din industria
energeticd, vizand productia, transportul si distributia energiei electrice, fiind descrise structurile
conventionale de reglare a parametrilor tehnologici in centralele electrice, precum si structurile
avansate de conducere inteligenta a sistemului electroenergetic.

O atentie speciald este acordatd solutiilor avansate de control al puterii si frecventei in
sistemul energetic, in contextul integrarii surselor regenerabile de energie, dar si conceptului Smart-
Grid si includerii acestuia In categoria sistemelor complexe de tipul sistemelor inteligente Cyber-
Physical-Systems.

In capitolul 32 se prezinta principalele probleme legate de automatizarea actiondrilor electrice
cu accent pe convertoarele de curent, convertoarele de frecventd si pe metodele de comanda a
acestora. Un spatiu aparte revine prezentarii structurii sistemelor de reglare a actiondrilor electrice
cu motoare de curent continuu si curent alternativ. Conducerea vectoriald a actionarilor electrice de
curent alternativ este analizata sintetic, pornind de la modelul matematic vectorial al masinii de
curent alternativ, strategiile de conducere optimald, inclusiv conducere vectoriald cu orientare dupa
camp, detaliate fiind metodele de conducere directa in cuplu si flux cu modulare vectoriald spatiala.
Conducerea adaptiva si conducerea robusta a actiondrilor cu estimator adaptiv de viteza si cuplu de
sarcina constituie, de asemenea, una din problemele analizate.

Capitolul 33 trateaza automatizarea proceselor din industria chimica, pornind de la structuri
de reglare conventionale cu unul si doud grade de libertate, pana la structuri de conducere distribuita
si in retea a proceselor complexe, ca studii de caz fiind abordate sintetic automatizarea reactoarelor
chimice, a coloanelor de fractionare, a cuptoarelor tubulare si a instalatiilor de distilare.

Capitolul 34 este dedicat problematicii si solutiillor specifice conducerii proceselor
biotehnologice. Dupa realizarea unei sinteze a particularititilor bioproceselor din punct de vedere
functional si tehnologic, se prezintd modele structurate si nestructurate ale acestora, evidentiind
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parametrii functionali si tehnologici care le influenteaza dinamica. Sunt descrise principalele
echipamente specifice de masura si control si arhitecturile conventionale de reglare a bioproceselor.
Structurile de conducere adaptiva, optimald si predictivd sunt evidentiate ca metodologii eficiente
de conducere in contextul functiondrii neliniare si stocastice a bioproceselor. Ultima parte a
capitolului este destinata prezentdrii structurilor de conducere inteligenta a bioproceselor, apeland la
metodologii de tip fuzzy, neurale si evolutioniste.

Problematica si solutiile specifice conducerii robotilor constituie tema capitolului 35 al lucrarii, in
care sunt prezentate modele cinematice si dinamice ale robotilor si proceduri specifice de conducere
care vizeaza urmadrirea traiectoriilor, controlul miscérii, controlul fortei s.a., cu accent pe problemele
specifice conducerii robotilor mobili si robotilor hiperredundanti, dar si pe strategiile inteligente de
conducere a robotilor mobili.

In capitolul 36 sunt prezentate principalele aspecte ale automatizarii sistemelor de fabricatie.
Dupa o descriere succintd a evolutiei lor si a metodologiilor de conducere, punctul de interes il
reprezintd tendintele in realizare a sistemelor inteligente de fabricatie ale Intreprinderii viitorului, in
contextul implementarii conceptului CPS.

Se prezinta conceptul Smart Factory, in contextul noii revolutii industriale, avand la baza acest
concept.

Capitolul 37 abordeaza aspecte legate de modelarea si conducerea avionului, dar si privind
metodologiile pentru asigurarea stabilitatii aeronavelor, cu exemplificari de proiectare a pilotului
automat si particularitatea conducerii formatiilor de zbor.

Capitolul 38 prezintd sintetic problematica sistemelor complexe din punct de vedere al
conducerii. Sunt prezentate aspecte legate de conceperea sistemelor Inglobate, a retelelor de
conducere 1n timp real si arhitecturile de tip multi-agent pentru modelarea si conducerea proceselor
complexe.

Volumul al IIl-lea al lucrarii Automatica, prin selectarea domeniilor analizate si prin modul de
prezentare a problematicii automatizarii proceselor specifice, se constituie intr-un material de
documentare consistent, care deschide calea spre conceperea si dezvoltarea generatiilor viitoare de
sisteme de conducere integrate de tip CPS.

Prof- dr. ing. loan DUMITRACHE
Membru corespondent al Academiei Romdne



FOREWORD

The third volume of the Automatica monograph is synthetically presenting some control
approaches for important economical applications in fields as: energy, chemical industry, electrical
drives, biotechnology, robotics, manufacturing and aviation — highlighting the specific process
particularities, the respective mathematical modeling methods, classical automation architectures
and technique, and especially the modern solutions designed in the evolutionary context of science
and technology development.

Process automation is closely linked to scientific and technological development, and the
theoretical, methodological and technological support for implementing control solutions is
provided by current advances in automation, electronics, computing and communications and, last
but not least, by new materials technologies.

The first industrial revolution, based on mechanical systems, in which water and steam power
played a crucial role, has imposed the concept of feedback and the implementation of the first speed
regulators. It can be appreciated that, at this stage of the industry and technology development, were
established the theoretical foundation of the dynamic systems stability, and the feedback approach
has been recognized as a key principle in designing automatic control systems.

Progresses in technology, energy and manufacturing areas, achieved by paradigms as mass
production and work division, have imposed new automation solutions; pneumatic, hydraulic, and
electronic automation equipment was designed and implemented, whose integration into complex
automation solutions has enabled increased production and productivity in all industrial sectors,
from the beginning of the XX™ century.

In parallel with technological development and with a gradual transition towards automation
systems with increased complexity levels, the conventional automation foundations were
developed, both at conceptual and at methodology level. It can be appreciated that in the years
1900 — 1955 were designed and implemented control structures with one or two freedom degrees, as
well as cascade control and mixed control systems. PID control strategies were introduced, with
implementation on hydraulic, pneumatic and electronic equipments and were developed
frequency-based regulators analysis and synthesis techniques, as well as formal instruments for
linear systems characterization as Laplace, Fourier and Z Transform.

The third stagE in automation evolution coincides with the digital revolution in which the
computer and communications technologies are integrated in different areas. The transition is made
from using computer simulation and computer aided design, to the computer integration in the
control loop and design of real time digital control systems. It may be noticed the implementation of
programmable logic controllers (first Modicom 2084 PLC was made in 1969) and of the distributed
control systems for complex processes (first distributed control system TDC-2000 was implemented
in 1976). The evolution of the electronic technology, of micro- and nano-technology, and of the
manufacturing technologies for transducers, actuators and pneumatic, hydraulic and electronic
controllers resulted in a spectacular development of the industrial processes automation between
1955 and 2000.

This can be considered as the most important period in terms of control development and
industrial automation. In terms of concepts and methodology, during this period, the foundation for
analysis and synthesis based on the state models was developed, optimal control strategies for
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linear, nonlinear and stochastic processes were elaborated, and were developed synthetic procedures
for optimal-linear-quadratic LQ and LQG control as well as optimal control strategies such as
Model-Predictive control (MPC) for linear and nonlinear models. It is also the period in which were
developed concepts as adaptive and robust control. During these years, theoretical researches on
linear and nonlinear systems stability methods were extended, the robust synthesis methods in
frequency domain H? / H* were developed, as well as the theory of passivity for stability analysis;
specific methodologies for analysis and synthesis of discrete event systems and hybrid systems
were designed and developed.

The increase in technological processes complexity, of infrastructures and of the requirements
for efficient, reliable and safe operation of these processes led towards an increasing complexity of
control systems and to the transition from distributed control structures to Networked Control
Systems (NCS), where the sensors, actuators, and, of course, communication networks play an
important role.

We are thus witnessing a methodological and technological transition from the C2 (computer,
for control) towards the C3 paradigm (computer, communication for control).

In parallel with the theoretical and methodological developments based on mathematical
models with concentrate and distributed parameters, on models — linear and non-linear, time variant
and time invariant, stochastic and deterministic, continuous and discrete, including discrete event
systems — there were developed “smart” methodologies, based on information processing and on
biological approaches, such as neural networks, fuzzy logic, evolutionary computation, knowledge
based systems, methodologies that are designated by the generic term Soft Computing.

Consequently, the community of automation professionals is today in the possession of a
strong arsenal of concepts, theories, tools and technologies enabling the design and implementation
of real-time control solutions for complex processes, where the new paradigm C4 (Computer,
Communication, Cognition for Control) may be integrated.

In terms of methodology and technology, the transition from analog to digital regulators
(mono- or multi-channel) and, furthermore, to the embedded systems, enabled, as a result of the
spectacular evolution of wireless sensors and actuators networks (WSAN), the shift towards
networked control systems (NCS), where the embedded modules are interconnected through sensors
and actuators networks. The extension of embedded systems with M2M and H2M advanced
network communication and the Internet of Things (IoT) paradigm, imposed, during the last five
years, a new concept — Cyber-Physical - Systems (CPS) which essentially represents a new stage in
the control of complex systems, being a continuation, on a different scale, of the automatic control
system concept.

It can observed that automation has evolved in close correlation with the evolution of science
and technology, of computers (hardware and software) and communications, playing a key role in
the development of areas with a major socio-economic and scientific impact. It can be said that
without automation is impossible to increase the product quality and competitiveness in a
globalized society and economy. Even more, automation is to be found in the everyday activity of
society members, influencing the quality of life and the ways of living and communicating.

The twentieth century and early twenty-first century can be considered the most dynamic and
prolific period, in which science and technology have witnessed the most spectacular evolution,
contributing greatly to the development of society and quality of life.

Automation, electronics, computers and communications, by their fundamental contributions
and unprecedented technological achievements, have significantly contributed to the re-thinking of
manufacturing systems, to the optimization of transportation systems, optimization of energy
production and distribution, to the increase of the efficiency in petrochemicals processing industry,
to the optimization of internal combustion engines operation, to the air traffic safety, and last but
not least, to the increased quality of life. An essential role is played by Automation as an integrative
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science, which, by specific concepts and methodologies, ensures process evolution according to
given requirements, increases the autonomy, safety and stability of processes operation.

The new paradigm — CPS — involves the integration of physical processes with elements of
information and knowledge processing as well as with network communication, in systems
architectures with real emergent capabilities and superior performances in operating physical
processes, as reliability, lower cost, higher efficiency etc.

Design and implementation of integrated data and information processing systems, of
intelligent software packages with high autonomy, naturally leads to radical changes in our
existence and evolution as providers and / or users of these systems.

Unlike conventional systems, where computers and communications are added to physical
processes preserving the identity of each component, CPS are generating an unification process of
all components, in which the dynamics and energy aspects of the physical world directly affects the
integrated system performance. The CPS embedded systems are representing a shift in the science
and technology paradigm, through the innovative potential and the challenges requires a new
complex heterogeneous systems science, already known as Systems of Systems.

By integrating the real world of physical processes with the virtual world of computers and
communications (physical and cyber worlds) substantial changes are generated for the interaction
environment, which is becoming more complex and intelligent; human — machine and machine —
machine communications are creating new existential challenges. The new CPS concept will be
found in virtually all fields of life: from autonomous cars, intelligent transport systems, smart
buildings and smart cities, smart enterprises, intelligent electricity transmission network to the
advanced health systems and our day to day life and activities in an intelligent environment will
become increasingly dependent of such systems.

Advanced control techniques, including intelligent control, may be retrieved, integrated in
autonomous complex systems with reconfiguration and self-organizing capabilities, with emergent
behavior. In this context, conception, design and implementation of complex systems as Cyber-
Physical Systems (CPS) require a rethinking of performance evaluation measures and a
re-consideration of intensive software solution and complex communication networks vulnerabilities.
Integrated design based on metrics as Quality of Control (QoC) and Quality of Service (QoS),
considering real-time, reliability, security, precision and robustness constraints is representing a
major challenge for complex (real-time) control systems designers.

Progress in fields of measuring and data acquisition systems, of intelligent sensors and
transducers, including micro- and nano- technologies, of materials science and engineering,
including intelligent materials, of actuators and sensor networks (Wireless Sensors and Actuators
Networks — WSAN) is facilitating design and implementation of highly autonomous complex
systems, integrated in real-time control networks of physical processes.

The new paradigm of Cyber-Physical Systems (CPS), as a natural evolution of computer
controlled systems, is representing the step towards a new generation of highly autonomous control
systems. The implementation of such concepts in the real world, from nano-scale to macro-scale
levels will determine substantial changes in the evolution of socio-economical systems. This new
CPS concept will represent the driver of the 4™ industrial revolution and the engineers prepared for
this new revolution will prove once more their role in the cognitive society.

The main challenges of CPS are situated on three axes that represent essential goals for every
application:

— Networking and data exchange between heterogeneous elements of the network, ensuring

both the convergence of the global network and local regional autonomy

— Intensive information and knowledge processing, using unreliable sensorial data, multiple

source data fusion, protection, interactions and adaptation

— Complete intelligent service, including delivery, software adaptive design, adaptive

modeling.
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Networked computing at multiple temporal scales plays a crucial role in CPS, considering that
these systems are using embedded computing and communication in close interaction with physical
processes.

Major problems appearing in distributed networked complex systems are including resource
management, security, scalability, reliability and inter-layer optimization.

Methods and technologies applies in CPS are including ambient intelligence, context-
awareness, data mining, embedded systems and software, evolutionary calculus, modeling
environments, big data and ubiquitous computing.

New CPS concept represents a major challenge for science, technology and education,
requiring the creation of a new complex systems science, with heterogeneous space distribution,
functioning at different time scales, with non-linear, stochastic, hybrid behavior; a systems of
systems science.

Integrating infrastructures at multiple time/ space scales, multiple layers and domains will
necessitate the development of new fundamentals in systems science and engineering.

Cooperation between engineers from different fields as system engineering, computer science,
communication and control in interdisciplinary teams will allow the design and implementation of
CPS in all socio-economic areas, the design of intelligent communication interfaces, with
composability and interoperability capabilities and with reliable predictable behavior.

In this context, the six domains selected for presentation in this volume are illustrating the
automation science evolution, from the conventional to advanced solutions, benefitting from the
progress of science and technology of the beginning of the XXI* century.

Chapter 31 is presenting synthetically the problems that are specific for the automation of
processes in energetics industry, with respect to the production, the transport and the distribution of
electrical energy, describing the conventional automation structures for technological parameters as
well as advanced intelligent control architectures for energy systems.

A special attention is given to advanced power and frequency control solutions in the context
of the integration of regenerable energy sources, as well as to the concept of Smart-Grid and of its
inclusion in CPS cathegory.

The 32™ chapter is presenting the main problems related to electrical drives, with a special
accent on the frequency and power convertors and the respective control approaches. A distinctive
section is reserved to the presentation of the structure of control systems for AC and CC drives.
Vector control of AC drives is synthetically analyzed, starting from the vector mathematical model
of the AC machine, optimal control strategies, including field-oriented vector control, detailing
direct torque and flux vector control methods. Adaptive and robust control, sensorless control
systems using hybrid flux observer with signal injection, with direct torque and flux vector control
for PMSM drives and self-tuning robust torque-control system, without current transducers for
electrical drives are also discussed.

Chapter 33 is dedicated to chemical processes automation, starting from conventional control
structures with a single and with two freedom degrees until distributed and network control
architectures for complex processes, with case studies regarding chemical reactors, fractionation
columns, tubular furnances and pyrolysis reactors.

Chapter 34 deals with the problem and specific solutions of biotechnological processes
control. After a synthesis of bioprocess control particularities, from functional and technological
point-of-views, structured and unstructured models of such processes are presented, emphasizing
technological and functional parameters influencing their dynamics. There are described the main
measuring and control specific equipment, as well as conventional bioprocess control architectures.
Adaptive, optimal and predictive control approaches are mentioned as efficient methodologies in
the context of non-linear and stochastic bioprocess functioning.
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In the last sections of the chapter are presented intelligent bioprocess control solutions, using
fuzzy, neural-networks and evolutionist methodologies.

Robot control is the topic addressed in the 35t chapter of the volume. It presents the
cinematic and dynamic robot models and specific control procedures that are addressing trajectory
following, movement control, torque control a.s.o. including specific control problems of mobile
and hyper-redundant robots, and adequate intelligent control strategies.

Chapter 36 is dedicated to main aspects regarding manufacturing systems automation. After a
brief description of the inter-related manufacturing systems and respective control approaches
evolution, the main focus of the chapter is represented by the formal means of implementing the
concept of the intelligent manufacturing systems-based enterprise of future by using the CPS
approach. The last section of the chapter is dedicated to the Smart Factory concept in the context of
the new industrial revolution.

Chapter 37 addresses the aspects referring to the flight modeling and control systems, as well
as methodologies for ensuring plane stability, with exemplification of automatic pilot design
techniques and automated flying formation control particularities.

The last chapter of the monograph presents a short synthesis of new trends in control systems
including the transition from embedded controllers to networked control systems and intelligent
CPS. There are considered also some aspects of multi-agent paradigm applied for modeling and
control of complex systems.

The third volume of Automatica is conceived, by the selection of the domains that are
analyzed and by the presentation of specific automation problems, as a consistent documentation
material, that is opening the path towards the design and development of a future embedded control
systems generation, based on the CPS concept.






CONTENTS

FOT@WOIM ..ot e e et e e e e e e e aa e e e e e e eeetaaeeeeeeeeeetaaseaeeeeeeeeaaareeeeeeeennanrees XI

31. POWER SYSTEMS AUTOMATION AND CONTROL (Sergiu Stelian ILIESCU, loana FAGARASAN,

Clement FESTILA, I0an DUMITRACHE) .........coooeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 1
31.1. The role and place of an electrical POWET SYStEIM........cceeruieriiiiiiieitierieete ettt eaeeeesreesreeseenneees 1
31.2. Schemas and diagrams used for power system automMation .............c.ccverueeiieieeieseeseereeeeseeseesreesseennens 2
31.3. Automation of thermo-energetic SUD-SYSTEM ........c.cccueruieriieiiieiiiie ittt ettt eaeseesreesaeeseenseees 4
31.3.1. Basic circuits of a thermo pOWer Plant............ccoccveiieiieiieiiee e 4
31.3.2. Control system requirements in a thermo power plant..............cccoeeerieriieriieiieniesiereee e 4
31.3.3. The thermal circuit influence of a thermo power plant on a steam boiler control system............... 6
31.3.4. Power system characteristic. Natural and artificial droop..........ccoooeevierieiieiieeseeeee e 7
31.3.5. Steam boiler CONLIOL SYSEEIM .....c.uirtiiiriiriiriiiiieiteitet ettt sttt ettt nene 9
31.3.6. Steam turbine and associated installation control SYStem ...........ccceerieriiiriiiiiinienieeeeee e 19
31.4. Automation of hydro-energetic SUD-SYSEEIM ........ceueiitieriieiiiiiiie ettt ees 21
31.4.1. Basics 1N NYATO-CNETEELIC ......eiiuieiieiieitieie ettt ettt ettt e e et et e et enteenae s eaee 21
31.4.2. Hydro-teChni SUDSYLEIM ....c..ieuiiiiieiieiiiiiieie ettt etee it ete et e st e sae e se b e esseesaeesaessaesseenseessesssesnneens 24
31.4.3. Hydro-mechanic SUDSYIEM.......c.ecuiiiiriieiieiieeiieeteesteesteeteeaeseeesteesteesseesseesseesaeessessaesseesseessesssesanenens 26
31.4.4. Hidro-electric tUIDINES ....c..ooveiiieieieieseet ettt ettt ettt sae ettt eneeneens 27
31.4.5. Classification on the hydro-electric tUrDINES.........cccvevvieiieiieie et 28
31.4.6. Mathematical modeling of the hydro-electric turbine ...........cccevvvevierieriiiiieiceeeeeee e 28
31.4.7. Monitoring and control system for hydro-electric power plant.............ccoecveveieienienieneeneee e 29
31.3.8. Supervisory control and data acquisition — SCADA — System for hydro-electric power plant....... 31
31.4.9. Levels of automatisation organisation in a hydro-energetic subSystem ............cccecevvevvereriennenne. 32
31.5. Automation of electrical sub-system in an electrical POWEr SYSTEML........cc.eeeeruierierierierieerie e 33
31.5.1. Closed-100p CONIOl SYSTEIMS .....ccueeruiiriieiieiiieiieet ettt ettt ettt et et et ente e e sae 33
31.5.2. Open-100p Control SYSTEIMS .......coueiruiiriieiieiieie ettt ettt eaee et et et et enbeenae s eeee 45
31.6. Automation of nuclear sub-system in an electrical POWET SYSTEM .........cceeruieiiiriirieiieriiee e 50
31.6.1. Nuclear reaction as adjusment ODJECL ........c.covierviriieriieiiieie ettt ettt ebe e s ees 50
31.6.2. Overview of the management system of the nuclear part of a CANDU-PHWR unit.................... 54
31.6.3. Overview of the management system of the classic part of a CANDU-PHWR unit...........c........ 60
31.7. Control System Structures used in power SyStem aUtOMAION ..........cevveeruierireieeienrieseesieeneeeeesaeseeesseeeeens 61
31.7.1. Control characteristics Of POWET SYSEEIMIS ......ccuveuiieriieriieiieeieeieseesieerie e e e eaeeeeesseesseeseenseenaesnneees 61
31.7.2. Energy dispatching inside the National Power System (SEM) ......cccccovimiieiiniinienieeee e 63
31.7.3. Energy dispatching of POWETr Plants ..........cccuieiiiieiieiieeee et 65
31.8. Advanced technology elements used in controlling an electrical power SYStem...........ccceeverreereereenrenenns 67
31.8.1. POWET StabIliZET AEVICE .....eouiuiiiiiiieiiiieiciirit ettt sttt 69
31.8.2. FACES AEVICES .ttt ettt b e sttt e a et sttt nen 69
3990 AMINEX ettt a et e b bt a et ettt h e eh e bttt eb ettt sa e b e 71
REFERENCES ...ttt ettt 73
32. AUTOMATIC CONTROL OF ELECTRICAL DRIVES (Silviu DUMITRIU, Gheorghe-Daniel
ANDREESCU) ..ttt ettt sttt ettt sttt ettt 75
32.1. The structure of electrical drives automatic CONtrol SYStEIMS .........ccveruieriieiieieeieiieie e eee et es 75
32.2. Control methods for DC and AC MOLOTS ......cc.eruiriiriiriiiieieienieeieste ettt ettt sttt ettt sbe et ese i eneens 76
32.2.1. DC motors control using power eleCtronic CONVETLEIS ..........euereerierreerereeeeeeeeeeseeenseeeeesesneesneenees 76
32.2.2. AC motors control based on Static POWET CONVETLEIS .......eeuerueeruierieriieeeeeeeieeeeeseeeneeeeeeseeneesneeeees 78
32.3. Power electronic converters in electrical driving SYStEMS. .......c.evverieriieriieieeieeieieeie e 81
32.3.1. CIASSIFICALION. ...ttt ettt sttt et a et ettt nen 81
32.3.2. AC — DC converters (Line commutated CONVETLEIS) .........eevuieriierieerrienieeneieenreenereesveeseveensaeeenes 82
32.3.3. DC — DC converters (Forced commutated CONVEITETS) ......cccveeriieriieriierieeniieenreenereesveesiveeeve e 89

32.3.4. FTEQUENICY COMVETTETS ..eevvierreeurreereeririenireenseeessseenseeessseensseessseensseesssesssseessseensseesssesnsseessseessseesseensses 94



690 Automatica
32.4. Structures of automatic control systems for DC dIiVes........cccoouiiiiriiniiiieieeeiese e 100
32.4.1. Unidirectional (nonreversible) speed control SYStem ..........cccueveieririnirinieieieneneneseeeeeeeenns 100
32.4.2. Speed control system with diminishing the stator fluX...........cccccevvierierieriieiieeeee e 103
32.4.3. Reversible control systems free of circulating Currents.............ocovveevveriieciieieeieeieseee e 105
32.4.4. Bidirectional control systems with circulating Currents .............ccoeovevierierieieeiesieeee e 107
32.4.5. Speed control system of DC motors with PWM CONVEIters..........ccceoieiieriieieeienieniieieeie e 109
32.5. Structures of automatic control Systems for AC dIIVES.......cccvvvuiiiiiieriieiieie et es 110
32.5.1. Cycloconverters based control systems (direct frequency COnVerters)..........cceevereereeneerueneeneene 110
32.5.2. Speed control systems with frequency converters with DC linK............ccoocvevieviinieiienieeee e, 111
32.5.3. Control system using intermediate voltage converter and pulse inVerter..........c.ooovevvveevevverreennennne. 113
32.6. Advanced control Of AC dIIVES.......uoiiiiiiiiiieiie ettt ettt ettt ettt st e e eeeeeenee e 114
32.6.1. Summary and trends in control 0f AC dIIVES.......cccoeriririiiiiiiciercee e 114
32.7. Vector CONLIOL OF AC AIIVES ....ccueiuieiiiiieiieieiee sttt ettt b e st eae et e st et et e besbeebeeseeneeneens 115
32.7.1. Vector mathematical models of AC Machines ..........ccoeoeriiiiiiiiiiiiinieieeeeee e 115
32.7.2. Field oriented vector control MEthods. ..........ooieiuieiieiieeee e e 122
32.7.3. Direct torque and flux vector control 0f AC driVeS.......ccveeverieiierierieii et 131

32.8. Sensorless control systems using hybrid flux observer with signal injection, with direct torque
and flux vector control for PMISIM AIiVeS.........ccuieiiiieiieitieie ettt s sree e ee e e 139
32.8. 1. INETOAUCLION ...ttt ettt b e st eb ettt e e e b sbe et e ebeeneennens 139
32.8.2. Structure of sensorless control system for PMSM drives..........cccovvvevieriieiiieiieiecieneese e 141
32.8.3. Structure of direct torque and flux vector control with spatial vector modulation..........c..c.cccoc.... 142
32.8.4. Stator flux observer and rotor SPeed EStIMALOT..........ccviervieriieieiie ettt eeas 143
32.8.5. Rotor position estimation with signal iNJECtiON.........cceeevieeuiiiiiiiiiieiieie e 145
32.8.6. Initial rotor position iIdentifiCAtiON ...........ccoiiriirierieiee et 148
32.8.7. Digital SIMULAtION TESUILS .....c.eevviiiiriiiiiiie ettt sttt e saessa e beenseenseesaesneeens 148
32.8.8. EXPErimMental TESUILS.....c..iiiiiiiiieeiiiecie ettt ettt sttt et e e e et e teesbaebeesbeesbeesnesaneees 150
R I R Oe) 1 Ted L1 101 3T OSSPSR 151
32.9. Self-tuning robust torque-control system, without current transducers for electrical drives.............ccc.c..... 152
32.9. 1. INEEOAUCLION ...ttt ettt b ettt et et et e bt s et eb e e st eneense s e besbeebeeneeneeneans 152
32.9.2. Self-tuning torque CONIOL SYSTEII ...c..iruiiiiiiiiitieetieiiet ettt ettt e e enae e s neee 153
32.9.3. Current-voltage deCOUPIING . .....cc.cririiririririeietet ettt sttt ettt st eanens 154
32.9.4. Speed and load torque adaptive ODSEIVET .........ccierieriieiiieie ettt e e ese e enas 156
32.9.5. Parametric identification Of INETtia.........cccoiiiiiiiiiiieieie e e e 157
32.9.6. Self-tuning speed CONLIOLIET ........couiiiiiiiriiii ettt 158
32.9.7. Digital SIMUIAtION TESUILS .....c.eevviiiiriieit ettt ettt e eetaeesaessae b e enseenseesaesnaeenes 159
32.9.8. CONCIUSIONS ...ttt ettt a ettt b e et eh e es e s et et e e bt e et eb e eseene e s e s ebesbeebeeneeneeneans 162
REFERENCES ...ttt ettt ettt et et et et e e st e st e st es s est e s eseesees e eseassensessenseese et e eseassensansensenseeseaseassaneaneas 163

33. CHEMICAL AND PETROCHEMICAL INDUSTRY AUTOMATION (Dumitru POPESCU,
Nicolae PARASCHIV, Cristian PATRASCIOIU) ...........coocooooeeeeeeeeeeeeeeeeeeeeeeeees e 165
331 INEEOAUCTION ...ttt ettt b et b bt ettt e b s bbbt e bt et et et st e bt ebe bt i ene 165
33.1.1. Brief history of automation in chemistry and petrochemistry ...........cccocvvevvieviieieniereenieere e 165
33.1.2. Automation systems and CONTIZUIALIONS ........ccuiruieiiieriieiieie ettt 166
33.1.3. Developments in chemical and petrochemical processing automation .............ccecceevveereeeeereereeenne. 171
33.2. Automation Of ChemICal TEACLOTS ......c.eeuiiiiiiiiie ettt st eneens 177
33.2.1. Modeling Of T@ACTION PIOCESSES ......ieuuiruientieiiiaiieetienteeteete et eitesteestee st enteeneeeseeeseesbeenbeenteensesseesneenees 177
33.2.2. Automation of chemical FEACTOLS ........ccueruiiiieiieiei ettt et ees 194
33.2.3. Case study. Automation of @ PyrolySiS ITCACTOT.......c.eeruierierierieiiereerie ettt eveeeestee e ese e esae e eas 198
33.3. Automation Of fractioNatioN PIOCESSES. ... cc.ueruietiruiertieitiateeteeeesteesteesteeteenteeseeeseeteabeensesneesneesseenseeseeneeans 201
33.3.1. Modeling of fractioNation PrOCESSES .......c.eeviereerrierrierteeiteeeeseesseeseeesseeeeeeeeseeeseesseeseeseensesneesneennes 201
33.3.2. Automation solutions for fractionation COIUMNS ........c..coeriririeierieniiere ettt 208
33.3.3. CaSE SEUAY .veivieiieiieciiecie ettt ettt ettt ettt e b e et e e at e teeeae e beenbeenbeetbeeta e teesbeenbeenbeenaenaeens 216
33.4. Automation of heat transSfer PrOCESSES .......c.evuiririiirieiet ettt sttt ettt et eaeeanene 224
33.4.1. Modeling of heat transfer in tubular fUrnaces ...........ccceevveeeiiiiiiiieeieee e 224
33.4.2. Automation solutions of tubular fUIMACES .........cceoueriiriiiiiiieeeee e 230
R I T O T 11 1« PP 239
33.5. Appendix: Standards and symbols used in automation of chemical processes...........ccoevvveververierieecnennnnns 245

REFERENCES ...t et et ettt st et ettt ettt st 253



Contents 691

34. MODELING AND CONTROL OF BIOPROCESSES (Mihai CARAMIHAIL Sergiu CARAMAN,

Emil PETRE, Dan SELISTEANU, Marian BARBU, Cristina T/fNASE) .............................................................. 257
R B 01 (0T 1017 5103 o PSPPSR SRPSRSPRRPRRTN 257
34.1.1. Basic concepts regardin DIOPTOCESSES .......eeuuiruiertiertieriieieeieeieesteesieente et enteeteeeeeesbeenteenteensesseesaeenees 257
34.1.2. TYPES OF DIOPIOCESSES ...vviuviervieeiiiriiitieiteeteesteetteettesteesteeseesaesseesseesseeseesseesseessesssessaesseenseessesssesasesnes 258
34.1.3. Performances Of DIOTEACTOTS ........couirtirteriiiteite ettt ettt ettt ettt sae et eieeneeneens 260
34.2. Measuring system for biOproCess PATAIMELELS .........ccveerveerreerreerieiiertiesteesseeseeeeeseesseesseesseesesssesseesseessesssenns 264
34.3. Bioprocess mathematical MOAELING .......c.cceeriieriiriiiieiieieee ettt ee sttt ebeenaesseessaesseenseennens 265
34.3.1. Determining the general dynamic model of a bioprocess based on biochemical and microbiological
TEACLIONS SCHEITIES ...ttt sttt b bt eb et es et be st eb e bt e st oot b sbeebesbeeaeennens 265
34.3.2. Modeling of cascades bioreactors. Structural Properties..........cooeveerieriieiiieiinienieeeeee e 271
34.3.3. Bioprocesses modeling using mass balance equations............covvereerieriieieeienienieneee e 275
34.3.4. Models with variable StrUCTUIE...........ooiiiiiiiiiieie et 287
34.4. Bioprocess state and parameter €StIMAION ..........cveceerreerreerieeeeieeseesteesteeseeeeeseesseesseesesssesseesseesseessesssenns 295
34.4.1. Bioprocess identification using State ODSEIVETS.........cvvieruieiiiieiierieerieeteeteeeeereesreesreeseesseesnesaeeenes 295
34.4.2. Bioprocess parameter estimation using a Luenberger 0bSEIVer ...........ccuvevveeveeierierieenieeie e 296
34.4.3. Bioprocess parameter estimation using the Kalman Filter (KF) .........ccccoovviiiiiniinieicee 301
34.4.4, SIidiNG MOAE ODSCIVET.....cuieiieiieiiieiieie et ette et et eteeseeaesaesseessee st enseenseessasssenseenseenseensesnsesnnennes 307
34.4.5. HOO FIILET ..vtevieiieieeieetee ettt ettt ettt ettt et et e be e be st eates e estesse s e s e eseeseeseassensensenseeseeseeneeneeneans 312
34.5. BIOPIOCESS CONLIOL STIAIEZICS. ... eueetieueertieti et eiteeteeeteett et eteeieesseessee st eseeenseeneeeseenseenseensesneesneesseenseeseennens 315
34.5.1. Bioprocess control 0bjectiVes. AN OVEIVIEW ......c.eeiuieriieiueeieeiesieeseesteeeeeeeenee e sseesseeseensesnaesneesnes 315
34.5.2. Bioprocess control using @ priori MOAEL...........ociiiiiiiiiiiiiiiieiereet e 316
34.5.3. Adaptive control Of DIOPIOCESSES ...c..eeuiemiiiiieiieitietiete ettt ettt ettt e et saeeees 319
34.5.4. Bioprocess sliding mode CONIOL........oo.iiiiiiiiiiieiieeeeee et 329
34.5.5. RODUSE DIOPTOCESS CONTIOL .....viiuiiiiiiiiiiiieiie ettt ettt ettt ettt esseetaestaesbeesbeesseensessaesneens 332
34.5.6. Bioprocess Predictive CONTIOL......ouiiiiiiiriieiieieetiecte ettt et ae e enseesaeeseesseebeesseessessaesanennas 348
34.5.7. Bioprocess control based on Al teChNIQUES........ceevviiriieriieiiiie ettt 351
3416, CaSC STUAICS ..ttt ettt etttk h et s et b e s bbbt eh et b e bbbt bt e st et b sttt ebe bt einene 361
34.6.1. Control remediation in an anaerobic fermentation ProCeSS ........c.eovverierirereeeieeierierieesreeresneseeeens 361
34.6.2. Process control of wastewater treatment using activated sludge..........cccevvevieiiicienienieeceee 369
R 00 T L1 ] 1o 4 [ S SPSRPSRPSIP 380
REFERENCES ...ttt et ettt e sttt e st e st es e ssesseesees e e st et b essessanseeseeseeseassensansensesseeseeseeseeneanean 380
35. ROBOTICS (Mircea IVANESCU, Theodor BORANGIU) .........ccooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 385
T B e (0T L1 2 ) OSSO S PSSPt 385
TS B O I T (0] T L AR 1 3o OSSP PR PSS 385
35.1.2. IndUStrial PPLICALIONS .....eevvievieiieiiieieeie ettt ettt ettt e e e st e steesae e seesseesseesseessesseesseesseessesssesanenns 387
35.1.3. The characteristics 0f the SYSIEIM ......ccvevviiiiiiicieciiese ettt saaeees 389
35.1.4. RODOt ClaSSITICATION .....cviiiiieiieiieiiet ettt ettt ettt sttt et eieens 389
35.2. Kinematic and dynamic MOAEIS ...........couiiriiiiiiieriiieiesieie ettt ettt ebeeseenaesaeessaesseenseennenns 393
35.2.1. Coordinate systems and tranSfOrmMations............cvereeruierreerieeie ettt eeesete et eseenseenaesneennas 393
35.2.2. Denavit-Hart@NDEIE ........ccveriiiiieieeieeit ettt ettt ettt et e et e et e b et e enteeneeeneeenes 397
35.2.3. The Direct and Inverse Kinematic problem ...........ccooviiiiriiiiiiieiieiee e 401
35.2.4. DYNAMIC MOUEIS ....eovieiieiieiieiieete ettt ettt ettt et e st e s et e st e et e e e eseeeseesseenseenteenseeneesneennes 403
35.3. RODOE CONIOL SYSTEIIIS ...ttt ettt ettt ettt ettt s et st e st e et e et ee e eseeeb e et e enbeembesmeesmeeseeeneeenseeneens 405
35.3.1. Robot motion control. Motion planning and trajectory generation .............cccceeeereeeruereeneeneeneennne. 405
35.3.2. TraJeCtOry trACKINE ..c..eeitieiieiieieie ittt ettt sttt ettt et eae e e et e et e bt enteenteeneesneenees 410
35.3.3. FOICE COMNLIOL ..ttt ettt b e st eb e st eat et et et e sbeebeeneeneennans 443
35.3.4. Intelligent CONLIOL OF TODOTS.....ccuiiiiiiiciieie ettt ettt e b e e s e enaesaaenas 448
35.4. RODOE-VISION SYSCINIS ..vevviivieuieiiesieieteiteesiesteesseeseesseesseesseessesssesseesseesseesseasseessesssessesssesssesssesssessessseessesssenns 449
35.4.1. Frames, image features and configurations of video CamMeras...........ccvevvvevieeieeienienieeneeie e 449
35.4.2. Architectures for visual guidance of robOot MOtION.........ceeuirierierieiieii et 454
35.4.3. Estimating the parameters of point- and pose-fEAtUIES .........cccocvevierieriieriieieeieeeeee e 463
35.4.4. Robot-object calibration fOr SraSping..........ccecveeeerierierieeieeie e stese ettt eee e stee e eeeeee e eneeenes 471
35.4.5. Vision-based techniques for robot motion guidance ............ccceveerierieniieiieeeeseeee e 479
35.5. RODOt PIOGIAMIMIIG .....veuvieneieniieieesiieste et eeee ettt eiee et e et e bt et eseesseesseess e e st enseemeeeneeeseenseenseenseeneesneesseeseenseeneens 487
35.6. Hyper redUNdant TODOTS. ........oiuieiiiiiiieitiete ettt sttt ettt ettt e s bt et e bt e besmeesaeeseeebeeneeeneeans 496
TSI R e (o7 L1 13 o ) BTSRRI 496

35.6.2. “Hyper redundant” robot MOAEIS ...........covieiiiiiiiiiiiiiiieieeie et 497



692 Automatica
35.6.3. The Kinematic MOAEL..........cooiiiiiiiiiei ettt ettt s 502
35.6.4. The dynamic model of the ideal armi...........c.occuiviiiiiiieiieiicie e 504
35.6.5. Distributed control system with ER TQUIAS ......cccooviiiiiiiiiiiiiiiicciceeceeee e 507
35.6.6. Position control with conventional 1aWs ...........cceoiiiiiiiiiiiiieee e 515
35.6.7. Selecting the parameters of the CONtrol SYSTEM .....cc.vevvieriieriiiieiie et 524
35.0.8. FUZZY CONIOL......oiiiiiiiieiieieeie ettt ettt ettt e et e st e saeesae e seenseesseesseesaensaenseenseensesnaesnnenns 526

35.7. IMODILE TODOLS ...ttt ettt b e bbbt et ettt b e s bbbt ebt et et e b sttt ebeebeeanen 530
TS T ' (0T L1 5 o ) PSSR 530
35.7.2. Principles of control systems for mobile roDOLS .........ceereeiiriiiiiiieeee e 531
35.7.3. WHEELEA TODOLS ...ttt ettt ee ettt e et e st e e s e ese et e enseenseenaesneennes 533
35.7.4. WalLKING TODOLS ...ttt ettt ettt et se et e bttt ese e e bt eeb e et e enteenbesseesneenes 536
35.7.5. Navigation of MObDile TODOTS. ......ccuiiiiiieiiiieeee et 540

REFERENCES ...ttt ettt ettt et b e bt b e st e s et et e bt s bt ehe e st ene e st et e besbeebeebeeneeneens 546

36. MANUFACTURING SYSTEMS CONTROL (Simona luliana CARAMIHAI loan DUMITRACHE)) .................. 555

36. 1. INEEOAUCTION ...ttt ettt bt bbbt ettt b e s bbbt est et e e e b st e bt sbeebeennens 555

36.2. Manufacturing Systems Modelling APProaches .........cceevvieriiiiiiiiieiienieie ettt sae e e 562
36.2.1. INtrOAUCLOTY ASPECES ..uvveuvieerieiietieiteeteerte et esteeteeeteesteeteeseesaesseesseesseenseenseenseesseessessaenseensennsesssesanennes 562
36.2.2. Probabilistic MOAELS ........coiiiiiiiiiieiiet ettt ettt ettt et enes 564
36.2.3. Diagram-based equilibritm eqUations............ocueruierienieieeie ettt eees 568
36.2.4. Modeling systems of various operating speeds Machines ............ccccevveriieriieiieienieniee e 571

36.3. Behavioral modeling of manufacturing SYSTEIMS .....cc.eeuvieuirriiiieiie ettt ettt 575
36.3.1. Petri-Net based modeling and STmMulation .............ccccooieririiiiiiienee e 575
36.3.2. Petri-Net based SUPEIVISOTY CONLIOL .......oouiiiiiiiiiiiiieiieeee e 579

36.4. The Enterprise of the Future — evolution teNdeNnCY .........ccveeviiiiiiiiieriieieeieeee ettt 591

REFERENCES ...ttt ettt ettt b e bt b e st e st e e et e bt s bt ebe e st eneemt et e besbeebeebeeneeneens 595

37. AUTOMATIC FLIGHT CONTROL SYSTEMS (Adrian STOICA) .......cccocovevimimiiiiiiiieieneneseseeeeee 597

37.1. A NIStOTICAl POISPECTIVE. ...vieuieiieiieiieie et et et et e et et et et e esbessaesseesseesseesseenseesseessenseenseensesssesseessaenseensennsenns 597

37.2. General considerations on the design of automatic flight control SyStems.............cccevveerierierieerieneeieeeenns 599
37.2.1. Mathematical modelling of aircraft dynamics...........coceereeruiroiiiieiiereeeeeee e 599

37.3. Automatic flight CONtIOL SYSEEIMS ......c.eiiuieitieiieieetieeie ettt ettt et et e st eteesaeeneesneesreenseeseeneeens 602
37.3.1. Flying qualities of the airplane...........cccooiiiiiiiiii e e 603
37.3.2. Design of stability augmentation SYSTEIMS .........cc.eeruieruieruerieniesiie et ettt eeeeeeeestee b et eee e s eeee 604
37.3.3. Desi@n Of QULOPILOLS ....oueiiiiiiiie ettt ettt ettt ettt et snee e ee 620
37.3.4. Pilot iINdUCed OSCIIALIONS ......e.viiiiitiiesieeiee ettt st enens 631
37.3.5. Performance analysis of networked control systems with fading communication channels........... 638

REFERENCES ...ttt ettt ettt ettt b e bt b e st e a et et e bt e bt eb e e bt en e et et e besbeebeabeeneeneens 641

38. COMPLEX NETWORKED CONTROL SYSTEMS - CYBER-PHYSICAL SYSTEMS

(10N DUMITRACHE) c....cocoueeverevereeeireeeesesereseaeesassessisessasesssssessasessssesssssessssessssesssasessssessssesssssessssessssessssnessaressssessssnessssessssessssnens 645
R i o7 1017 510 o USSP 645
38.2. Some aspects on modeling and analysis of Complex Systems — I-CPS (Intelligent Cyber-Physical
N 1S5 10 T USSR 649
38.3. Introduction in EMbedded SYStEIMS. ........coitiiiiiiiieiietieee ettt ettt 652
38.3.1. Problems of the embedded SYStEmS. .......cc.eiiiiiiiiiiieeeeee e e 654
38.3.2. Integrated design hardware and SOTTWATE ..........cciiiiiiiiiiiie e 657
38.4. Real-Time Networked Control SYStems (INCS) .....eocvieiieriieiiiiieie ettt ettt esreeste e eaesseesraesseeseensenns 658
38.4.1. Preliminary ClEmMENLS. ......ccveviiieiiieieeieitee ettt et e et esteebeeaesetesteesae e seesseesseesseessesseesseenseensesssesaeenns 658
38.4.2. MOdeling OF NCS ..ottt ettt et e s ae e be et e e b e esseeseessaeseesseensessaesaeenns 663
38.4.3. Stability analysisS Of INCS ........ooiiiieiie ettt e e et essa e beeseenseenaesnneens 667
38.4.4, MUILI-AZENE SYSLEIMS ...vvevvieereetieeieteeiteeteeteesteettesseesteesseesseessesseesseesseeseesseenseessesssensaesseensennsesssesneenses 671
REFERENCES ...ttt ettt et b bbb bbbt b et e bt b et e st et et e bt e be e st ne 681

L0 (3740 (s E RPN 683



