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Cuvinte cheie sistem automat, monitorizageanaliza caliitii aerului, sistem multiagent,
inteligena artificiala

Rezumat

in contextul dezvoltrii unui mediu durabil, una dintre preocuile actuale o
reprezini asigurarea calitii aerului. Studii epidemiologice au demonstraipoluarea aerului
poate avea efecte nocive atat asupra ecosistencdlay, asupra snatatii omului, cauzand
diferite afe¢iuni pulmonare, cardiovasculare, imunitare etcnétpalii poluani atmosferici
(dioxidul de sulf, oxizii de azot, ozonul troposter pulberile in suspensie, benzenul,
monoxidul de carbon, plumb, hidrocarburi aromatmaiciclice) pot proveni din surse
variate, precum sistemele dedlzere a populéei care nu utilizeazgaz metan, traficul rutier,
procesele industriale.

Managementul de mediu eficient imgliagiuni de protege a populéei, rezultate din
monitorizareasi analiza constaata parametrilor atmosferici. Un sistem de monitangz
permite olinerea de date utile pentru identificarea zonetdugtesi pentru luarea de decizii
strategicsi tactice de combatere a patil si de prevenire a acesteia.

Monitorizarea automata califitii aerului presupune cungtarea in orice moment a
starii proceselor din mediul atmosferic (difuzia, déspia poluatilor atmosferici) prin
utilizarea unor echipamente tehnice speciale (#pasl@ nisuraresi analizi chimic a
concentrdilor unor poluani, stgii de monitorizare) in vederea efedtit automate a
operaiilor de masurare, validare, prelucrare, transmitere, stogagaalizare a concentidor
parametrilor atmosferici.

Sistemele multiagent sunt sisteme distribuite @reun comportament emergent ce
rezulés din interaciunile agefilor sistemului. Luarea deciziilor nu este inflgati de obicei
de nici un element central de contralaacum se intamplintr-un sistem ierarhic de
conducere. Astfel, ele se pot mapa eficient psistem de monitorizarg analiz a califitii
aerului.

Obiectivul principal al tezei de doctorat a constat in modelarea, proiectarkga
dezvoltarea unui sistem automat bazat pe tagateligerti la nivel de prototip, pentru
monitorizarea, analizé prediaia calittii aerului.

Obiectivele specifice ale studiului doctoral auatiz

» Prezentarea stadiului actual al domeniului morasoiii si analizei principalilor
poluani atmosferici, a metodelor instrumentaje echipamentelor folosite Tn
determinarea concentiiéor acestor substae, catsi o serie de sistemg proiecte
dezvoltatepe plan fianalsi interngional Th acest domeniu.

» Abordarea sistemica problemei monitorizii si analizei calitii aerului;

* Modelareasi proiectarea unui sistem automat pentru monitogizanaliz si
prediaie a caliitii aerului cu ajutorul agetitor inteligerti;

» |dentificarea celei mai performante tehnici hibriokezai pe intelige artificiala
pentru analizai predigia calittii aerului Tn zona aglomarii Ploiesti, tinand cont
de particulariitile meteorologice, geografice, industriale ale zpne



» Implementarea unui sistem automat bazat petaggeligeni pentru
monitorizarea, analizé prediaia calitii aerului.

Teza de doctorat este structériat 6 capitole.

Capitolul 1 al tezei de doctordEundamente ale monitorizrii si analizei calititii
aerului prezint aspectele teoretice reggte in domeniul monitorizii si analizei caliditii
aerului: tipurile surselor de poluare, principglaluani atmosferici, factorii meteorologici ce
influenteaz episoadele de poluare, metaglenodele de simulargi determinare a dispersiei
in atmosfex a diferitelor tipuri de poluan In ultima sedune este propdsschema unui
sistemului automat de monitorizasieanaliz a cali@tii aerului.

Capitolul 2,Stadiul actual si tendinte in domeniul monitorizirii si analizei calititii
aerului descrie diregile actuale care privesc monitorizargaanaliza caliitii aerului. Sunt
descrise principalele metode dégurare a parametrilor atmosferitide analiz a dispersiei
atmosferice utilizate Tn domeniul monitaniz calitatii aerului. Este prezentati o sintez a
sistemelor dezvoltate atat la nivekioaal, catsi la nivel interngional, incepand cu sistemele
bazate pe metode convtmmale, fiind apoi descrise sisteme ce utilizeezele wireless de
senzorisi sisteme bazate pe inteligénatificiala. Ultima sedune prezini dous abordiri
avansate pentru un sistem de monitorizaemaliz a cali@tii aerului.

Capitolul 3,Modelarea multiagent a unui sistem automat pentru ranitorizarea si
analiza calitatii aerului, prezini modelarea unui sistem de monitorizgranaliz a calittii
aerului cu ajutorul ageitor inteligenti. In prima parte a capitolului sunt descrise pipatele
caracteristici ale agé@ior inteligerti, ale sistemelor multiagent, protocoale de intguae n
cadrul sistemului. In cea de-a doua parte, estpysianodelarea unui sistem automat bazat
pe agen inteligeni. Sunt prezentate arhitectura sistemului multidgetipurile si
rsponsabiliitile agenilor, planurile de exeaie.

Capitolul 4, Cercetari privind aplicarea tehnicilor hibridede predic tia calitatii
aerului, descrie investigéle ntreprinse in vederea evidesrii acelei tehnici hibride ce are
performanele cele mai ridicate Tn domeniul monitariz si analizei califitii aerului adaptate
particularititilor specifice oraului Ploiesti. Este descrisproblema predigei calititii aerului
si metodologia propus pentru dezvoltareai construirea tehnicilor hibride bazate pe
inteligena artificiala. Sunt implementate modele bazate pe algoritmitg2nestele neuronale
artificiale, support vector machine, arbori de decki cel mai apropiat k vecin pentru
predigia valorii unui poluant atmosferic cu o fereaste timp de 1 ar.

Capitolul 5, Contributii la dezvoltarea unui sistem automat bazat pe agen
inteligenti, prezind principalele contribtii ale tezei referitoare la mijloacele de implenaeat
a unui sistem automat de monitorizar@naliz a califitii aerului bazat pe ageénnteligeni.
Principalele prototipuri ale sistemului bazat pergsignteligenti propus in capitolul 3 sunt:

= Sistemul AQDMASV1 ce preziatdoui module:

o Primul modul realizeazin regim de simulare monitorizargiaanaliza
calitatii aerului la nivelul a 6 sta de monitorizare,

o Al doilea modul construige si testeaz modelele bazate pe tehnici de
Data Mining, descrise in capitolul 4 pentru predicalittii aerului.

=  Sistemul AQMASV2 realizeazmonitorizaressi analiza caliitii aerului in regim
distribuit ntr-o reea de calculatoare.



= Sistemul AQMASV3 realize@zmonitorizarea calitii aerului utilizand senzori de
monoxid de carbonri de temperatudgi microcontrollere pentru achiz n timp
real a informéilor legate de valorile parametrilorasurai.

Capitolul 6, Concluzii, contributii si directii viitoare de cercetare evideniazi
contribuiile tezei de doctorafi posibile diredii viitoare de cercetare.
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Abstract

In the context of developing a sustainable envireninone of the current concerns is
to ensure the air quality. Epidemiological studiree shown that air pollution can have
harmful effects on both ecosystems and human heatlsing various lung, cardiovascular,
immune diseases, etc. The main air pollutants sulfoxide, nitrogen oxides, ground-level
ozone, particulate matter, benzene, carbon monpbddd, polycyclic aromatic hydrocarbons)
may come from various sources, such as heatingpeofpopulation who does not use gas,
traffic and industrial processes.

Efficient environmental management involves actidos protect the population,
resulting from constant monitoring and analysisathospheric parameters. A monitoring
system allows obtaining useful data to identify gadluted areas and to take strategic and
tactical decisions to stop the pollution and tovpr it.

Automatic monitoring of air quality involves knovgrat any time information about
the state of the atmospheric environment proceglifasion, dispersion of pollutants) by
using special technical equipment (instrumentatind devises for chemical analysis of the
concentrations of pollutants, monitoring statiorie) carry out automatic measurement
operations, validation, processing, transmissitorage and analysis of concentrations of the
atmospheric parameters.

The multiagent systems are distributed systems lwha&ve an emergent behavior
arising from the interaction between the systengenés. The decision is not influenced by
any central control element as it happens in aahsércal system. Thus, they can effectively
map a system of air quality monitoring and analysis

The main objective of the thesis is the modeling, design and development of an
automated system based on intelligent agent prqagotgvel for monitoring, analysis and
prediction of air quality.

The specific objectives of doctoral study were:

» The current state presentation of the domain ohtbaitoring and analysis of the
main air pollutants, the instrumental methods dsdused equipment to determine
the concentrations of these substances, a numbesclidmes and projects
developed nationally and internationally in thedd.

» Researching the system theory-based of the mamjfaand analysis of the air
quality problem;

= Modeling and the design of an automated systermfonitoring, analysis and
prediction of air quality using intelligent agents;

= Identifying the most advanced hybrid techniquestam artificial intelligence for
the analysis and the prediction of air quality ne tarea of Ploiesti, taking into
account the weather, geographic and industrialquéatities of the area;

» The implementation of an automated system basednttligent agents for
monitoring, analysis and the prediction of air gwyal

The thesis is divided into six chapters.



Chapter 1 of the thesis;undamentals of air quality monitoring and analysis
presents the theoretical aspects found in the &iekldr quality monitoring and analysis: types
of pollution sources, main air pollutants, meteogital factors influencing pollution
episodes, methods and simulation models and detatiom of the dispersion into the
atmosphere of the various types of pollutants.h@ fiast section there are presented two
advanced approaches for an automatic air qualityitoxdng and analysis system.

Chapter 2State of the art and trends in air quality monitoring and analysis
describes the present directions for air qualitynitoeing and analysis. It describes the main
methods for measuring atmospheric parameters aalgisis of atmospheric dispersion used
in monitoring air quality. It presents a summarytltéd systems developed both nationally and
internationally, starting with the systems basedconventional methods, then the systems
using wireless sensor networks and intelligentesyst based on artificial intelligence are
described. The last section presents a comparatiakysis of these methods and systems.

Chapter 3, Multiagent modeling of an automated system for air quality
monitoring and analysis presents the modeling and analysis of air qualsiyng intelligent
agents. The first part of the chapter describesrthm characteristics of the intelligent agents,
multiagent systems, and interaction protocols witthe system. In the second part, an
automatic modeling system based on intelligent sgendescribed. The architecture of a
multiagent system is presented, the types and negplities of the agents, construction plans.

Chapter 4Research on the application of air quality predicton hybrid techniques
describes the investigations undertaken to emphddbket hybrid techniques has the highest
performance in the field of air quality monitoriagd analysis tailored to the specific features
of Ploiesti. The problem of prediction of the air qualitycatihe proposed methodology for the
development of the hybrid techniques based oni@adifintelligence are described. Models
based on genetic algorithms, artificial neural reeks, support vector machine, decision trees
and k nearest neighbor to predict the value ddiapollutant with a time window of one hour
are presented.

Chapter 5,Contributions to the development of an automated stem based on
intelligent agents, presents the main contributions of the thesis te theans of
implementation of an automated system for monitpand analysis of air quality based on
intelligent agents. The main prototypes of the @ysbased on intelligent agents proposed in
Chapter 3 are:

= AQDMASV1 system which has two modules:

 The first module performs under simulation and gsial of air quality
monitoring at 6 monitoring stations;

e The second module builds and tests models basé&htmMining techniques
described in Chapter 4 to predict air quality.

= The AQMASvV2 performs air quality monitoring and bs&s system in a
distributed computer network.

= AQMASV3 performs air quality monitoring system uginarbon monoxide and
temperature sensors and microcontrollers for athea parameters concentration
measuring.

Chapter 6, Conclusions, contributions and future research highlights the
contributions of the thesis and the possible futasearch directions.



