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Iepiinyn

Me yvopovo toug Tay0TaTovg puOpovs avanTuENG TG TEXVOAOYING GTNV ONUEPVH
emoyn, £xel onuewwdel pia adidkonn Tpocmadela va elcayfovv oty Kabnuepvotnta
TEXYVOAOYIKA EMITEVYUATO OVTMG MOTE VO KOALPOOVV KAAVTEPX, EVKOAOTEPO KO TTLO
owovopkd ot avOpomiveg avaykes. Ewdwotepa otov topéa g Propunyoaviog, g
€PELVOC KOL TOV €POPUOYOV Tapatnpiinke mn avdykn Vmopéng mTpoypoupudToy
TPOGOUOIoNG, KAOMG TPOCEEPOLV OCPAAEIL GE TLYOV GEAAUOTO, HLELOVOLV TO
KOGTOG Kot €ivol TPOCITO MG TPOG TN YPNOTN OE EMAYYEAUOTIEG KOl GTOLOUGTES
avaTeEPNG  ekmaidevone. Xtnv mapovoo OwtpPn Oo mapovcilactel M pEAETN
eQOpUOYNG  HeBOO®V  EAEYYOL  MVELUOTIKOL  GUOTNUATOS O  TEPPAAAOV
npocopoiwons. EmmpocsOétmg, Ba avaivbel kot Bo meprypagpel n Aettovpyio tov
GLYKEKPLUEVOL TVELHOTIKOD GLGTNWOTOG KAODG Kot 6Aot ot péBodol eAEyyov mov
ypnoworombnkov ce avtd. To avrikeipevo g peAétne, to omoio euminTel pe TO
[ILM.Z, 0edopévov OTL TPAYUOTEVETOL GUYXPOVEG  EQOPUOYES — TEXVOAOYLDV
OQVTOUATIGHOV, Ba TpooTadncel vor KOADYEL EPOTUATO OTWG EAV Ol GLYKEKPIUEVOL
péBodoL eELEYYOL givar KATAAANAOL KOl OTOTEAEGILATIKOL Y100 TO TVELUOTIKO GUGTILLOL
Omov pereTdatal, kol Kupiwg OGO omoteleopoTKn €ivol 1M ypnon evog mivaka
avtiotoiylong Acaeotg eieyktn (Fuzzy) pe Avoroyikd-OrokAnpoTikd-Atopopikd
ekeykm (PID). T'a t ypnon 1ov GUYKEKPIUEVOL TIVOKO GTO TVELHOTIKO GUGTNUA
NG TOPOVGAG HEAETNG dev €xovv eaybel amotedéopata péypt ofjuepa. Ta 600 avtd
yeyovota, amoteAohv Tov KOPLo oKomd avthg NG dtpiPng, o€ o mpoomtadsia ot
TOPOTAV® EPAPUOYES VO TPAYUOTOTOOVV TOV EAEYXO TOV GLOTHHOTOC. To Kupimg
pépog g peréng Ba emelnyel tov oxedlaopd ToV GLoTAHATOS KABMG Emiong To 100G
TOV EAEYKTAOV Kol Tov Tivaka avtiotoiynong. O tpdmog chivoeons kot Asttovpyiog
HETOED TOV TVELUATIKOD GLGTNUOTOS, TOV HEBGOMV €AEYYOL KOl TOVL TIVOKO, GTO
nepPdAlov mpocopoimong Ho TaPOVGLOGTOVYV OVOAVTIKA, EVM OO OAN TO AVAOTEP®
Bo TPOKVYOLV TO GUUTEPAGLOTO YPNONG TOV GLYKEKPIUEVAOV HeBOdwV eAEyyov, Oa
ocu{nmbovv Te TAEOVEKTNHOTO KOl HELOVEKTNUATO TOVG Kot TowTtOypove Oa
potafodv PEATIGTOMOMCEL £T61 OGTE Vo EXEKTABODV TEPAUTEP® TA OQEAT OO TNV
Aertovpyior tovg. Q¢ mBavd amoteléopa TG YPNONG TOV TOpAmive HeBOOV
aVOPEVETOL VO, TPOKOWYEL | €iTELEN TOV PEATIOTOV KOl OTOOOTIKOTEPOL EAEYYOV TOL
cvotNUatog. Ymoloyiletar 6t 1 pekétn Ba olokAnpwbet eviog 4 umvov, dedopévou
O0TL 1] GVAAOYY BiBMoypapiag amd to dadikTvo Ba Guvodevtel amd TV VAOTOINGN TOV
GLGTNUATOG Kol TOV HEBOdWV eAEYYOL TOV 6TO TTEPIPAAAOV TTpocopoimong. Katd tov
televtaio (tétapto) puva Ba mpaypatomomBel n cvyypaen ¢ OwTPPrg Kot ot
dopbaoelg avtig oe cuvepyacia pe Tov emPAETOVTA KaONYNTY.

AéEgic-Kheond:

Mvevpatikd Zootpa, MéBodor Eréyyov, Simulink, PID Controller, Lookup Table Fuzzy PID
Controller
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Abstract

In light of the rapid rates of technology development in our times, there has been a
continuous effort to introduce everyday technological advances in order to cover
better, easier and more economically human needs. Especially in the sector of
industry, research and applications, the need for simulation programs was seen as
offering security to errors, reduce costs and they are accessible to use by professionals
and higher education students. This thesis will present the study of control methods’s
application for pneumatic system in simulation environment. In addition, it will
analyze and describe the operation of the pneumatic system and all the testing
methods used in it. The object of the study, which comes with MSc, since it deals with
modern automation technology applications, will try to cover questions such as
whether these control methods are appropriate and effective for the pneumatic system
which is studied, and especially how effective it is the use of a Lookup table to
Implement Fuzzy controller(Fuzzy) with Proportional-Integral-Differential controller
(PID).For the use of this Lookup table in the pneumatic system of the present study,
results have not been extracted to date. These two events are the main purpose of this
thesis, in an attempt to perform control of the system on the applications above. The
main part of the study will explain the design of the system as well as the type of
controllers and the Lookup table. The way of connecting and operating among the
pneumatic system, the control methods and the Lookup table, in the simulation
environment will be presented in detail, while all this will emerge the conclusions of
use specific control methods, the advantages and disadvantages will be discussed and
both will be proposed optimizations to further expanding benefits of their operation.
As a possible result of using these methods, will occur to achieve the optimal and
efficient control of the system. It is estimated that the study will be completed within
four months, since the collection of literature from the internet will be accompanied
by the implementation of the system and the methods of control in the simulation
environment. During the last (fourth) month the writing of the thesis will take place
and also corrections in cooperation with the supervisor.

Keywords:

Pneumatic System, Control Methods, Simulink, PID Controller, Lookup Table Fuzzy PID Controller
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EIZAT'QI'H

Me kputfipto Vv OAROTOON avATTLEN NG TEYVOAOYING, £XEl TpaypoTomombel o
aévan mtpoonddela vo eloyBovV TNV KaONUEPIVOTNTO TEYVOLOYIKE EMTEVYLLOTO £TOL
MOOTE VO IKOVOTomBobv e Tov KoAvTepo duvatd tpdmo ot avBpomves avaykec. [To
CLYKEKPIUEVA, oTOV Topén NG Prounyaviag, ™G £€PELVOS Kol TOV EQUPLOYDV
wapoPNOnKe 1 avaykn VIopENg TPOYPOUUATOV TPOGOUOImoNS, 00Tl dlabétovy
acPirele o€ TOOVA CEAANOT, ELOYIOTOTOOVV TO KOGTOG KOl EIVOL OPKETH TPOGLTA
WG TPOG TN YXPNom, TOG0 o€ emayyelpotieg 0G0 KOl GE GMOLONCTEG AVATEPNG
exmaidevong. Xy napovca dtpiPn Ba mapovsiactel N HEAETN epaproyn peBddwV
EAEYYOL TVELLOTIKOD GLOTHHOTOC o€ ePPdALov Tpocopoiwone. Emmpochétwe, Oa
avaAvfel kol Bo meprypapel M Agtrtovpyiot TOL TVELUATIKOV GULGTHUOTOS TOV
peretaral, kang emiong kot 6Aot ot pEBodot EAEYYoL oV Ypnoipomodnkay e avTo.
To avtkeipevo g pekétng, o mpoomadnoel va anavTinoel EPOTALOTA OTMG €6V O1
ocvykekpipévol péBodol eréyyov eivarl KATAAANAOL KOl OTOTEAECUOTIKOL Yl TO
GLYKEKPLUEVO TVELLOTIKO GUGTNLO, KOl KUPI®G TOGO amoTELECUATIKY Elvan 1 xprom
evog mivaka avtiotoiytong Acapovg ereykt (Fuzzy) pe Avaroyuo-OrokANpTiKO-
Awpopkod eleykt (PID).
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Kepdrow 1: IIveopotikd Xvetirota

1.1 Ilvevpotika Xvotipota

O 6pog mvevpotikd mopamEUTEL otV AEEN TvedUA OTOL OTA apYoict EAANVIKA
onuaiver dvepog kar aépag. OmoodNTOTE GLGTNUA XPNOLULOTOLEL TNV EVEPYELNL TTOV
&xel omobnkevbel oTov TEMEGUEVO aépa, Yo va Ttapdyet Epyo ovopdletot [Tvevpoticd
Xvomua. [1]

Zyua 1.1: Hvavuan'lzé XOotnua

1.1.2 E@appoyéc IIveopatikdv Zvotnpatemv

Ta TveLUaTIKE GLOTAUOTO CVTOUATOL EAEYYOL YPTCILOTOLOVVTOL GE PLOUNYOVIKA
neplPdAlovio. Omov o akpPng kol ypNyopog €heyxos, eivon amapaitmtog. e
Brounyavikég e@approyés, OTMG VOOUVTAL GNUEPN, GTOV OVTOUOTICUO EPYOCTAGI®V, O
TEMECUEVOS aépag Gpyloe va ypnoiponoteitor ) dekaetioo Tov 1950, kot and tdte N
xPNon Tov av&dvetal cuveDS. Me ypNoN TVELUATIKOV GLUGTNUATOV EAEYYOL Eival G
0éon va viomomBovv OAeg Ol CLVOPTNGCELS OLASIKOD EAEYYOV, OTMC emiong elvan
EPIKTO VO 0XeS10.6TOVV Kol Vo VAOTOMOOUV T0 TEPIGGOTEPO KUKAMUOTO CUTOUATOV
eLEYYOL OmOL £xovv cav Bdon Tovg TV Yneloky dvadikh Aoykn. [1]

1.1.3 MMigovektpato [Ivevpatikav Xvotnpuatov

Ta acikd TAEOVEKTALATO TOV TVEVUATIKOV CLGTNUATOV Elvat:

H woavémtd toug vo avantdicovy peyaieg SuVALELS

OrvynAég tayhnTeg amoOKPIoNG

H woavomomtikn duvoatdtnta cuumieons tov aépa

O vynAog Adyog dvvauemg Tpog Papog

To pkpo KOGTOG AmodNKEVO™NG TOL 0EPA GE dEEAUEVES

To pKpd KOGTOC KATAGKEVTG TOV CLOTNUATOV EAEYYOL Kot puOoTg
EvkoAn evpeon e€aptmpdtov

Ag pomaivovv 1o Ttepaiiov

[1]

O O O O O O O O
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1.1.4 Mewvektipora [vevpotik@v Xvotnpdtov
To KOpLoL LELOVEKTNHOTO TOV TVELHOTIKAOV GUGTNUATOV giva:

o YynAod K00TOG Tapay®YNG TETEGUEVOL OEPOL

o To onuo petadidetor Bpadvtepa am' 0,11 TO NAEKTPIKO

o H onuovpyio peyddwv dvvapewv oamoutel oyk®dOe Kot LYNAOH KOGTOLG
TVELUOLTIKOVG EVEPYOTOINTES

[2]

1.2 E@appoyéc mpocopoioeng

H mpocopoioon (simulation) g teyvikh avomopdoTtaong TG CLUTEPLPOPAG EVOC
GLGTNUATOG A0 VOl GAAO GVOTNUA, EYEL LYNAN BEoM oTO TAOICIO TOV EKTOUOEVTIKAOV
eQaproydV . Q¢ mpocopoiwon opiletor po péEB0d0Gg LEAETNG EVOG GLUGTILATOG LE TN
Bonbeta evog dAhov cvotuotoc. H mpocopoiwon oniadn, sivor pio avamopdotocn
OV €€l KATAGKELOOTEL e oKOmO vo LupunBel kol vor emTpéyel TV Katavonon g
Aertovpyiog evog cvotuatoc. To cuoTNUO TPOCOUOIMONG £XEL WG OMOTEAEGULOL TNV
€EOKELMOT e TOL YOPAKTNPICTIKG Kol KATOVONGT TOV AELTOVPYLOV TOV GLGTILOTOC
mov avamoplotd. To cOoTNUe TPOCOHOIMONG TIG TEPIGCOTEPES POPES Elval Eva
LOVTEAO IOV «EKTEAEITO» GE VOV NAEKTPOVIKO VTTOAOYIGTY, KO LE QVTOV TOV TPOTO O
YPNOTNG OV YPELALETOL VO EKTEAEGEL TO TEIPAUATA TOV GTO TPAYHATIKO GVGTNO TTOV
HEAETA OAAL GTOO OVTIGTOLYO TPOYPOLLO HEGH TOV VITOAOYIGTY] TOV. XTOYOG €VOG
GLGTNUATOG TPOGOUOIMONG Elvat 1 LEAETT), KO O TEPAUATICUOC UE SUPOPOV EWDDV
cvotiuata (ota omoia kupiwg dev eivan epiktn 1 TpodcPaom). Or ypnoteg xepilovral
TOL GLUGTATIKA TOV GUOTNUOTOG UE EVIEAMG OAANAETOPACTIKO TPOTO, OTMS givar Yo
ToPAdELy O 1) TPOCOUOIMOT YEPIOUOV EVOG TOAEUIKOD 0.EPOCKAPOVG. [3]

H oavdykn g mpocopoiwong TpmTOEUPOVIGTNKE GTO YMOPO TOV EMIGTNHUOVIKOV
EPELVOV MG TEXVIKN UEAETNG TOV OMOTEAECUATMOV LUOG EVEPYELNS GE EVA POLVOUEVO
yopic va omouteitor mopéppaocn oto 1010 0 Qavopevo. Ot TPOGOUOIDGELS
YPNOLOTOIOVVTOL Yo TV €PELVA KOl TNV KOTOVONGCT apy®V AEITOVPYing TOAADY
TEXVOAOYIK®DV, PUOIKAOV KOl KOWOVIKGOV dtodikoctdv. H exmodevtikn npocopoinwon
amotelel éva HOVTELO KATOLOV QOIVOUEVOL, TO OTOI0 Ol YPNOTEG YPNOUYLOTOLOVV Kot
pafaivouv pécm G AAANAETIOPOONG HE TNV TPOCOUOIMOT). X& U0 TOLOOYWYIKT
KATAOTOON TPOGOUOIoNS, 0 HadnTe, S10popomoldvTos Katd PoOANCT OpPIGUEVES
UETOPANTEG TOV POIVOUEVOD TTOV HEAETA, EXEL TNV OLVAUT TNG TPOTOPOVLAMAG Ko Ogv
opeilel va amovTd amhdg 6 EPOTNGELS TOL £YoVV TPOoPAePBel amd Tovg dOnpoVPYoDS
ToL Aoywopkov. Avtifeta, pe Paon TO GLUTEPAGUOTO TOL ONUOLPYEL OTA
QOTEAECLLATO TV XEPICUDV TOL, EYEL TN OLVOTOTNTO VO AVOKOADYEL TO LOVTELD TO
07010 TPOGOUOLDVEL TO AOYIoUIKO M TIG PACIKES TAPAUETPOVS TOV TO dNULOLPYOVV KO
va Béogl oe epappoyn avtd mov NoN yvopilel. Xto €&ng miaiclo, o cuoTHUATO
TPOCOUOIDCE®V JPEPOVY KATO TOAD OO TO. GLOTAHOTO KaBodnynong kot to
ovotiuata eEdoknong. [3]
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1.2.1 Tomor TpocOpOLOGEOV
Exeiveg mov mpocopoimvovy Kartt:

) QLGIKT TPOGOUOIMGT], KOTH TNV OTOl0 £VO PVOIKO POVOUEVO OVATOPIGTUTOL OO
TO VTOAOYIGTIKO GUGTNLLO EMLTPEMOVING GTOV YPNOTI VO KOTAVONGEL TANPOPOPIES Yia
avtd O6tav yepileTon Kamoleg HETAPANTES

B) emovaAnmTikn TpPOcopoimotn, oty omoic 0 YPHOTNG eKTEAEl TO TPOHYPOUUAL
OLd0YIKES POPES KOl EMAEYEL O1APOPES TYES Y10 KAOE TOPAUETPO

Exeiveg mov deiyvouv mag va yivel kdtu:

Y) S1001KaOTIKY TPOcOopoimo™, 1 onoio £xel ®g okomd vo d1dGEel o oAAniovyio
OLdKAGLAOV Yo TNV EMiTELEN EVOS GTHYOL

0) TPOCOUOI®ON KOTACTAONG, OTNV ONoio. O YPNOTNG &EEPELVA  EVOANOKTIKES
dadpopég o€ £va GUOTNIO PE GTOYO VO KOTOVONGEL TIG EMATMOCELS TOVC. [3]
['vopilovtag 611 100 cLOTAUOTA TPOGOUOIMONG KOTA KVUPLo Adyo dwwbétovv
GUYKEKPIUEVO  YOPAKTNPIOTIKA Kol Agttovpyieg, oI GLVEXEW OvOADOVIOL Ol
TPOJIYPUPES TOV EKTOLOEVTIKAOV GEVOPI®V TTOL glval amapaiTnTo Vo, GLVOSEVOLV TO.
ocvotnuato ovtd. Ta exmodevTikd AOYIGUIKE TPOGOUOIMONG OVOTTOCoOVTOL KOTA
Kavovo TAve 6€ Vo AmOGAPNVIGTIKO LOVTEAO TOL TTPOog LEAETN patvopévov. Katd )
ddkacio oy, To GVGTNUA TPOGOUOIMONG eival duvatd vo akolovdel dvo drakpitég
OYEOUOTIKES TTPOOLALYPOPEG:

A) To povtého dev elvar yvootd oto padnt). Tote n mpocopoiwon omokaAeiton
povtelomomtiky (modeling) kot o okomdg TG ¥PNONG TOV GLOTAHUATOC Elval va
AVOKOADYOLV 01 LoONTEC TO VITOKEIEVO HOVTEAD pEGH Omd T OlepeLVTIKY LdOnon.
B) Awgopetikd, 6tav 10 poviélo elval yvootd, M TPOGOUOIMOT| OmOKoAEiToL
ovunepipopiotikn (behaviorist) kot drokpivovton ol ETOUEVES TPEIC KATIYOPIES:

* H odvvapik mpooopoimon emMKEVIPOUEVT) OTN UEAETN NG EMPPONG TOV
TOPOUETPOV

* H pebBodoroyikn mpocopoimwon 1 omoia dev €xel oKOTO TN UEAETN] TOV GUVETEUDV
€vOG LOVTEAOD KAVOVTOG TIG TOPOUETPOVS TOL VO LETAPANB0UV, 0AAL 1 avTimapdOeo|
TOV UE TNV KOWN AOYIKN

* H emygipnoioxn mpocopoimon mov okomevel va Bécel o epappoyn €va meipopa
KOTOVODVTOG LE 0TOV TOV TPOTO T GLOTHROTA. [3]

Me Ogpélto v TponyoOUEVT] TPOPANLATIKY, Ol EPAPUOYES TPOGOUOIMONG TPEMEL VO,
kaBopiloviar, oOpeova pe TO €100G TOVG amd TIC KUPLEG TPOSIOYPAPES, TTOV
aVOPEPOVTOL GTN GUVEYELXL:

* L0 EKTOLOEVTIKT] TPOGOLOIMOT| OOACKEL GYETIKA e pio Evvola Ko Tmg UTopel va
vAomowmBet

* U0, EKTOLOEVTIKY TPOGOUOIMOT] OPEIAEL VO YPNGIULOTOIEL YOUNAT TIGTOTNTO TOL
OVTIKEWLEVOD TTOL OVOTOPIOTA Yo pabntég mov Ppiokoviol oto mTPOTH GTAON Kot
VYNAN TOTOTNTO TOV OVTIKEWEVOD TNG TPOGOUOIMONG Y10 TPOYWPTULEVOVS LOONTES
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* O EKTOLOEVTIKY] TPOGOUOIMOT), €KTOG TMV OMTIKMOV OVOTUPOCTACEDMY TOV
QOIVOUEVOV, TPEMEL VO TEPLEXEL KOl EVOAAUKTIKOD TUTOV OVOTOPUCTACELS, OmMG
YPOPIKES OTTEWKOVIGELS, GYNMOTA, K.O.K.

* U0 EKTOOEVTIKN) TPOCOUOIMOT €lval amopaitnTto Vo TPOGPEPEL LOPPOAOYIKN
oMo avddpaong avéroya pe To 100G TNG Kol AUESOTNTO AVASPUoNG

* L0 EKTOOEVTIKT) (PLGIKT TPOGOUOIMOT TPETEL VO EUTEPLEYEL TKOVOTONTIKO TANO0G
OVTIKEWUEVOV UE AETTTOUEPELDL

* L0l EKTTOLOEVTIKY] PUGIKT TPOGOUOIMGT OPEILEL VO TAPEYEL TOV EAEYYO GTOV XPNOT
€161 MOTE 0 1010 Vo pLOUIlet T PLGIKT €EEMEN TOV PUIVOUEVOL TTOV HEAETA

* WO EKMOLOELTIKN EMAVOANTTIKY TPOGOUoimor Tpémel va oabétel akpifela
petafAntav kot va Eexobapilel moleg petafAntég etvat dyvaooteg, moleg yvmoTég oAl
O OLOYEPICIES KOl TOLES YVMOTEG KO SLOYELPIGIUES

* L0 EKTOLOEVTIKY] EMOVOANTTIKY TPOGOUOIoN TPEnel 0 KaBOPIoUOG OPYIKDV
HETAPANTAOV Vo lval EQIKTOG Kot VoL VITAPYEL LEYAAO €TITESO EAEYYOVL AmO TOV XPNOTN
AVALESO OTIC EMAVOAYELS

* L0 EKTOUOEVTIKY SIOIKAGTIKY] TPOGOUOImoT TpEmet va, dtabétet pia peydn ykdpo
duvatdv dladpopdv Aveng kot TAnbog evepyeimv. [3]

1.2.2 ITAgOVEKTNLOTO. TPOGOUOIMGNG

* AmoteAdel ™MV HOVOSIKY TPOGEYYIoT Yo TV ADGT TPOPANUATOV TOV 0QOPOVV TN
HEAETT Ag1TOVPYLOG EVOG AMPOCTEAAGTOV GUGTHLLATOG

* 2& GUYKPLOT LE TO YEPICUO TOL TPOYLOTIKOD GLGTNUOTOG EXEL YOUNAITEPO KOGTOG

o Tlapéyer peyaddtepn «evocnoion oty aviiinym Tov oyxécewv HETAED TOV
TpoPfANUaTOV

* Etvan acpaing néBodog og avtiBeon pe moALY Ao TO TPAYLOTIKA TEPALOTL

* [lpocpéper duvatotnra emavdAnyne tov 1iov @owvopévov oOmote emiBopel o
xpioTg

“Exet tn duvatdtnTa OAOKANP®UEVNG EVOPAUCTS TOV VIO UEAETT] GUOTILOTOG OO OAEG
T1g mhevpéc [3]

1.2.3 MgoveKTpoTo TPOGORoimong

* Mepikég popég ypetaletor onUavVTIKO ¥pOvo avamTuéEng Kot Heyaho KOGTOG

* & KAmolEg TEPUTAOCELG UTopel va. unv elvar 1 KataAAnAdtepn pnéBodog enthvong tov
UEAETOVEVOD TTPOPANUATOC

» Agv glvar og Béon va gyyombet 611 B 0dnynoel oty kaAvtepn dvvary AVGM TOL
TpoPALaTOG

* Agv givar BEParo OtL avtavakAd pe omoivtn akpifela Ty vo peAétn katdotaon [3]

1.2.4 Iopdadocrypo LoyIGUIKOD TPOGOUOIMONS

‘Eva mapdderypo Aoyiopikod mpocsopoioong eivor n FAIA 1. Enueio avagopdg ovtod
TOV AOYIoUIKOV tvar 1 10€a TG pehétng tov miavntn [M. H I'm a&omoeitor wg 0épa
UEAETNG O€ TEPMTMOOELG OV Eivan evTEA®G amapaitnto. ['a tov e€ng Adyo, o1 Yvdoelg
nov oyetiCovran pe ™ I' mov amoktovV Ta TodLd £Ivol GTATIKES, Kot 0EV GLVOEOVTAL
peta&y tovg. E€antiag dpmg e advvapiog Tov mepapotiopod pe tov miavitn I ot

16



A.E.I. HETIPAIA TEXNOAOI'TKOY TOMEA

TPOCOUOIMCELS KOTAOTAGE®V 1 QUIVOUEVOV OempodvTal ¢ Ol 7o KOUTAAANAEG
puébodotl g «I'mg o¢ yvwotikod avtikelpnévou». Emmpodcheta, otodyog g [AIAX
elvar  amdden 611 n ddackaio pe ta cuvHON pésa €xel OpLo Kot GUYVE GuvVaVTH
dvokoAieg. Qotdc0 pe oot aglomoinoTn TV SVVATOTHTM®Y TOV TPOCPEPOVV O1 VEEG
VIOAOYIOTIKEG TEXVOLOYIES, Eival duvarth 1 exilvon avT®V TV gumodiov. [3]

Zyua 1.2: Tlepipairov Aoyiopkov AIA 11

1.3 Ewsayoyi eto Simulink

To simulink omoteAei éva moAvTo gpyadreio tov Matlab pe to omoio eivar duvotn M
TPOGOUOIWON GLOTNUATOV TO Omoio  mPogpyoviol omd €va  HEYAAO €VPOC
EMOTNUOVIKOV Tepoydv. H ypnom tov dev kabiotd amapaitmtn tn yvadon Tov
Matlab, n yvdon ot givar onuavtikd Tpotépnue S1OTL TPOCPEPEL TNV SVVOTOTNTO
amodoTiKOTEPNG YPNoNG tov. ‘Eva amd ta onpavtikdtepa ticovekthiuata tov Simulink
gtvar 1 amAdTNTA TOL KAOMG TapEYEL GTOV YPNOoTN ToALAPIOUES dievkoAvvoers. [4]

1.3.1 Evepyomoinon tov Simulink

To simulink givar dvvatdv vo evepyoronbei mAnktporloymvrtac v evioin simulink
oto Command Window tov Matlab 9| kGvovtag apiotepd click otnv cuvtouegvor tov
GTNV YPOUUT MeNu téve aplotepd.

Ao yiver avtd, Oa avoi&el éva mapdbvpo pe titho Simulink Library Browser. Xto
apotepd TUNUe. oL Tapafvpov amewoviCovior ot Piprodnkec Yy SpopeS
epapuoyés. Kabe Piprobnkn amoteAeiton amd pikpotepeg kou kabepio am’ avtég
SwBéterl Evav apuod otoyeiomv (blocks), ta omoia epeavifovtol oto de&i Tpunqpa Tov
mopafOpov. Ot BipAodnkeg avtéc KaAOTTOVY éva peYAAO TTESTO EQAPUOYDY, OUMS N
akoA0LO avdAvon Oa evtomiotel povo otnv Piprtodnkn Simulink. [4]
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& simulink Library Browser - | >
Enter search term v 4 9w 2
Simulink
Rsimuink [Py |—
Commonly Used Blocks N Ik""'
Continuous :& \ 2
Dashboard
Discontinuities Commonly Continuous  Discontinuities Discrete
Discrete Used Blocks
Logic and Bit Operations
Lookup Tables s + - ®
Math Operations e= ¥ll} = x @
Model Verification
Model-Wide Utilities Logic and Bit Lookup Math Model
Ports & Subsystems Operations Tables Operations Verification
Signal Attributes
Signal Routing n £ ?
Sinks e ool Em lﬁ
Sources
User-Defined Functions Model-Wide Ports & Signal Signal
Additional Math & Discrete Utilities Subsystems Attributes Routing
Aerospace Blockset
Communications System Toolbox b whe -_
Communications System Toolbox HDL St AN SN ¥
Computer Vision System Toolbox
Control System Toolbox Sinks Sources User-Defined Additional Math
DSP System Toolbox Functions & Discrete

DSP System Toolbox HDL Support
Embedded Coder

Fuzzy Logic Toolbox

HOL Coder

HODL Verifier

Image Acquisition Toolbox
Instrument Control Teolbox

Maodel Predictive Control Toolbox
Neural Network Toolbox

OPC Toolbox

Phased Array System Toolbox
Report Generator

Robotics System Toolbox

Robust Control Toolbox
SimEvents v

Yynuo 1.3: Simulink Library Browser
1.3.2 Avorypo apyeiov ko apocdkn otovysiov (blocks) o avta

INo va avoyyBel éva véo apyeio simulink 1 éva Hon vadpyov ypnoipomoovvIaL ot
ovvtopehoelg twv Windows otnv ypoupry Menu mwéve apiotepd oto Topddupo
Simulink Library Browser.

Mo va mpootedel 610 véo apyeio éva block amd 1o mapdbvpo Simulink Library
Browser, anAdg cvupetar and to mapdbuvpo o610 apyeio, kaTd Tov 1010 TpdTO OTMG GTAL
windows mov petapépovtal apyeio omd €va moapabvpo oe éva dAlo. T va yivel n
petapopd évac aidoc tpomog eivar o€l click oto block kot oto menu mov Oa
enpaviotei, va emieyel to ‘add to untitled’. Amd v oty mov 6to Kouvovpylo
apyeio €xer tomobetnOei éva block, kavovtag dumho click oe avtd avoiyer éva
napdBvpo pe T pubuiceig tov. Kabe block €xer drapopertikég 1816tnTEG O 0moieg
avolvovtar oty ovvéyela. Eniong, kdvovtag deéi click ndvm oto block, epgavietan
éva menu. Emidéyovrag 1o Help mapovoidletor Aentopepnc fondeia yia owtod. [4]
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1.3.3 I'vopwpia pe v Brpriodikn Simulink

H Biprobnkn Simulink amotedeiton amd 13 pikpdtepeg o1 omoieg givar ot €ENG:

« Continuous

* Discontinuities

* Discrete

* Look-Up Tables

» Math Operators

* Model Verification

* Model Wide Utilities
* Ports & Subsystems
» Signal Attributes

« Signal Routing

* Sinks

* Sources

* User — Defined Functions.

Axolovbei avaivon mov avagépetar oe optopéva ototyeio (blocks) tov Biprodnkdv
Continuous, Math Operators, Sinks kot Sources. [4]

1.3.4 Bipiro0ikn Continuous

Ta blocks oty cvykekpuévn Biprodnkn mapovoidlovtot TopakdTo:

Derivative: To block avtd otnv £€£086 tov divel v TopPdy®Yo TOov ofuatog — [duidip
€106000v. 210 Tapabupo puiuicewv dev emTpémet Kopion aAloyr. Derivative

Integrator: v ££086 tov divel To ohokANpmpa TG 16000V, Kdvovtag dumho click
epeavifetar o mapdBvpo pvBuicewv. Xto0 mapdbvpo ovTd pmOpoLV va yivouv
moAvapBeg pupicelg. Ot o onuavtikég etvat ot €ENG:

* Apywn ovvOnkn: H apykn covOnkn g olokAnpwong &xel T dvvatoOHTNTO VO "
ailGéel. Emiong etvon duvotov av emheyel to external oty pubuon Initial = f
Condition Source divel v apyikn cuvOnkn eEmTePIKA amd pio, GAAN Tyn. integrator

* TomoBétnon dvo kot kKdTm opiov oty é€odo: Emiéyovtag Limit output propodv va.
€000V Ta Gvo Kot kbte Oplo oty é£odo tov block, ta omoia opilovtol cTovg
x®povg pe Titho upper saturation limit ko lower saturation limit. Av n Ty tov
OAOKANPOUOTOG YiVEL HEYOADTEPN Ad TNV T TOV Ave opiov TOTE N €£000¢ TOV
block maipvel v Ty Tov dve opiov Kot avTicTorya Yo To KAt Op1o.
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* Opilopdg emtpentov o@oliatog: Me v aAlayn g tung tov tolerance eivot
EQIKTO Vo OAAGEEL TO EMTPENTO oQAAN. APNVOVTAG TO 61O auto, emAéyovtal ot
default pvBuioceic. (Bréne [4])

Transfer Function: H cvvdpmon petagopds dnidvetal pe to otoyyeio owtd.
Avotyovtag To menu pvBuicemv pmopel va aAldéel o apBuntg (numerator) kot o
napovopaotg (denominator). Onmg dniadn opilovtat To ToAvdvvua oto Command
Window tov Matlab. Anladn av yio mopddetypo o ypiotc OEAEL 6TOV TOPOVOUAOTY|
vo. opicel To ToAvdvupo pe Titho denominator ypdaeet tovg cuvieleotés g eéng: [1
0 1]. Onwg ko mopamdve, pmopel va puvBuotel Ko n avoyn ceaApatog and To
tolerance. 12+s

Transport Delay: Otav ypnowomoteiton onuovpysi kabvotépnon o©10 oHUA
€10600v. To onua €£0d0v cvven®dg eivar 1010 pe TO oMU €600V, OAAG pe pia
kabvotépnon n omoia opiletar amd To menu pvBuicewv. IIépa and 10 KoppdTt ™G
kaBvotépnong etvar duvatov va aAAdEel Kot 1) apytkn T g ££000v.

Variable Transport Delay: To ovykekpiuévo block ekteiei axpipdg v idwa
Aertovpyia pe TO TOPOTAVEO PE TNV dopopd OTL £0M 1 KOBLGTEPNGN TOL CNUATOC
otvetan amd ewtepikny myn. Eivor dvvatov n kabBvotépnon avty va meproptotet
opifovtag éva dvm opro (Maximum delay).

Zero — Pole: Mg yprion avtod tov block opileton  cvvaptnon petagopds, 0nmg Kot
oto Transfer Function, 6pmg dtapépetl oto 0Tt dev opilovtal Ta TOAVGOVLLLA, GAAG O
pilec Tovg. XNV évoelln Zeros giodyovion ot pileg Tov aplBunt eved oty £voeiEn
Poles giodyovta ot pilec tov mapovopaot). Av yia tapadetypo ot piCeg eivat ot 1 kot
5 avtég ewodyovtar og to dwavuopa [1 5]. Emiong elvanr epktd va opiotel xor
evioyvon pe v évoelén Gain. [4]

1.3.5 BiyprroOikn Math Operators

Eumepiéyer peyaho opbpd omd blocks pe didgopeg pabnuotikés ocuvopthioslc.
[Mapaxdto mapovoidlovion pepikés amd ovtés: [4]

Gain: To block awtd Tolamlacialel To onpa 16600V e pio otabepd n omoia eivat
dvvotdv va petafindel amd To menu pvbuicewv.
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Slider Gain: Mg mapdpolo Aoy Onm¢ mopamdvem oALG pe thv dagopd O

Kavovtag dutho click oto menu pe tig pvOuiceic epeaviletor ypapupun KOAMoNG He v

Tl A1 p

Slider

omoio umopel va aALAEEL I TN TNG EVIoYLONG KATA TNV S1EPKELD TNG TPOGOUOIWONG,. Gain

Sum: To &&nc block aBpoilet To onjuato e10660v. Amd 0 Menu pvBuicemv pmopsi @
va kaBopiotel To TPAoN O £16000V ToL KABe onuatog. Enitmpocheta, eivar duvat n

aAlayn oto oynuo tov ovykekpipuévov block. Av emileyei 1o rectangular otmv
neployn pe titho icon shape, o abpoiotig petatpénetar o€ opboymvio. Otov Tta §¢

onpata 16050V eivat TOALG ypnoomoteital GuVHO®G AV N LOPPT.

Trigonometric Function: H é£006¢ tov &lvar 1 TPIYOVOUETPIKY GLVAPTNGN TNG
€10600v TOov. XTOo Menu puvBpicewv pmopel va kabopiotel 1O €1d0g NG ,

TPIYOVOUETPIKNG ovvaptnong (Sin, cos, tan kA.m.). Axdun eivor dvvatd va

Trigonormetric

kabopiotel av 1 £€£000¢ Ba glvan mpaypatikn, Hyadikn, N av Oa emALyetal avTOpOTo  Funetion

avaAoya pe TV TEPITTOON).

1.3.6 BipiroOikn Sinks

Amotedeitor amd ototyeio €voelEng kol petpnoemv, oniadn mapovcsialovy Ta

ATOTEAEGUOTO, TG TTPOCOOimoNg otov xpnoth. Ta o onpovikd ivar ta eéng: [4]

Display: Epgavilet v tiun tov 6qpatog oty €i60d0 tov. 10 Menu 1810t|temv
ol Mo onuavtikég pubuicelg mov emtpénovion givan or €€ng: Xtov yopo Format
emAEYETOL O TPOTOC TAPOVGINGNG TOV GNUATOS. XTov Y®Mpo Decimation emidéyston
N ovyvotnta TG detypatolnyioc. Av mapapeivelt otnv T 1, tote 0 block Ba
TOPOVCIALEL TNV TN TOL GNLOTOG £10000V o€ kéBe 1 Prina g emilvong, av tebel
n T S kéOe 5 Prjnota K.0.K

Scope: Eppavilel 1o ofjpa tng 160000 6€ GLVAPTNON UE TO XPOVO. AgV «avoiyewy
avtopata pe v Evapén g mpocopoinong. [pénet va yivel dimho click navm tov.
21 Tepinton mov o ypNotng embupel vo TopakolovdceL To e £160d0V 0TV
avTO OMUIOVPYEITOL GTNV OBPKELN TN TPOGOUOIMONG, TOTE OvoiyeL TO SCOPe mptv
mv évapén G Kol e ovTOV TOV TPOTO pmopel vo mopakoilovbncel nv
CLUTEPLPOPE. TOV cLoTNUOTOS Tov eEetdletal o€ mpaypatikd ypovo. Edav o
xpNotng embopet va del amAdg To YpAENUO TOTE OvOiyoel TO SCOPE HETd TNV
O0AOKANP®OGT TNG TPOGOUOIMOT|G.

I

Digplay

Scope
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To scope eivatl to oNUAVTIKOTEPO PECO OMEIKOVIONG EVOG GNLATOC, Y10 TO AOYO OVTO
Ba avarivBet d1e£001KOTEPO TOPOKATO:

Amd v otiyun mov Ba yivel mvo tov duho click, avoiyel to e&ng mapabupo:

FET Y CEICEE.

-0

Zynuo 1.4: TloApoypdpog

Kavovrtag apiotepd click 6to minktpo yivetar Z0om cg mepLoyN TOL YPOPNLOTOG TOL
emléyetatl. Me aprotepd click ota minktpa 2 on 2 yiveTon Zoom otovg GEoves X

Ko Y avtiotoro. Me to TANKTpo ¢h yivetar autoscale otovg dEoveg 00TmMG MOTE VoL
TPOGPUOGTOVV GTO YPAONLLAL.

[Mopatnpeitor 610 KATO uépog aplotepd o 0pog Time offset. TIpdkerton
YL TNV YPOVIKY] CTIYUN TG TPOGOUOIWGNGY OTToi0 AVTIGTOLEL GTO UNOEV TOL
dEova tov X. Eqv ektedeotel yio mapdostypa pia mpocopoioon yu 50 sec, kot to
odypappo epeaviCel povo ta televtaia 5 Sec, o a&ovag tov ypovov Ba Eexva and to
undév kar o 6pog Time offset Oa eivon 45 sec. Zvvenmdg, otV avtiotoiyion WAG
YPOVIKNG OTLYUNG OTO OAypOUpO LE pio ¥POVIKT GTIYUY| TNG TPOGOUOimoNng T0 HOVO
TOL TIPEMEL VoL Yivel elvon va tpootedei o dpog Time offset.

Me click oto mAfktpo avoiyel To menu tov pvbuicewmv tov scope. Ot kbpieg puOuicelg
7oV gival duvaTOV va Yivouv apopovv tov apldud tev afdvev y (Number of axes),
Kot To €0pog ypovov (time range). Edv oto tehevtaio apebei  emhoyn auto, to vpog
xpovov kabopiletor avtopata amd to simulink. [4]

To file: Me 1o block avto, petapépetat éva onpa and to apyeio Simulink ce éva o sed mat

apyeio tov Matlab ywo mapamdve emelepyocio kar ypion. Ltig 1010mTES givan Eo
umopel vo. opiotel to O6vopo tov Opyeiov, Kot TG MHETAPANTNG otV omoia
amobnkeveTal To onpa e166d0v Tov block awtov.
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To workspace: Me 1o ovykekpipévo block to onua otédvetar amd to Simulink
ooV Ydpo epyaciag Tov Matlab. Zto mapdbvpo pvOuicewv opiletar n ovouacio simout
™G HETOPANTNG OWG EMIONG Kot O HEYIOTOC APIOUOC apOUNTIK®OV OEQOUEVMV O To Workspace
QVTNV.

1.3.7 Bipio0nkn Sources

Amoteleiton  amd blocks ta omoia mapdyovv dideopa onuata. Tlopoakdtom
TOPOVGIALOVTOL TOL TTLO GNLOVTIKAL:

Clock: Qg é£0do mapdyet Tov ypdvo g mpocopoinons. Xto mapdbvpo pvOuicemv

elvar duvatd va emheyel av KOTA TNV OAPKEWL TNG TPOGOUOIMONG O YPOVOS B0 clack
napovotaletar mdve oto block ommg emiong kot va puOuiotel 1 cuyvotnta mov Oa
avapadpuiletar o xpovog.

Constant: Anpovpyel éva 6tafepd onua, n T Tov onoiov opiletar amd To menu L
pvOuicewv. Constant

Ramp: To &g block mapdyel onjua mov éxel tnv popen paurac. Eivar otabepd kot
petd amd éva onueio yiveror ypoppkd. Xto menu tov pvbuicemv pmopel va yivet _//
EMAOYY] TNG YXPOVIKNG OTIYUNG TG HETAPAONG 0O TO 6TaOEPO GTO YPAUUIKO OO,  Ramp
g TYWNGS ToL 6Tafepod GNUATOG, KOt 1] KAIGT TOL Ypoppkod GULOTOG.

Signal Generator: Me to block avtd pmopovv va dnpovpynbodv onpote  pss
OPOp®V €10MV. 10 TapdBvpo pvbuicewv vdpyel N SOLVATOTNTA EMAOYNG UETOED e
n uttovo&éoﬁgr, nptqthoi) Kol w’xaion on patog. Eivar emiong dvvatdv vo  Sama
TPOGUPUOCTEL TO TAATOG Kot 1 GUYVOTNTO TOL GTLTOC.

Sine wave: Topdyst nutovoedéc ofjpa. Xto mapddupo pvduicewv pmopei va [ L
TPOCAPUOCTEL TO TAATOC, 1 GLYVOTNTO, | PACT Kol O GTAOEPOG OPOG GTOV OMOI0  gjna e
TPOoTiBETAL TO NUTOVOELDEG OO

Step: Anuovpyet éva Puna. Xto mapdbvpo pvbuicemv mpocapudletor n ypoOvIKN) j>
oTyun otnv omoia Ba yivel To Prpa, KaOOS EXIONG N OPYIKN KOL 1] TEALKN TIUN.

[4]

Step
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1.3.8 Xp1jon Tov ctoyciov Tov fifiodnkov tov simulink

Onwc avapépbnke, yio vo, tomobetndei éva ototyeio block og éva apyegio tov simulink
apkel va ovpbei amd 1o mapdbvpo Simulink Library Browser oto apyeio. o va
avoitet to mapdbvpo twv puOuicemv evog block epdoov €xel tonrobetnbei 610 apyeio,
npémnel va yiver omhd click médve tov. T ™ ovdvdeon dvo block peta&d tovg
VILAPYOLVY dVO TPOMOL. LTOV TPMTO, O YPNOTNG CVPEL £XOVING TATNUEVO TO OPLOTEPD
TAKTPO TOL MOUSe 1o Péhog mov Eekvd amd to éva block uéypt v vmodoyn tov
dArov. O devtepog TpoOmoceival  va kavel aplotepd click oto éva ko kpatdvTag
natnuévo to ctrl va kavel click oto devtepo. [4]

AN EN N .

Sine Wave Scopa
Sine Wawe Soope

Zynuo 1.5: Tovdeon peta&d 6vo Block

Tnv otiyun mov ta otoyeion Exovv cuvdebel, ylo var Aeltovpyncel 1 TPocopoinon
npénel va yivel aplotepo click oto mAnktpo . ' va duakomel Tposwpiva (pause)

N optotikd (Stop) n mpocopoimor vdpyovVY TO TANKTPO. JU| Ko avticTouya.

[lpiv teBel oe Aettovpyion pia mpocopoiwon eivor amoapaitntn m pvduon TV
napopétpov me. o va emrevybel avtod, oto apyeio mov dnuovpynnke o ypHoTng
kavel apiotepd click oty emhoyn simulation oty ypoppuq menu nave apiotepd. Xto
menu mov eppaviCetar emdéyer Simulation Parameters. Xto mopdbvpo mov Oa avoi&et
umopel va yiver évog peydrog aptBpdg pvbuicemv, ot oNUAVTIKOTEPES EK TV OTOIMV
elvar o1 akdAoVOEG:

Start time / Stop time: I'ivetor emAoyn g ¥POVIKAG oTiyuns vapéng kot ANENG g
TPOGOUOIWONG,.

Solver options: EmAéyetar av ot dwpopikés e€icmoelg Oo emivBodv pe pébodo
otabepov 1 petafintov Pruatog (Variable-step, Fixed-step)
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Max / Min / Initial Step size: Otav yivetar yprion petafintod Pruatog pmopei va
TPOGOUPUOCTEL TO HEYIOTO, TO €AAYIOTO Kol TO apylkd Prjpo. Ztnv mepintmon mov
emleyel To auto, n Ty tov Prpartog kabopileror and To Matlab.

Relative / Absolute Tolerance: Emtpénet vo puOpuotei ) oyetikn Kot 1 omdAuTn avoyn
010 6QaApa. [4]

Keodrorwo 2: 'Eieyyoc Hvevpotikod Xvetquotoc Ms Xpion PID Eleyktiy

2.1 To padntkoé povréro tov Mvevpotikod XvoTpatog

210 oyfua mov axolovBel mapovsialetar 1 pabnUaTIK) TPOCEYYlon €vOg TLTLKOD
TVELUOTIKOV GUOTAHOTOC. ATtoteAeitan amd Evay KOAVIPO SMANG EVEPYELNG e ATAO
Baktpo, po ParPidoa eréyyov watevBvvong 5/3, acOnmpeg Béong ko mieomg,
COANVOOELS, kKobBmg Kou €va eEmtepikd @optio. To ocvykekpyévo mopdaderypo
TVELULATIKOV GLGTILATOGC, £lval €val pun Ypoppkd 63ng Taéne. [5]

. <—\I—: Position'scnsor

| & '

Cylinder

3
PV Al [PV .\L| My, A || =2
| { Jots { ) | 7L Rty LI Erap)y 4°5F F
T M, |-

THE p#%u
L =4

P,

l)

Qﬂ—_:)/ A ——
Exhaust Exhaust

|’_\S T Supply

Zymua 2.1: Mopoen| Tlvevpatikov Zuotipatog

H e&lowon kivnong exepdleton g e&nc:
(M, +Mp)-2+B % +F +F, =P1-AL-P2- A2~ P, - A,

Omov ML elvar n e€otepikn pata tov poptiov, Mp gtvar n pala Tov gpPfodrov kot Tov
Baxtpov, X eivar n Béon tov gupodrov, B eivar o cuvieheotng tping, Ff eivon n
dvvapun tping, FL eivar n e€mtepikn dvvaun, P1 xar P2 givor or amdivteg miéoelg
aépa otoug Haddpovg Tov KuAivépov, Pa gival ) mieon tov mepiPdirovtog, Al ko A2
elvar ot gvepyéc empdveleg tov guforiov ko n Ar givor 1 gykdpota Slotopn Tov
Baxtpov. H e&iomon mov meprypdpel tnv addayn tng mieong otovg 600 BaAdpovg Tov
KLALVOpOL givor 1 €ENG:
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; RT . . PA; . .
P; = 1 (ainmin = aoutmout) —a 1 X, i=12
V0i+Ai (ELi'X) V0i+Ai (ELiX)

H nieon tov kvAivopov cupfoirileton pe P, R givon n davikn otabepd tov aepiomv, L
elvar 1 dradpopn Tov epPorov, Voi givat o adpavig 6ykog oty £(6000 TV d10d®V TOV
gvepyomomrtn, T &ivan n Bepuoxpacio, Min Kot Mout €ivar ot poég g ualag tov aépa
ov gwoépyovior Ko e&épyovtar amd tov Odlapo, Ai eivar n evepyn empdvelo. Tov
euPorov, kot X eivar n Béon tov guPodrov. Ot otabepéc ain Kot aout TG e&lcmONG
pumopovv va wapovv TiéS and 1 €og K, avdAoyo pe v TPOyUOTIKY] LETOPOPE.
Beppomrag oty ddpketa g dradikaciog. To povtédo g pong g nalog péca amod
v omn ¢ ParPidag, Tpémel va onuelmbel 6Tt 1 TTOON TEON G KATA WNKOG TNG OTNG
g ParPidag eivor peyddn, yoo avtd Kot n porn mpémel vo avtipetonileTat. Xtnv
TEPIMTOON OV 1 OVOSIKN TTPOG TNV KABOIIKN TN TG TiEoNG, Eivar LeyoldTepT oo
pee kpiown tipn Per , 10te M pon g palog e€aptdron ypoppkd omd v ovodtkn
mieon. Xe avtibetn mepintmon, n pon g palag e£optdTor Un YPOUIKG Kot omd Tig
dvo miéoeic. [6],[71,[8]

H g&icmon ywo v pon g palos péca and v om g PorPidas ivor n e€ng:

P P,

C.A.C12 av — <P
fu \/T Pu cr
m, = 1 (k-1)
ca.c2 (P")E 1 (P") 9 p
T \E, P, T

H pon g pélog péca amd v onr| g ParPidag coppforiletor pe Mu, 1 emPaveln TG
omn¢ pe Au, Ct elvan o ocvvtedeotng mapoyng, Pu kot Pd elvar 1 Tiun g avodikng kot
¢ kaBodwmng mieomng avrictoyya. Télog C1 kot C2 givar o1 otabepéc evog dedopuéEVoL
PEVGTOV, TTOL GTNV CLYKEKPIUEVT TEPITTMOOT Elval 0 0€PaS, LE TIG EENG EEICMOELS:

k+1

k
- k(z)mcz_ 2k P_(z )m
T NR\k+1 T IRk-1) T \k+1

Omov k=1.4 ko1 givar | otabepd g TIUNAG TOL aépal
2.1.1 Ileprypaon

Ot ovpPatikol Tvevpotikoi ovtopaticpoi (Pneumatics) ypnoipomrotohv cuvnbwg aépa
péong mieong, e€vd ot mvevpatikoi ovtopoticpol yopnAng mieong (Fluidics),
ypnowonoovy  aépa  mieong pkpdtepne towv 1.5 At To oamotélecpa  TOLG
onuovpyeitar omd pia dSvvopikny oxéon mécewv. O mEMECUEVOS 0EPOS TAPAYETOL
otovg agpoovumieotég (Compressors), Kot HECH COAVOYPOUU®V 1 Kot O1KTOOV
TOPEPYETOL GTO GUGTNLO AVTOUOTIGHLOVD.
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Ta mo onuoviikd otoryeio Yoo v odvOeon &vOg TVELUATIKOD OVTOUOTIGHOV
KOTOTACOVTOL OTIG TOPUKATM OULAOES:

o BoABidwv onpotog mapoyng aépa (Signal).

o Tapoyng kot emeEepyaciog memecpévou aépa (Power Unit).
o Kevrpikav BarBidmv eAéyyov katevBuvong (Control Valve).
o BoABidwv eneéepyaciog onpartog (Processing).

o EpPérov aépog, to omoia mapéyovv kot tnv tEMKN popen kivnong (Drive
Control).

Ta otoyeion TOL OVTORATICUOD GULVOEOVTIOL GE AELTOLPYIKO GUVOAQ, KOOMDS Kot
aneikoviCovtarl og €0k dypappata, Tov ovopdlovion [vevpatikd Awoypdppato.
2e éva OLGTNUO TVELUOATIKOL OLTOUOTIGUOV, T YEVIKN porn Tov okoiovbeitan
TOPOVGIALETAL GTO TOPOKAT® GYT|LLOL.

"Eppoi BaApio 1 BaABio "Eppoi
upolo arpida | Emsiepyosio ulpida ppodo
Aépa XNpaTog EAéyyov Aépa

Zympa 2.2: Aoywo Awdypappa evog Ivevpatikod Zuotipatog

H moapoyn kor m eme€epyocic tov memiespévov oépo Bewpovdvior oToryeio Tov
AVTOMOTIGHOV, KAODS Yo kibe TVELPATIKO KOKA®UO TponYeital (o TPOTapacKELY|
TOV TOPEYOUEVOL ATO TO GUUTIEGTH ALEPO, OVTMOS MOTE ALTOG VoL Elval KaTtdAANAog amd
mhevpdg mieong, Aimavong kabdg Kot kabopdmrag, Yo T 6mOTH Asttovpyio TV
VTOAOW®V GTOYEI®V TOL cLoTHHOTOS. AVt M enelepyacio pmopel va LLAPYEL Ko
peta&d g PorPidag eErEyyov katevBuvong kot Tov epPorov.

Ot o oNUavVTIKES 0pYES GLYKPOTNONG TOV TVEVUATIKOV GCLGTNUATOV £ivar ot €&Ng:

o 'Eva amoapoitnto Koppdtl, €KT0C amd TNV TOpOoYT TOV TEMEGUEVOL 0EPA, EIvoL
t0 £uPoro aépog.

o Amapaitmrog ocvvoddc Tov guPfodrov aépog, eivor M ParPida  eléyyov
katebBvvong tov gufodiov, 6mov M TOTOBETNON TNG TPOYUATOTOLEITAL OTN
HKpoOTEPN EMTPENOUEV 0mdoTOoT Amd TO EUPOAO.

o Tw vo mpaypotomomBel mn evepyomoinon g PoarPidag eAéyyov evdg
euPorov,ypetaletar éva ofjua N ko onpato. Ta onpata avtd Tapéyoviat and
TIc ParPideg onuarog, Tic ParPidec évapéng, kabog wor Tic PoaArPideg
TEPUOTIGLLOVD.
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o Meta&d tov guPdrov ko g ParPidag eAEyyov VTAPYOLY Ol PLOUICTIKEG
BaAPioec.

o Olo 100 mopamive €EOPTAUOTO  CLVOEOVIOL LE OCOANVES UETOPOPAS
TEMEGUEVOL OLEPOL.

o O oyedlacUidc TOV CTOYXEIMY TOV AVTOUOTIGHOV YIVETOL TAVTH GE KOTAGTOO
npepiag, TP TV EVapEn ToV KOKAOL KIVIICEWV.

Ye mepintwon mov dwbétovv meplocdtepo amd  Eva EuPora, kdbe Eppolro
akolovbeitar amd ™ PorPida eAEyyov mov TOL avtioTolkEl, Kot omd TIC ParPideg
onpotog kot enegepyacioc, €161 MGTE TO GUVOAO TOV CGVTOUATIGLOV VO ATOTEAEITON
aO VTOGVVOAL OWTOUATIGHOD TOV €vOG UPoiov, mov Ba elvar cuvdedepéva peta&d
TOVG.

["a Tov €QOdCUO TV TVEVUATIKAOV GUGTNUATMV UE TEMEGUEVO AEPA T, Tpia. ST
mov Ba mpémel va AneHovv voyn eumEPLEYOLV:

o Tnv mopaywyn Tov aEpa amd TOVG GLUTIEGTEG AEPOL.
o Tnv enelepyacio Tov 0pa, OOTE Vo KATOOGTEL KATAAANAOC.

o Tnv doyétevon tov 0épa PEGH HIOG COANVOYPAUUNG GTO TVELULATIKO
GUGTN LA

O 0épog amd T0 YOPO TOPUY®YNG TOL, APOV VTOGTEL Evav TPMOTO LIOPPAGHO NG
VYPOGIOG, SIOYETEVETAL GTO YDPO EYKATAGTACTC TWV TVELUATIKOV GUGTNUATOV LE o
KOPLOL YPOLUUT LETAPOPELS.

H oyediaon tov kOplov Ypapudy HETAPOPAS TETEGUEVOL AEPa, ATOTEAOVVTOL OTO:

o TomoBémon tov JSWKAAWOCEWV KATAVAA®ONG OtV KOPWL  YPOLLUY|
UETOPOPAEG.

o Kevtpikry ypopun petapopdc, kabmg kot onuovpyio  opllovtimv
SwkAadmoewv o popen “H”.

o Kevtpikry ypapun petapopds “kokAkn”, kobodg kot k@Bodoc TV
SLKAAOMGE®V TTPOG TIG COANVOGELS.

Ot ypappég oprlovtiog LeTapopis Kataokevalovtal e kKAion, dote va vAomondel 1
EMAYMYN TS VYpaociag and To katdtepo onueio [1].

Yrovyeia Kivnong

Ta otoyela kivnong eivar ot KOAVOpPolL, Ol Omoiol TNV TVELUATIKY] 1GYL TOV
TMEMEGUEVOL 0€Pa, G€ eLOVYpOUUN Kivnon Kot amoteAohV TO KUPLO GTOLYEID Yia:
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QOnon.

EAEN.

Evepyomoinon poyAdv.
Metatomion tepayiov.
Aviymon Bapav.

Tpo@oddTNON CLGKEVDOV.

o O O O O O O

Avtopatiopd GAA®V GLGTNUATOV.

H molwvdpopikny xivnon mpaypotomoleiton  xapn otov memecpévo aépa. Ot
TveELUATIKOL KOAMVOpOl amoteAovvior amd €va BdAapo o omolog eumepiéyet, €va
TIOTOVL, GTEYOVOTIKG Y10 ATOPLYN OTOAEIDV 0€pa, o paPdo emevépyelag, 1 onoio
YPNOLOTTOLEITOL VIOl TNV EKTEAEST TNG €VOVYpOLUNG Kivnong kot TEAOG, LTAPYOLY Ol
Bupec elcaymyng katr ot BOpeg eEaywyng tov aépa. Ot Tvevpatikoi KOAVSpor givar
TOAD amAol OTO KOTOOKELAOTIKO TOVG OKEAOG KOU €YOLV LYNAN avioyn o€
VILEPPOPTICELG.

AvOLoyo. He TNV KATOOGKELOOTIKY TOVG OWUOPO®MOT| O0KPIVOVIOL GTIG TOPUKATM
Kot yopieg:

Kolvopor Aming Evepyeiog

2T0VG GLYKEKPIUEVOLS KVAIVOPOVGS, O TEMECUEVOS AP EPaPUOleTaL LOVO TPOS TN
pio hevpd Tov UPOAOV KOt VTO EYEL GOV AMOTELEGLOL VO, TOPAYETOL £PYO LLOVO TTPOG
™ pia xotevBovon. H €€odog 1 n eloodog tov d&ova yiveton pe tv Ponbeia tov
nemecpévov aépa. H avtiBetn dwdpoun mPoyLOTOTOEITOL HE EVOOUATOUEVO
ehatnpro M pe eEmtepkn dvvaun. H dvvoun tov ghatnpiov éxer cuvnbog emheyel
wote 10 EUPoA0 va emavEpyeTol oTN BE0TM EKKIVIICEMG WE KATOWL OPKETE LYNAN
TayvTNTO.

Zyuoa 2.3: KoAvopog amdng evépyelag ympic ELATAPLO ETOVAPOPAS

Vé#ﬂ# Vi=—
| I
Zymua 2.4: KOAvdpog amAng eVEPYELNG e EAATIPIO ETAVOPOPAS

210V KUAIVOPOLS amANG EVEPYELNG LLE EAATIPLO ETAVOPOPAS 1) OLLOPOUT TOL EUPOAOV
pog Ta £E® (1) mpaypatomoleiton pe tn Pondela mEMESUEVOL aEPD, TOV EIGEPYETAL
amd T povadikn tovg oiodo. H xivmon tov gufodrov €xel cav amotéAecpa TN
ovumieon tov glatnpiov. Otav o memesuévog aépag exktovobel Kol 1 Aoknon g
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mieong otapatnosl, T0Te A0y Tov glatnpiov, to £uPoro yupilel oV apykn Tov
0éon. To Pdaktpo, €xel omeipopo yio va cuvoéeton pe kamolo e€dptnua, to omoio
elvarl amopaitnto yoo v ¥pnodTa T0v euforov. Ta koAvupate Tov GOARVL
mopapEvouy otabepd mpocappocpéva. Emmnpocheta, 1o pmpootivo kdlvppo otabétet
dvorypa pe 0dmyo Kot ELaotikd mapéppoucpa yio tn dtédevon tov Baktpov. To motdvt
€lvol EPOSLUGHEVO LE GTEYOVOTTONTIKO OOKTUALO Y10l T GLYKPATNON TOL METEGUEVOD
aépa 010 0dAapo mieong. Q6TOGO, 0 ATHOCPUIPIKOG OEPOG TTOV VIAPYEL TNV GAAN
TAgVPA TOL gUPOLOL pmopel va eEEpyeTan Ko va elépyetor EAevBepa. H dOvaun mov
ackel To €UPOAO 1GOVTOL pe TNV TOpayOuevn SOVOUN OTO TOV TEMECUEVO AEPA,
APAPOVTOS TN OUVOLN TOL OOKEITOL amd TO EAATHPLO. ZVVENMS, 1 TEMKN oxéon Oa
etvat:

F=(P1-P2)-A—F,

Omov A elvar 1 emodvela Tov gpforov, P1 givar n amdivtn mieon aépa, P2 eivor
ATUOGPALPIKN Tieom aépa, Kot Fa gtvar n dHvaun ehatnpiov.

Kolvopor Auring Evépyerag

Ot kOMvopol dumAng evépyelog, Oéxovtol dvvaun mov Tovg ££00KEL 0 TEMEGUEVOG
aépag, 0 omoiog Kivel To EUPoAo Kot Tpog TIg dVo Katevdivoelg Kivnong. Ot kOAIVIpoL
aVTOl YPNOYLOTOLOVVIOL GE TEPIMTAOGELS OTOL TO EUPOAO TTPEMEL VO EKTEAEL £pYyo OYL
poévo katd Ty €KTaom oAAG Kol Katd T cOURTLEN Tov Bdktpov. To pnkog g
dwdpoung etvor Bewpntikd amepldpioto, mpémel OUmG v VILApPYEL TPOPAEYT Yo TV
Katamovnon tov Paktpov o€ Ayiopd kot kbpyn. Ot KOAVIpOL SIANG evEPYELNg
yopiloviar o KVAIVOpovS SMANG evépyelag pe omAd Paktpo, pe Owhd Paxtpo,
TAEoKOMIKOVS, KaBmG Kat pe o1dracn empPpdovvong.

5

r bl

l

Zynua 2.5: Kolvdpog pe amho Baxtpo

I I
Zympo 2.6: KOAwdpog pe OimAo Paktpo

=
S

Yyua 2.7: TnAeokomkog KOAVOPOG
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—FJ ' |
1 I
o 2.8: Kdawdpog pe emPpadvvon

Ot KOAvOpoL SUTANG EVEPYELOG €YOVV TOAD LEYOAVTEPN XPNOT OE GLYKPLION UE TNG
OTTANG EVEPYELOG, Y10TL GTOVE KLAIVOPOLG SUTANG evEPYELNG, TOGO 1 dtadpoun €60V
(+) 600 ka1 M Swdpoun EMOTPOENS TOV PAKTPOL (-), TPAYLOTOTOLOVVTOL WE TN
Bonbel TOL TWEmESUEVOL afpa. XNV Zynuo wov axoAlovbel mapovoialeTor M
E0MTEPIKN TOUN EVOG KUAIVOPOL dTANG evépyelag pe amAd Paxtpo.

BAKTPO
EIZATOTH  [ApEMBYEMA EIZATOrH

AEPA EMBOAOY AEPA ITAPEMBYZMA

OAHI'OY

EEETPO

=6 ‘ EMITPOZ
KEDAAAPT EMBOAO KYAINAPOZ KEDAAAPI

Zynua 2.9: Ecwtepikd KoAivopov SmAng evépyetag pe amkod Paxtpo

2T0VG KLAIVOPOLG SITANG EVEPYELNG, O1 KOPLEG OLOGTACELS £ivor 1 SIAUETPOS TOVS KOt 1)
dwdpoun Tovg. O VIOAOYIGHOG NG OAUETPOL YivETOl OTWG KO GTOLG KLAIVOPOLG
OTTANG EVEPYELOG TTOV TTEPLYPAPNKOAY TPONYOVUEVMG, YMPIG VO VTAPYEL I SVVOLTN TOV
ehatmplov. H oyéon vmoroyiopov sivor 1 €€ng:

F=(P1-P2)-A

Kvplo mieovéktua tov KOAVOp®V SIMANG eVEPYELNS EVAVTL TOV KLAIVOP®V OTANG
evépyelog eivarl ot peyoddtepeg O100pOUES, Ol OTTOIEG EMAEYOVTOL OCTE VUL KAADTTOUV
TNV amOCTOCN TNG LETAPEPOUEVNG OVVOUNC.
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Ot mepropiopot opeilovtal 6tovg €ENG AOYOVG:

O

©)

2 duvatdTTa TOPUYOYNS COAVOV, BAKTP®V Kol COIKTAP®V, HE UEYIGTO
unkog 3 m.

2 oyéon UETaED UNKOVG Kol SIOUETPOL TOV PBAKTPOL £VOC KLAIVOPOL, MOTE
Katd T Aetovpyia va unv vmadpyovv mpoPfAnuota avtoyng (my. Adyw
Ayiopov).

Ta Kow®dg YpNOYLOTOIOVUEVE KOTAGKEVOGTIKA VAIKE Yo To HEPT TOV KLAIVOpmV
ourAng evépyelag mepAapfavouv:

o

o

KvAwdpiko ZoAnva, o onoiog Katackevaletat and yaAvpa.

Bdaktpo, 10 onoio katackevaletar and avoleidmto N entypoi@puévo yoAvPa.
Komdkia kot éppoia, ta onoia kotaskevdloviot omd adovpivio 1 ydAvpa.
ZQIKTNPES, 01 0moiol KaTaoKeLAlovTol amd YaAvPa.

Odnyot, o1 omoiot kataokeLAlovToL amd Opeiyorko e AvTITPIPIKES 1OOTNTEG.

Kviwvopor Evvikov E@appoyov

E1d1kd¢ kdAMvopog Bempeitar o kOAvdpog Tandem, otov omoio cuvevdvovtat dvo
Eexmplotol KOAVOPOL TEMEGUEVOL aépa SMANG evepyeiog o€ £va GANVA KUAIVOpOL GE
oelpd Kot e avTd ToV TPOTO 01 JLO TaLPayOLEVES duvapels afpoilovtan ko dimhactaleTon
N dHvaun Tov gpPorov. ZTovg £181K0VG KVAIVEPOLS TepAapPavovTan Kot ot €ENG
KOAvSpoL:

O
(@]
@)

O ePLoTPOPIKOHG KOUAVIPOC.
O KOAVOPOGg TOALATA®V BEcEmV.
O KOAWVOPOG KPOVONC.

Yymua 2.10: Ecmtepiko kolivopov dimAng evépyelag Tandem
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Yrovygeia EAéyyov

Ta otoyeld eEAEyyov eivar ot BaAPideg, omoieg eivar cuokevég ot omoieg fonbovv v
pOOon g ekkivnong N g otdong Tov euPorov, kabmg kol otov kabopiopd g
devbuvong pong tov memeopuévou oépa. O cvpPoiicpdc tov  ParPidmv yivetor pe
TETPAYOVIOLOL:

1. BaAPida ovo Bécemv

Yyquo 2.11: BaABida dvo Bécemv.

2. BoABida tpidv Bécemv.

Zynua 2.12: BoABida tprov Oécemv

Méca ota teTpay@vidla VTAPYoLVY YPUUUES Kot BEAN oL yopakTnpilovy TV por TOv
aépa o€ Kabe katdoToon:
1. Pon aépa

ympa 2.13: Pon aépa

-

ymua 2.14: Aroxomn

2. Awoxomn pong aépa

E€m and ta tetpaymvidio vtapyovy ypappés mov opilovv tig mopteg ¢ farPidag:

1. BaAPida pe tpeig mépteg epyaciog, 600 pong Kot pio EKTOVOONG

Zymua 2.15: BaABida pe tpeig mopTeg

2. BoABida pe mévte mopteg epyaciog, TPES pong Kot 000 EKTOVOONG
| |

|
Zympo 2.16: BoABida pe mévte mopteg
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210 TETPOY®VISL0 Tov PBpickovion ot Ypoppég ival cuviBmg Kot 1) KATAGTAoT NPEUiog
g ParPidag. Avdioya pe tov aplBud tov dvvatov Bécemv, Kabmg Kot Tov aptipud
amo TIg TOPTEC, 01 ParPideg yopaxtnpilovion amd Eva KAAGLLA.

Ot BaABidec avaroya pe TV Aeltovpyio TOVG KATATAGCOVTOL OTIC £ENG KATNYOPIES:
BoaApidec EAéyyov KatevOvvong

Ot ovykekpéveg ParPidoeg amoteAodV PUNYOVIGHOVS S10YETEVONG TEMEGUEVOL AEPAL
KoL YPNOUYLOTOL0VVTAL Y10 TOV EAEYXO TNG KatevBuvong g pong Tov TPog Kol omd To
éuPolo, kabBmg Kot yio v £€£000 Kot TNV EMGTPOPN TOV PAKTPOUL.

H S1adpoun €£660v 100 BdrTpov cg évav KOAVOPO SANG evépyelas, KaBdg Kot 1
dwdpoun €660V avtod, TPEmel vo. mpaypoatomombovv pe 1 Ponbei TOL
nemespévov oépa. Otav o memeosuévog aépag eloépyetarl amd v 61080 GTov éval
Bddopo Tov KVAIVOPOL, TPETEL TOLTOYPOVO VO TPOYLLATOTOLELTAL 1 OPOIPEST] TOL BEPQL
amd tov dAlov Bdiapo. H PBaAPida eréyyov katebBuvong, mov exteAel avtn
dwdkacio ovopdaletor PBaAPida mévie dOdwV kol VO Bécemv Kol yo cuvtopio
yopaktnpileton kKot cov BarPida 5/2.

4N B 2 A

-
A% L
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anm
P

125 X ——
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|ﬁ
5N S
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1
Zynuo 2.17: BaABida 5/2

Ot diodot g BarPidag yapaktnpilovrar pe aptBuovg 1 Ko pe ypdpporta. Xtnv 61000
1 1 P ovvdéeton m mapoyn memecpévov aépa kol oTig dvdovg 2 | A koaw 4 1 B
TPOYLLOTOTOLOVVTOL 01 GLVOESELS Le TO EUPoro aépa. Ot diodor 3 1 R ko 51 S pévoov
erebBepeg v v €E000 TOL TEMESUEVOL 0épa Tov Baddpov g Parfidag. Ot
apBuoi oty BarPida ypdoovion mhvia otn B€on mov Ba vdpyel 1 cHVOEST UE TOV
KOAWVOpo. Ot Béoelg g ParPidag yapaktnpilovron pe Tovg apBpovg 12 1 X kon 14 1
Z, 6mov to 12 yapakmpiler  8€on g ParPidag, Omov n wapoyn 1 cvvoéetan pe to 2
Ko 1o 14 yapaxtnpilel T Béon cvvdeong tov 1 pe 1o 4.

O 5/2 BarPideg drakpivoviol GTIG TAPAKATO KOTNYOPIES:

o BoABideg pe mopapévovoeg Béoelc.
o BoaAPideg drapopikng mieong.
o BoaAPideg pe ehatnplo emovopopaig.
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Ot Tpetg KOPLotL THTOL UNYOVICU®V EvEPYOTOINoNG TV Parfidwv dtakpivovtol oe:

o Ilvevpotikov orparog.
o Hl\extpikov onuartoc.

o Mnyoavikov orjpatog.

€ KOTaoKELAOTIKO eminedo, o1 Parfideg 5/2 draxpivovion oTic ENG KaTNYOopies:

o BoaABideg epporov.
o BaAPideg pe dioko.
o BoaAPideg pe éopec.

O1 BarPideg eréyyxov katevBuvong 5/3 €xovv Tov id10 unyavicpd Asttovpyiog Onwg ot
BarPidec eléyyov katehBuvong 5/2. O Tpoémog evepyomoinong g ParPidag emttpénet
670 €vtOg OVTNG Kvovpevo £UPoro, va Taipvel EKTOG amd T1g 0vo akpaieg BEoelg Kot
poe evotgpeon Béomn. Xy mepintoon mov n evoldpeon Béon g ParPidag eivon
avoyty, M Tapoyy] Tov oépo mov glvar cvvoedepévn oty diodo 1 dlaxomTETAL.
EmumAéov, ot diedevoelg 2-3 kot 4-5 elvar avoytég Kot €16t €vag KOAVOPOG OTANG
EVEPYELOG GLVOEDEUEVOG e TIG O1000VG 2 Kol 4 EKTOVMVEL TOV a€pa KOl TV OLO
Borapwv Tov. Me avty Vv dadikacio To fAkTpo Tov gUPOAOVL OV EAEYYETOL OO
avt] v PoAPida ctopatd kot amedevBepdvetar and eSaoKoVUEVES TEGELS. XTO
TOPOKAT® oYNUe Topovotdletor o ovuPolopudc g ParPidag 5/3 pe evoidueon
avouytn Oéon.
2 4

.

3‘71‘47

yuo 2.18: BaiPida 5/3 pe evordpeon avoryt Béon

5

2V mepintoon mov 1 evoldpect avth Béon ivan kKAeloTn, TOTE 01 dlelevoelg 2-3 Kot
4-5 mopopévouy KAEWOTEG Kol €161 0 MEMECUEVOS aépag YKAPileTar oTOLG dLO
Bardpovg tov mvevpatikod guPorov. To €uPoro €161 1oppomel vId TV emidpaom
TV 000 TMECEMV Kol OTOUATO o€ evoldpeon 0éom pe o oyetkn axpifeio. H
petakivinon tov epPforov givor advvatn kot o PAKTpo Tapapével otadepo.

4 2
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1
pe evoldueon kielot Oéon

W w

Zyuo 2.19: BaABida 5/
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BoApidec Xnpdtov

Ot BoAPideg onuaTOV TAPEXOVY UIKPY) TOGOTNTA TEMEGUEVOD a€PQ KOl ivol oVTEG
oL gvepyomolovy Ti§ ParPidec eréyyov katevBuvvong. Ilpdkettor yioo BarPidec Tpidv
00wV ka1 dVo Bécewv, mov yo cuvtopia yapaktnpilovtar o¢ ParPideg 3/2. Zto
TOPOKATO GYNUO TOPOLGLALETOL O CLUPOMSIOG TOVG.

| 2

Zynpa 2.20: BoABida 3/2
On BadPideg 3/2 yopilovion oe:

o Kovovwd avoryrec.
o Kavovikd kieiotéc.

Ot xavovikd kAewotég etvor ot BarPidec mov oe Kotdotaon npepioc, dniadn xwpig
EVEPYOTOINGT, OV TAPEXOVV GO ALEPOG KOL Ol KOVOVIKA avoryTés givar ot Baifidec
oL Y®PIG EVEPYOTOINOT TAPEXOVY G ALEPOG.

Ot PBaocwol unyavicpoi Asrtovpyioc-gvepyomoinong v cvykekpipévev PoiPidov
dlakpivovrol oto €ENG €10N:

Koppio pe ehatnpro eravapopdc.

Koppio pe mapapévovceg Béceic.
[TodopoyAog

[Teprotpepopevo koppio.

Mepppavn xauniig mieong.

Mnyoviopog poiiep dStmAng katehBovvong.
Mnyoviopog poiiep Lovig katevBuvonc.

O O O O O O O

Amd kataokevaoTikn droyn ot BaArfideg 3/2 yopilovrol o€ :

o Eppoérov.
o Edpawv.
o Mewréc.

BaAPidec AvremoTpoong
Ot BaAPideg avtemotpoens eivol ototyelo TOV EMTPETOVY TN POY| TOV AP TANPWS
KOl e EAAYLOTO EUTOOL0, TTPOG TN Mo Pdvo KOTEVBLVON, EVO TN GTAUATOVV GYEIOV

tedelmg mpog v avtifetn g katevOvvon. H micon omv mhevpd €600V TV
BaABidwv avtov evepyel KOVIPA GTO GTOLYEID OTEYOVOTNTOG KO ETOUEVOC OMOTEAEL
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napdyovta wov Ponbder v emitevén oteyavotnrog ™ ParPidag. Ov ParPideg
OVTIETICTPOPNG Elvan €T AoV EAEYYOL €ite OIMAOV EAEYYOVL.

H BoABida avtemotpopnc amhov eAEyYOV GTOUOTAEL T PON TOL A€PO TPOG TN io
otevbuvon, evd o aépag péel mpog TV avtibetn O1evbvvon pE EAAYLOTN OTMOAELN
nieong. To umlokdpiopa g pong Tov 0po TPog TN pa katedBuvon emttvyydveTal
OLOUEGOL TOV GTOLYEIMV GTEYOVOTNTAG TOV UTOPEL VO, EXOVV LOPON:

Kovov.
Awppdypatog
Zoaipag.
[TAdkag.

O O O O

o —

Yyquo 2.21: BaABida amhov eAEYYOV e EAATNPLO KO XOPIG EAATHPLO

H BoAPida aviemotpoeng amAov eAéyyov xwpig eratiplo amevepyomoleitan pe
dvvaun TOL EMEVEPYEL GTO GTOLYEID GTEYOVOTNTAG OO TOV TEMEGUEVO 0O, EVED GTN
BaAPida aviemoTpoPng HE EAATNPLO, 1| OTEVEPYOTOINGN NG EMTLYYXAVETAL OTAV M
nieon oy ££000 givar peyolvtepn 1| ion and v mieon g 16660v.

H BaAPida avtemotpopng oimAod eAéyyov dtabétel 600 €160d0vg X Kot Y, Kabmg kot
pia €000 A. Otav epappoctel 0 meMESUEVOS aEpag TNV €l60d0 X, T0TE KAgivel i
€loodog Y ko 0 aépag péel and v €icodo X mpog v €£0d0 A. AapopeTiKd, o
aépag pmopel vo péel amd v €i6odo Y mpog v €500 A Kot va glvarl kKAelot) M
gloodog X.

0

XbJ'}Y

Zyua 2.22: BaABida aviemotpoenc

2115 ParPideg aviemotpopng mepthapavovton akopa kot ot eENng ParPides:

H otpayyoiotiky avakovpiotiky] BaAfida ovopdletonr kot BaAfidoa phOpiong tng
tayvtag. H pon tov aépa otpayyorileton povo mpog  pia dievbvvor). Mo forPida
OVTIETIOTPOPNG UTOPEl Kol UTAOKAPEL TN poT| TPog TN Wi d1evbvvon eved o aépag
umopet va péet dtapéocov tng ddragng otpayyoricspov. Ot Barfideg avtod Tov TOTTOL
YPNOLOTOIOVVTOL Y1, TN POOUICT TNG TOYVTNTOG GTOVG TVEVHATIKOVS KLATVOPOLG.

Ot BaAPideg ovo miéoewv €yovv V0 e6ddovg X kot Y ko pio €£odo A. O
TEMECUEVOS 0EPUG pEetl LEGm TG ParPidag povo otav e@approloviot GNHUOTO KOl OTIS
000 €16600vc. AV TO. dVO ONUATO OEV EPOPUOCTOVV TOVTOYPOVO KOl GTIS OVO
€16000VG, TOTE TO MO TOV EQUPUOCTNKE TEAEVTALO TEPVAEL Tpog TV €000 A. Edv
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To. ONUOTA £XOVV OLPOPETIKY TiEoN, €Kelvo pe TN peyoAvtepn T KAeiver )
BaAPioo Kot O1EpyeTOL TO AALO LE TN LUIKPOTEPT TTEST TTPOG TNV €000 A.

BoaApidec EAéyyov [Iiécemg

Ot BarPioeg avtég, elvarl ototyeia mov pmopovv va pubuilovv v mieon tov aépa M
va eAEyyouv to péyebog g mieong Tov aépa Kot Stafétouy Tic €ENG Katnyopies:

1. BaABideg pvOong g mieong

Ot ovykekpyéveg BarPidec ypnoyorotovvion yio T otabepr dwotpnon g mieong.
H ehéyiom mieon g €16000v Bo mpémet va elvar peyadvtepn amd v mieon g
€EO00V.

2. BoABidec mepropiopot g wieong

Ot ovykekpiévee ParPioeg ypnoyomolovvior cav PoAPides aceaieiog Kol HTopovLV
va gumodicovv v mieon o €va mVELHOTIKO cvotnue vo. vrepPel éva péyioto
emtpenopevo 6pro. H ParPida meplopiopov g mieong o mapapeivel avorytq kot
otav n mieon pewbel oe po opopévn T TOTE T0 EVEOUATOUEVO AT plo Ba TV
KAeloet.

3. BaABideg dra00y1kng dpdong

Ot ovykekpéveg PBarPidec pmopovv va tomoBetnBobv ce TvevpaTIKE GLGTIUATO
eléyyov, Otav amouteiton (o oplopéVN Tieor, ®ote va Tpaypatorombel n aAloymn
KATOOTAGEWMV. XTOVG EAEYXOVG QTNG TNG Kot yopiog To onpe pHeTadidetal povo otnv
nepintwon mov €xer emtevybel n amoutovpévn mieon Aettovpyiag. Ov ParPideg
OLd0YIKNG OpACNS AELTOVPYOVV LE TOV {d10 TpOTO, OTTmG o1 BarPideg meplopiopol g
nieonc.

Baveg

Ot Baveg empémovv 1 S1AKOTTOVY TANP®G TN POT| TOL 0P G€ pia Ypoaupn. Ot Baveg
Bewpodvror kot avtég ParPidec oTpayyOAMGHOD Kol YEVIKO 1) AELTOVPYIKN TOLG
aflomotio avédverar 6tav givor Tonobetuéveg am’ vbeiog v GTOVG KVAIVOPOLS
nov wpémetl vo eaeyyBovv [5],[6],[71,[81,[91.[101,[11],[12].

2T0 GLGTNUOTO CVTOULOTOV EAEYYOV YPTCLULOTOLOVVTOL GUVOEGHOAOYIEG EAEYKTAOV Ol
omoiot £xovv 6TOY0 TN PEATIOON TOV YAPOKTNPIOTIKOV TOL GLGTHULOTOC. Me T ¥pron
ELEYKTOV EMTVYYAVOVTOL KOADTEPES EMOOGEIS TOV CLGTNUATOV, ONAAdN YivovTtal 7o
yYpryopa, mo akpipy), mo gvotadn, dev emnpedleton amd Tuxov dotapayés k.AT. H
néBodoc pe v omola o1 EAEYKTEG KOTAPEPVOVY TO OKOTO TOLG Eival 1) 100 y®YN
TOAOV M UNOEVICTMOV 1 KOl T®V VO GTI GLVAPTNGCN UETAPOPAS TOL GLGTILATOG
avolyytov Ppdyyxov, Tov omoiov 1M cvumepleopd ypewdletor PeAtioon. Ymdpyovv
Olapopa €101 EAEYKTAOV TO. OTOI0L GTNV TPOAYUATIKOTNTA OTOTEAOVV GUVOVOGUO TMOV
POV Pacikdv eleyktdv. H mo ypnopomompévn povada eheykt| eivor o eAEYKTNG
v 0pwv (PID) yuwti otn ovsio amotelel cuvdvacud tpudv Pacik®dv ereyktdv. O

38



A.E.I. HETIPAIA TEXNOAOI'TKOY TOMEA

eleyktg PID mepihapfdvel évav avaroykd, Eva dopopikd Kot Vo 0OAOKANPOTIKO
0po. YTApyouv OLmC Kol EAEYKTEG TOV TTEPIEXOLV TOVS OVO OO TOVG TPELS Opovg. [15]

2.1.2 Eion EAeyktodv
Avaroykog (P) eheykTig

O avaroywog eheyktig P (Proportional Control) diver otnv é€0d0 Tov onjua ovéAoyo
TOV GOAALATOC OV dEYeTOL OTNV €i00d0. OvolaoTikd givor o ddraln evioyvong
TOV oNuatog opdipatog pe képdog Kp. H poper tov avoroyikov eheykty P
TopovcldleTal 6To TopoKAT® oynua. [15]

Xs) Efs) Uis) T(s)
Kp —— Ll .

ymua 2.23: Mahok-Awdypappo tov ovoroykol ereykm P

Amd 10 oy yivetan avTIANTT 1| GLVAPTNGT LETAPOPAS TOL EAEYKTN lva:

‘Ft’.s-l = K,u
O avaroywkodg ereyktg P av&avel v taydnTa amdKpIong TOL GUGTHLATOS, HGTOGO
elvar mBavov vo dnpovpyet ceApa LOVIUNG KOTAGTOONS OVOAOYA LLE TOV TOTTO TOV
GUOTNLOTOC, EVO Y10l UNOEVIKO c@AApa Oa £xel Ko undevikn ££000.

1 mepintmon mov to cHOTNUA Eivol 6 cuvaptnon petagopds G(S)= ﬁ

TOTE 1 GLVAPTNOT LETAPOPAS TOV GLUGTHLATOG KAEGTOV Ppdyov pe P eleykt elvan:
KP
els) = S-’}él =Gy, =i
l4_p s+A+K,
s+ A

2VVENMG av To Lot OeyepBel pe onuo 16600V povadiaio PUaTiKY], TO CEAALO
poviung xkatdotaong Oa Bpebet amd 1 oyéon:

: 1 :
+9 s AstAK 4K
Enopévmg 10 cpdApo poviung kotdotoons LEldveTal 060 avEavetal To KEPOOG TOV
AVOAOYIKOD EAEYKTN, OLLOC OTY TPAYUATIKOTNTO eV YiveTan vo avéndel ameplopiota
T0 K€POOC,. I
Av 6pog 10 sVotpa efvol oe cuvaptnon petagopds (., = VI
s +5*A+B
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TOTE 1] GLVAPTIOT LETAPOPAS TOV GLGTHATOG KAELGTOV PBpoyyov pe P eleyktn elvar:

KP X
(' - S_‘f'S*A‘f'B _>(‘\ - P
Teis) = K Te(s) = 2 #*
s +s5*A+B+K
1+ ———-_t—o P
s +5*A+HB

Opoiwg av deyepbel o cvoTUO pe GO €1GO00V povadtlaio PUoTiK) TO CEAALO
poviung katdotaong Oa Ppebel and ™ oyéon:

_1 —hn{s* cm* )=I-lim [g _] ]g
g +s*A+B+1<; B:K,

Apo kol M gpNoM TOL OVOAOYIKOD EAEYKTI] UEUDVEL TO GQAALA OGO avEavetal TO
KEPOOG TOL Kol avEAVETAL Kot 1 QUOIKY cuyvotnta (on=yB + Kp eved yopig tov
gleykT ©n=yB) TOL GUGTAMOTOC KOTL OV TMPOGPEPEL GTO GUGTHUO TOYVTEPN
amOKPIoT. XTO GUOTNUO UE OVOAOYIKO EAEYKTH TO A 1o0obtan A= 2 * { * @n 1010
onAadn pe 1o cvotnuo Yopig eEreykT| Kot Topapével 6tafepd, ®OTOGO AVEAVETAL 1|
(ULGIKN GLYVOTNTA TOV GUOCTHUOTOS EVA UEIDVETOL O GLVTEAECTNG amdcPeong £ Tov
GLUGTNUOTOC KATL OV €Yel oav oamotélecpo v adénon g VrepOY®ONG o1
fnuotikn andkpion tov cvotpotos. Evag avaioyikdc eheyktig P avtidpd dupeca
oV VTopEN GOAALOTOC EMTVUYYAVEL LEI®ON TOL GOAALOTOS UOVIUNG KOTAGTOONG
opumg degv elvarl wkavog va to eEarelyel eviedmdg, KaBdg yio péEylotn Helwon Tov
COAALOTOG XPpedlovTol Un PEAMOTIKEG VYNAES TILEG KEPOOVG, aEAVEL TNV TaXDTNTA
amOKPIoNG TOV GLGTNLOTOG OUWMG SNULOVPYEL GNUAVTIKT DTEPVYMOT KOl TOAOVTMOGELS
ue v avénon tov képdouvg Kp. [15]

Oloxinpotikdg (I) eheyktig

O oloxAnpotikdg gleykmg I (Integral Control) ogeiker v ovopacio tov 610
yeYovog 0Tt divel oty €£000 TOL CNUA AVAAOYO TOV OAOKANPAOLATOG TOV GOAALOTOG
mov d€xetal otV €ic6000. O ohokAnNpmTiKdg eAeykTg I epmepiéyet ko pio TopALETPO
Ki,n omoia éyer povéda pétpnong 1o 1 Sec— kot ovoudletor GULVIEAEGTNG
oAoKANpwonG. O oAokAnpmTikog eAeyktng I xel Tnv mapakdtm popen: [15]

M) ~E& [ g | D Y(s)
) + p  — | — Diomuo 3

g

Zymua 2.24: Mrhdk-Awdypapipo Tov avarioykob ereyktn [
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O oroxAnpmtikog ereyKTnG I e16dyel 610 choTHUA Eva TOAO KOl Eivol TPOPAVES OO
TO TOPOTAV® CYALL OTL ) GLVAPTNON UETOPOPAG TOL eAeyKTH givar 1(S)= %

H ££060¢ Tov odoxkAnpwtikod eleyktn I £xel popen avappiynong Kot 6TV 10 GOAAL
undeviCeton n €£060¢ Tov eAeYKTN TapapnéveL oTadepn).

X1 mepintoon mov 10 oot givarl og cuvaptnon petagopds G(s)= i T0TE M
GLVAPTNON UETAPOPES TOV GLOTNLATOG KAEIGTOV PBPOYOV HE OAOKANPMTIKO EAEYKTH
elvau:

K
*
;L‘{G]:M_)(‘Ejt]:L_) }'ﬁs): > Kr
BT R CE %) D 8 S +A*s+K,
s*(s+A)

2uvenmg, av oeyepBel 10 cvotua pe onua 10660V povadlaio Pnuatiky, amd
TapoKat® oxéon 0o Bpedel 1o cAALL LOVIUNG KATACTOONG:

L K

e =1-lms*G m-——— —e =1£—>e =0
L ]s]—]}]‘( os) ) 32 + A*S + K; " . (1
Emopévog 1o opdipo poviung katdotaong undeviletar pe tn ¢p1on oAoKANp®TIKOD
eleyktn L

Elvar mpoavég 61t 10 cuoTnUa He T XPNon TOV OAOKANp®TIKOD gleykth I and to
évo, ovoTNUO PETATPAMNKE o€ GAAO oVOOGTNUO, OTOV 1 TIUN TOV GUVIEAEGTN
olokAnpwong eivar Opola pe €vag QLUOIKNG ovuyvotTag Tov cvotiratos. Oco
aLEAVETAL O GUVTEAEGTNG OAOKANPMOONG TOGO OEAVETOL KOL 1] PUGIKT GLUYVOTNTO TOV
GLGTNUOTOC, KOl £TGL EYEL MG OMOTEAEGUO TV TOYVTEPT OMOKPLIGN TOV GLOTNLLOTOG
Kot peimon tov cvvtedeotn andcPeong, Kabdg to ywopevo 2* * n { o , mopapével
otabepd kot ico pe A, pe ocuvémeld TV avENON £vog VITEPUYMOONG GTN Ptk
OmOKPLOT TOL GUGTILOTOC.

‘Evoc oAoxkAnpotikdc eAeyktng eSoheipel TO GOOARO HOVIUNG KOTACTOOMG Yo
otabepn| €ic60do avapopds. Emmpdcbeta, aviipetonilel pe emruyia amokAiicelg amod
TVUYOV datapayES TOL GVOTHRATOC. [15]

Aw@opikdg (D) eheyktig
O dwgpopikog ereyktng D (Differential Control) 6tav otnv €icodo tov T0 GNua TOV
COAALOTOG €L TN HOPON PnuaTikng 01€yepong tote 1 €000 TOL €AeyKT €ivan 1

KPOLOTIKN cuvdptnon pe Bewpntikd dreipo mhdtog yio t=0. Ttn mepintwon mov 1o
o@alpa givar 6tabepd TOTE M ££000G TOL SLOPOPIKOL EAEYKTN givarl undév. [15]
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Xs) - Els) Uls) Tis)
> + o Kdes  —— Dlotnua >

ymua 2.25: Mahdk-Atdypapipo Tov avaroykob eheykt D

O J10popIKOC EAEYKTNG €100YEL GTO CLOTNUO VO UNOEVIKO KOl 1| GLUVAPTNON
LETAPOPAS TOV EAEYKTN €ivon 1) eENG:

D, =K *s

()
O S109optkdc ereykTig mePopilel T0 oAAUA GTN LOVIUN KOTAGTAGT GTO GTASI0 TNG
HETAPATIKNG amdKPIONG TOV GLGTNUATOV, OCTOCO GTN TPAEN OV YPNOLOTOLEiTAL
noté udvog tov. [15]

Avaroyikés-Oroxkinpotikég (Pl) eheyktig

O avohoykog-ohokAnpotikds eAeyktig Pl aBpoiler tov avoroywd kot Tov
oAoKANpTIKO éAeyy0. H cuvdeopoloyia Tov gaivetatl oto e€ng oynuo. [15]

LI
Hg) . E(s) > o (s) Fbotmua Tiis)

Yymua 2.26: Maldk-Atdypoppa Tov ovoAoyIkoV-0AoKANpoTIKoL eheyktr| PI

AmO ™ ovvaApTNON UETAPOPAES TOV OVOAOYIKOV-OAOKANpmTIKOL €leyktn Pl egivan
Qovepo OTL E1GAYEL EVOL TOLO GTO UNSEV Kat £va UNOEVIKO GTO - =

. K S*K+K . K
L A

5

H yprion tov 6pov olokAnpwong €xel okomd v eEAAEYN TOL GOEAANATOG GTN UOVIUN
katdotoon kot petafairer to DC-képdoc  Ttov cvotiuatog. O avoloyikog 6pog
Bektidvel v €voTAOE TOV CLGTHUOTOG Kot AVEAVEL TN TOOTNTO OTOKPIONG. XTN|
TEPIMTOGN TOV TO CUGTNUO TOV EAEYYOLUE €ivol TPAOTNG TAENG HE GLVAPTNON

HETOPOPAG
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G(s)= i, TOTE M CLVAPTNOT HETOPOPES TOV GLOTNUOTOG KAEIGTOV PBpodyov pe PI

gleyktn glvat:

S:BKP —K;. . 1 .S‘*Kp -I-f:l.
i i (54 A)
G{'S = IS-" > IS-+‘4 _>(J:cs = £ .S > = %
2 1+5*ﬁp—}&f* 1 € s*(s+A)+5*K, +K
s s+A s*(s+A)
N T -
5 f&p—}ﬁ. s KP—A]_

_>Gc(s]: 2 i % T - _}Gr{s): 2 oy e -
s +A%Fs+s I&p +K K3 —{A+Kp)".5‘+ﬁl.
H

To cbotnpa oAAGler kou yiveton pe: @, =K, kan 2% %o, = A+ K,

Enopévmg, oOtav ypnowomnoteital o avoloyikOG-0AOKANPOTIKOS EAEYKTNG e avEnon
TOV OAOKANPOTIKOL 0pov Ki av&dvetat n QUGIKN GLXVOTNTA Mn TOL GLGTHLOTOG KO
pe v avénon tov avaroywkod cvvieleoty Kp av&dvetor to ywvopevo 2 *  * on,
Yopic Opmg va petafdAAeTar 1 ®n OMOTE OVEAVETAL O GLVTEAESTG AMOGPECNG TOV
OLGTNUOTOG HE OMOTEAEGHO TN pelwon g vrepvywong. H  emidpacn tov
avoA0YIKoV-ohoKANpoTIKOD eleykty| PI eivon akping oty petafatikn andkpion tov
OLGTAUATOG Kot €€0PTATAL OO TO PNdeVIKO S= - % OV EIGAYEL O EAEYKTING OTO

cvotua. Mg v gwcaymyn tov 6pov orokAnpwong | 1o cvomue yio Prnpotiky
€16000 apovolalel undevikd opdiua udviung katdotaonc. [15]

Avaroyikoc-Ara@opikog (PD) eheyktiig
O avaroyikds- o1apopkoc ereyktg PD cuvovdlel afpoilotikd tov avaioyikod Kot To

oweopwd eheykty. H ouvvdeocporoyia tov  ovadoyukoV-dtopopkoh  EAEYXOV
OTTOTLTTMOVETOAL GTO TOPOKAT® GYT|LLOL:

=) - Eis) Kp Uis) ot Tis)

Y

- Kdxs

Zyua 2.27: Mrlok-Atdypoppo Tov avaAoyikov-dtopoptcod ereykt PD

O avoloykdc- daopikog ecdyel Eva TOAO GTO - f 10 0molio TPOKHTTEL amd T

GLVAPTNON UETAPOPAS TOV EAEYKTN:

K
PD, =K, +s*K, - PD, =s+—%
- p (s) Kd
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O avaloywog- dtapoptkdc ereyktig PD av&dvel v andcsPeon Tov GLGTAUATOG Kot
neplopilel v VIEPOYWOON TNG, MOTOGO OEV HEIDVEL QUECH TO GOPOAUN UOVIUNG
Katdotaong. H ypnon tov dtapopikod 6pov D €xel wg amotélecpa v avénuévn
amOGPECT TOV GLGTNUATOC TOV EMTPENEL TV OVENCT TOL AVAAOYIKOV KEPOOLG KO
€10l PeAtiovetor TO GQAAUN HOVIUNG KATAoTOONG Kot ov&dvetor M ToyOTNTO
amOKPIoNG TOL GLOTNUATOG. [IPUKTIKA O AVOAOYIKOG- JLAPOPIKOC EAEYKTNG AOY® TOV
dtapopkoh 0pov D mpokaiel evioyvorn oto B0pvPo o omolog pmopet va gppavictel
GTNV amOKPIoT TOV GLOTHHATOG, YU aVTd givarl TBavO va onpovpyndody mTpofAnuato
0€ TEPUTTAGELG TOV VTLAPYOVY OTOTOUEG OAAAYES GTO GO AVAPOPAC, YLOTL EXOVV MG
amoTéAESHA O dtapopikdg Opoc D va mapdyel 6000 6e LopPn KPoLoTIKNG. [15]

1
AV 10 oV TOV EAEYYOVLLE EIVOL GE GUVAPTNON LETOPOPAS Gy = i A*s< B
TOTE 1N OULVAPTNOTN UETAPOPAS TOL GCLOTNUOTOS KAEIGTOV
Bpoyov pe avaroykd- dropopikd eheyt elvan 1 €€ng:

1
K _ +s5*%K ¥ —
G _ ( i a) s+ A*s+ B
c(z) 1
1+ (K _ +s*%K  )* —
(K, a) s+ A*¥s+ B
(K, +s*K,)

s+ A*s+ B

_).

- G =
€(s) S]—A*S+B—KP—S*KG,
s+ A*¥s+ B
K _ +s*K
= G, = — ? d
s+ (A4+K,;)*s+(B+K,)

To yoapakINPIoTIKd TOV VEOL GLGTNUATOG Elval Ta EENG:
— - s E - 3 —
w,=B+K_ xm 2¥ %0, =A4+K,;

Xuvenmg, n avénon tov avaroyikov képdovg Kp éxel cav amotédespo v adénon g
(QULGIKNG GLYVOTNTOG TOV GUGTHUOTOS, KOl ETOUEVMOS TN TOXVTEPN ATOKPLOT TOL
ocvotiuatos. H avénon tov dapopucod cvviedeoty Kd odnyel oe avénom tov
ywvopévov 2 * L * on pe apetdfintn ) @uoikn cvyvotnta kot €Tl avEdvetal o
GUVTEAEGTNG OOGPEGNC TOL GLGTNUATOS TOV 0OMNYEL 6T pelwON TG LIEPHYMOONG TNG
OtOKPLONG TOV GLGTHLOTOC.

Ooco avéaveton To avaA0YIKO KEPOOS UELOVETOL TO GPAALO LOVIUNG KOTACTOONG Kot
dev emmpedletor amd T PeTABOAT] TOL SLOPOPIKOV GLUVTEAESTN. [15]

Avaroyikog-OrokinpoTtikés-Aragopikog (PID) gheykng

H dnpotikdmra tov avaroytkov-oAoKANpmTikov-dtapopikov eheyktn PID opeiletan
TPAOTOV GTNV TOAD KOAN CLUTEPLPOPA TOL o€ avtifeon pe pio gvpeion KApoko
AELTOVPYIKAOV CLVONKOV Kot SEVTEPOV GTI GYETIKT TOV OTAOTNTA 1) OTOL0 TPOGPEPEL
gvkolo kot aflomoto xepopd. O avaroyikOG-0AOKANPOTIKOC-010POPIKOC EAEYYOG
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ocuvovalel abpolotikd TV emidpacn TV POV Pacwkodv Opov  eAéyyov. H
ovvdeouoroyia Tov PID gléyyov mapovotdletor 6to mapakdtm oynua. [15]

ki

=

Ei=) LT
X =) o Kp _-.Ci: )—--{S} Il s

od==

¥

Y

ZyMua 2.28: MrAok-Atdypapiito Tov ovaAoykoH-0AoKANPOTIKOV-O10(poptkol ELEYKTY|
PID

O avoAoy1KOG-0LOKANPOTIKOC-O10pOPIKOG EAEYKTIG EIGAYEL GTO VIO EAEYYO GVOTNLO
avorytov Bpdyyov éva mOA0 6to pUNndév kol dvo punodevikd. H cuvdaptnon petapopds

glvo 1 TopaKAT®:
o 2 - L
&:’ *451 +& t5r+ﬂ,

P, =K, +s *K, % —FID), -

Apketéc dlepyocieg Popumyovikod TOTOL EAEYYOVTOL UE YGPM OTNn ¥PNON HOVAS®V
ereyktwv  PID. O  avoloyikdc-olokAnpmTiKOG-dtapoptkos  ereyktne PID  €xet
GUVOMKE TNV KaAVTEPT omddoon S0TL T0 cvotnue epeaviler toyeion amdkpion,
UNOEVIKT LIEPVYMOOT KOl UNOEVIKO GOOAL0 povipmg kotdotaons. o epappoyn
TETO10V €100V eAeykTNG, Oa mpémel va oyedaotel KATAAANAN €mAOYN TOV TPLOV
TOPOUETPOV TOL OVAAOYIKOD KEPOOVLS, TOV OAOKANPMOTIKOD GUVIEAEGT| KOl TOV
OlLPOPIKOY GUVTEAEGTH] OVTMOC (MOTE TO CLOTNUO KAEWGTOL Ppdyyov va £xel to
TAEOVEKTNUATO OAOV TV EAEYKTMV OV cuvovaloviat otov ereykty| PID. Ovclactikd
TO OLOKOAOTEPO GTN GYEOIOOT TOL GCLYKEKPIUEVOL €AeykT| €ivor vo doBovv ot
katdAinieg Twég ota Kp, Ka kor  Ki yio va pnv emdpd to éva apvnrikd ot
Aertovpyio Tov GAlov. [15]

2.2.1 Ileprypa@n Zvotpatog

"EAeyyog Xvotnpotog pe yprion Avaroyikov gheykt (P)

To povtéAo TPOGOUOIMONG TVELLOTIKOD GUGTILOTOG TOV YPNGLLOTOWONKE vt NG
MathWorks [éxdoon Matlab R2014b]. TpomomowOnke «otdAAnAa 7y va

TPOYLOTOTOGEL TO, EMOLUNTA €10 eAéyyov. [16]

270 TOPOKAT® CYNUO TOPOVGIALETOL TO TPOTOMOUEVO LOVIEAO TPOGOUOIMONG e
avaloyikd EAeyyo.
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» (+_) » Pis) Preumatic Acuator
K

Step P Controller

[

m‘ Pressure & Measre

o temperature A pand T
x |-

2 A B p=o | A
Fipe 1 Crifice A Fosiion {m)
R
%
Flow rate il g A 8= B ~

h“"h Pipe 2 Orifice B -
Pressure al res
@ Sowce Directional 5 way Drouble-acting K

vahe preumatic actustor
-

e Pressure & Measure -1000N load
A temperature B pand T1

Preumatic
— Aimospheric
Reference

yquo 2.29: Tlvevpotikd Xootuo pe ereykt Avaroyiag P

210 HOVTEAO TPOCOUOI®MONG TVELUATIKOV GUGTNUATOS 7OV  TOPOVCLACTNKE
TOPOTAV®, TO KUPLOL OTOWEl 7OV TO OmOTEAOVV eivar por PBaAPida  eAléyyov
katevBovvong 5/3, n omoio dwBéter Ko pia evordueon Béon mov givor KAEGTH Kot
YPNOCLOTOIEITOL Y10 TOV 6OGTO EAeYY0 NG KATEHOLVGNG PONG TOL TEMEGUEVOL OEPOL
Pog Kot amd to EUPoro, kabmg Kot yio TNV €£000 Kat TV emoTpon tov Paktpov. H
mieon mapoyng €16600v  cvvdéetor pe TV diodo P kot o mvevpotikog
gvepyomomtg/EpPoro cuvdéetan pe Tig 010dovg A kou B. Ot dadpopés emotpoer|g
TV 3100wV A kot B etvar o1 6iodot R kot S avtictorya.

EmnpocBeta, 6to chotnua vadpyet kot Evag KOAVOPOG OTANG EVEPYEWNS LE OTAO
Baktpo, dote M duvaun Tov eEacKel 0 TEMEGUEVOS 0€pag v Kivel To EPPOAO Kot TPOg
TI¢ 0V0 KatevBvvoelg kivnong. H tun mov dmbnke omnv mopdpetpo tov UnKovs e
dwdpoung tov guporov eivar ion pe 0.1 m.

Eniong, to cvotnuo tepthappavet kot tov pubuod pong (Flow Rate) 6mov cuvdéetan pe
mv PBoAPida. 10 ecmTEPIKO TOL PLOUOL pONG TEPIEXETOL £VOL VTOGVGTNLO, TTOV
nepthopfavel Evav areOntipa pong palag kot pong Oepuodmroag (Mass and Heat Flow
Sensor), KoO®OG KoL TNV T TOL HETATPOTEN TV PLOIK®V Tapapétpwv (PS-Simulink
Converter).

H mnieon oépa (Pressure Source) eivor évag copmeoctnc aépa mov dtotnpel o
kaBopiopévn dapopa mieong aveEapmmra amd tov pviud ponc. H Ty g dtopopdc
nieong mov dmOnke oTOV GVUTIEST givar ion pe 6 bar.

Téhog, ot0 poOVTéLo mpooouoimong mpootédnke uia Pnuotiky eicodog (Step), pe
oKomd TOV VIOAOYICUO TNG AMOKPIoNS TOL cLOTHWATOS. Ot TG oL TEOMKAY OTIg
TOPAUETPOVS TNG PNUOTIKNAG €16000V, Yoo To Adyo 61t oto block tov mvevpartikon
evepyomomtn €xel tebet m tun 0.1 M otV TOPAUETPO TOV PUNKOVG SLOOPOUNS TOV
euporov, eivar yia o Step Time undév ko yia to Final Value 0.05 m.

46



A.E.I. HETIPAIA TEXNOAOI'TKOY TOMEA

Eniong, ypnopomombnke 1o ototyeio tov eleyktn Proportional-Integral-Derivative
(PID), divovtag Tiun udvo otnyv mapauetpo tov eAeyktn P, étol dote va viomombei o
avaAoykog Edeyyos. ['a 1o k€pdog Tov avaroyikov eleyktr d00nke n tun Kp = 7.5.
Me v ovyKekpévn TN 10 cOGTNUO EMTLYYAVEL TV emBount) amokpion. O
1pOvog tpocopoimong givar 0.5 sec.

Avaloyikog ‘EAeyxog
0.06 T T

0.05

0.04 .

Pasition (m)
o
o
w

Step rl
Pneumatic Actuatol
0.02 H b
0.01
0 L Il L i
0] 0.1 0.2 0.3 0.4 0.5

Time (seconds)
Yyua 2.30: Tpagik] ATekdVion CLGTHLATOS e AVOAOYIKO EAEYKTN
"Edeyyoc Xvotipatog pe ypnon Avaroyikov-Orokinpotikod ereykti (P1)

270 TOPOKAT® YN0 TOPOLGIALETOL TO TPOTOMOMUEVO LOVIEAO TPOGOUOIMONG LE
Avoroyiko-OhokANpoTiKd EAEYYO.

v

——

I@ » i Preumatic Aciator
Step Fl Controller P
1 DI

w
wL Pressure & Measure
o temperature A pand T

- J L
A Bfmib3H A

Pasition {m)

Pipe 1 Orifice A

B Al—aiaa .
- [— c
({7 Pipe 2 Crifice B

A
Directional 5way Dcuble—adirul
vahe pneumnstic actuator
L
Pressure & Measure -1000M load
- temperature B pand T1

T Atmospheric
Reference

yqua 2.31: Tvevpoatikd Xoomuo pe Avaroywko- OhokAnpotikd ereykt PI
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Mo v viomoinon ToL TOPATAVE® GLOTAUOTOS OlaTNPNONKAV Ol TPONYOVUEVEG
UETOTPOTES, e KUPLoL OAAOYT avTh ToL eAekTn. TTo ouykekpipéva, ypnoioromonke
10 otoyyeio Tov ereyktn Proportional-Integral-Derivative (PID), divovtag tiun povo
oTIG TopapéTpoug Tov eheykth P ko I, €101 dote v vhomombel o €heyyoc. I'a to
KEPOOG TOVL OVOAOYIKOV gheyktn 060nke m tywn Kp = 7.5 ot yio 10 k€pdog tov
0AOKANPOTIKOL eAeyktn 000nke Ty Ki = 0.1. Me Tic ovuykekpipuéveg THES TO
GUGTNUA ETTVYYAVEL TV eMBLUNTH amoKpion. O ypdvog Tpocopoinong eivar 0.5 sec.

Avaloyikog-OhokAnpwTtikog 'EAeyxog

0.06

0.05

0.04 1

0.03

Step
Pneumatic Actuator

Position (m)

0.02 H

0.01

I} L . . .
0 0.1 0.2 0.3 0.4 0.5

Time (seconds)

Syquoa 2.32: T'pagikr ATelkovion cuoTHHATOg pe Avaroyikd - OLOKANPOTIKO EAEYKTN
"EAeyyog Zvotipatog pe 1pnon Avaroyikov-OLokAnpoTikov-Ala@opitkoy eheykn
(PID)

210 TOPOKAT® GYNUO TAPOLGIALETAL TO TPOTOTOMUEVO LOVTEAD TPOGOUOI®MONG LE
AVOLOY1KO-OLoKANPOTIKO- Alapoptkd ELeyyO.

Spool (mm)
poal (mm) n

>
Freumatc Actuatar

-+

Step PID Confroller

P
=

Pressure & Measure
tempersture A pand T

L e e Y =

Fipe 1 Orifice A

| PRy —
B . A]_D‘;_(M\ 8 N
Fipe 2 Orifice B

b
Directionsl 5-way Double-acting 4
o pneumatic actuator h
e It & |
s
ratire a

Preumatic
T Atmospheric
Reference

Zympa 2.33: Tvevpatiko Zuotnuo pe Avaroyikd- OLokANpoTiKO-Alopopikd eAeyKT)
PID
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Mo v viomoinon TOoL TOPATAV® GLOTAUOTOS OlaTnPNONKAV Ol TPONYOVUEVESG
UETOTPOTES, e KUPLoL OAAOYT avTh ToL eAekTn. TTo ouykekpipéva, ypnoioromonke
10 ototyeio Tov eheyktn Proportional-Integral-Derivative (PID). ' to képdog tov
avaAloyKov eAeykth 000nke n tun Kp = 7.5, yuo 10 K€pO0G TOL OAOKANPOTIKOV
eleyktn d00nke n i Ki= 0.1, ko yo 10 K8p60g TOV SLoPOPIKOD EAEYKTN 0OONKE M
Tun Ko =10. Mg Ti¢ GUYKEKPUYEVEC TIUEG TO CUOTNUOL EMTLYYAVEL TNV ETOVUNTY
anokpion. O ypdvog mpocopoimong givar 0.5 sec.

Avaloyikog-OAokANpwTIKOG-Alapopikdg 'EAsyxog
0.06 T T T T T T T

0.05

o
g

0.03

Position (m)

— S {E D

0.02 H Pneumatic Actuator

0.01

L L . s L | L . s
o] 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Time (seconds)

Zynua 2.34: Tpagikn ATelkdvion cuoTHatog pue Avoroyikd — OAOKANPOTIKO-
Awopopikd ereykn

"Edeyyoc Xvotipatog pe yp1on Avaroyikov -Awngopikov gleykn (PD)

270 TOPOKAT® YN0 TOPOLGIALETOL TO TPOTOMOMUEVO LOVIEAO TPOGOUOIMONG HE
Avoroyiko - Alapopiko ELeyyo.

—
Spoal (mmi 3
»
™ El
Mo o
= 5
ep PD Controller _ P
ﬁ
o ‘ Pressure & Mess ure
o temperature A pand T
»

[a PPy B :

[+
Fip= 2 Orifice B T
A

D ouble-acting

= preumatic actuator B

T -
Fressure & Measure -1000N load
temperature B pand T1

Pneumatic
D Atmespheric
Reference

Yyuo 2.35: Tlvevpatikd Zootnua pe Avaroyikd-Atopopikd ereyktn PD
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o v vlomoinon Tov TEPATAVE® GLOTAUATOS JITNPNONKOV Ol TPONYOVUEVEG
UETATPOTES, e KOpLaL oAAayn vt Tov gdekt. [Tio cuykekpyéva, ypnotpomomonke
10 otoyeio tov eheyktn Proportional-Integral-Derivative (PID), ), divovtoc tun
uovo oT1g TapaprETpous Tov ereyktn P ko D, 101 dote va viomomBel o Ereyyog.. [
TO0 KEPOOG TOL AVAAOYIKOU eAeykTtn 000nKke N tun Kp = 7.5 ko yio 1o x€pdog tov
dpopkol ereyktn 660nke 1 T Ka =10. Me 11 GUYKEKPIUEVEG TIUEG TO GVOTNLOL
emruyydvetl v emBountn anokpion. O ypdvoc Tpocopoimong etvar 0.5 sec.

Avaloyikog - Alapopikdg EAsyyog
0.06 T T T T T

0.05
0.04 -
E
=
.2 0.03 - 1
I Step
o Pneumatic Actuator
0.02 H -
0.01 1
0 L L ! ) L | ' L I
(8] 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Time (seconds)

Yyfua 2.36: T'pagikny ATEkOVIon GLGTHUOTOC e AVOAOYIKO — Alpopikd EAEYKTN

Keoaroawo 3: ‘Eleyyoc Hvevpotikov Yvotnuoatoc Me Xpnon Lookup table ywa
soapnoyn Eleyty Fuzzy

3.1 Acagg Aoyui)

H Acagng Aoywn (fuzzy logic) ypnowonoteitol katd kvplo Adyo oTov EAEYYO TOV
pnyoavov. O 6pog «Acagn» SIVEToL Yo VoL ATOTVIMGEL TNV £VVOLa TOL OV UTOPEL va
amodobel pe 11 ekppdoelc aAnbeia 1 yépa 1 akOUo Kol TNV EKQPACT] LEPTKAOS YELL.
Qct060, LVIAPYOVY EVOANOKTIKEG TPOTAGES OT®G Yo mapdaderypo ot ['evetikol
AlyopiBpor ko ta Nevpovikd Aiktvo to omoia pumopodv vo, amoddcovV Kot Vo
Aertovpynoovy 1060 KaAd 6co N Acapng Aoywkn. Emiong, n acoen Aoykn €xel to
TAEOVEKTN IO TNG emiAvomg TpoPAnudtov mov Kootilovv apkeTd otov avOpwmo. Mg
Vv eumelpic mTov amoktd o GvBpwmog amd TV acaen AOyn &givor Kavog va
OYEOIAGEL KO VO KATAGKEVAGEL EAEYKTES Y10 vaL ToV fonBovv 6To va avTIHeTOmileL To
€VUKOAOL LMY OVIGHOVE TTOV KOTEYEL O 1] AKOWA Kol VoL ONovpynoel Karvovpyovg. H
AGOPNG AOYIKN YPNOYLOTOIEITOL GE TOAAL TPOYPAULOTO VITOAOYIGTMV, GE dOPVPOPIKE
GUGTNHLLOTO, GTOV EAEYYXO TPLPOCIKOV KIVNTHP®V, KOl 6€ TOAAEG GAAeG epapuoyés. H
acoENG Aoyikn amotelel pio EMEKTOOT TNG KAOGGIKNG OPLOTOTEAELNG AOYIKNG. Mia
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TpoTOon Umopet va gival aAndng "pe kamowo Pabud ainbeiog”, kot Oyl amhd aAnbng N
Yeuone, onAadn M acaeng AOYIKN AEEL OTL TO. TPAYUOTA GLYVAE OV &lval «AGmpo-
HaOpo» OAAG «OTOXPMGELS TOV YKPW. AVTN 1 10€0 ENEPEPE EMOVAGTAON TN Bewpia
™G AOYIKNG, KOS EEPuye amd TO HOVTEAO TTOL Kuplapyovse 2500 xpovia, dSnAadr To
povtédo tov «0-1», «aAndéc-yevdéon. O TpdmOg Agttovpyiog TG EMOTAUNG OmoLTel
TPOTACELG 01 oToieg eivan eite aAnBeic eite yevdeic. QoTOGO, 0 TPOTOC ActToLPYING TNG
avOpdmvng Aoyikrc dev 0éter Opio petacd ainbovg kot yevdovg pe axpifeia. O
TPOTOC TOV 0loYoAMONKe pe v acoen Aoy eivar o Lotfi A. Zadeh 1o 1965. [21]

H Acoaenc Aoyikn otpileton otnv enéktaon g £vvolog tov Aitipov Zvvorov (1),

oT1) YEVIKELUEVN éVvola, TOV Acapohc Zvvorov (2):

]1. av x4

. 1
1_0. oV x e .4 @

I,: X —{0.1}. we I,(x)=

L, X —[0.1]. we jp,(x)=ca<=[0.1]. ('-_*"1)1

Ao

[ | i
1 FESE S EES IR

|
I
i
[
I
1
I
!
I
f
I
§

Zympa 3.1: Zoykpion kKAootkod Kot asapods GuVOLoV

Khoowd Tovoro, A = {3,5,7}  Luvijin ot mpdZn, acadi civola
A, Tpryoviko, "epizou 4"

Acadéc Tovoro, B = {repimouv 5 L. , ., )
s {rep }B, Tpameloetdéc, "nepinou petall 3 kot 7
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Zymua 3.2: ZOyKpion acoe®v cuvorwv, A-tprymvikod,B-tpanelocidoie,l -

KOUTTOVOELDO0VG, TTOL EKQPALovVY TNV 1010 acapn Evvola, «y tepimov 55»

‘Etol yioo v avTipetdnion t€toiwv YA®COIKOV ac0PmV EKQOPAGE®V, T0 Acopés

2hvolo gmekteivel TNV £vvola evOg SITILOV GLVOAOL LECH TNG CVVAPTHONG TOUUETOXHG,
OnA.
Myoxe X = p,(x)€[0.1]

Anhoon:

pa(y)=1, onuaivel 6T 10 Y AVIKEL OAOKANPOTIKA GTO A,

pa(y)=0, onuoivel 0Tt o ¢ dev avnkel kabBoAov 610 A,

0< pa(y)<I, onuaiver OTL TO ¥ OVNKEL pLePIKE, OnAadn Katd Kdmoo fabud oto A.

O ap1Bpog pa(y)e[0,1] dnAdver Tov Pabud coppetoyng pe tov omoio 1o otoryeio x €X
AVIKEWCLUUETEYEL) 0TO 0oaPEG LITOoLVOLO A Tov X. [21]

3.1.1 Acageic EAeyktég

Ot acapeic EAEYKTEG ATOTEAOVV GLGTNUATO SLOKPLTOD ¥POVoL Kot yopoktnpilovrtal
amd évtovn un ypoppkodtnto. Avtifeto, ol €AEYKTEC TOL YPNOLLOTOLOVVTOL OTIS
TEPLGGOTEPEC TYEOOV TEPUTTMCELG TOL OTOUATOL EAEYYXOL cLVHBM®G efvar daKpLTov N
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ovveyolg xpovov Kot givarl Kupimg ypappukoi. Kot otig 600 meputtdoelg ot gicodot
AmOTEAODV TO GOOAUN NG €000V TOL EAEYYOUEVOL GULOTNUOTOG HE TNV €16000
avoQOPEG KOl TO YOPOKTNPICTIKE OVTOV TOV GOAAUATOG, OTMG Yol TOPAdELypLo M
petoforn kot o puvBuog petafoing tov. H €Eodog 1tV acapdv 000 Kol TV
YPOUUK®OV EAEYKTMV UTOPEL vaL €lval To o EAEYXOL 1 1] TPOSAHENGT TOV GIUATOG
aVTOV, AVAAOYO TAVTO LLE TNV LOPOT) TOV EAEYKTN. [21]

To Pacikd HEOVEKTNUO TOV OCOQPOV EAEYKTOV €lval 0 peydhog oplBuoc tov
TOPOUETPOV TTOV TTPETEL VO pLOUIGTOOV Yo VO LAOTOMBOUV TO. KPLTHPLoL TOV £XOVV
tebel otV KAbe mepinmTwon, ®C MPOg TNV EMBLUNTY OTOKPION TOV EAEYYOUEVOL
ocvotquatog. H gdpeon tov medion TIHOV TOV aco@®V HETAPANTOV, 1| LOPON TOV
GUVOPTNGEMV GUUUETOYNS TOV 0COQ®OV GLVOA®MV, M EMAOYN TOL UNXOVIGLOV
eEAYOYNG CLUTEPAGLOTOG KO TWV TEAEGTMV TOV YPNGLLOTOLEL 1] ACAPNG AOYIKN,

0 oyedopdg ™G acaeovs Paong Kavovav, o Kabopiopds Tov mhaveav KePOOV
KMpokomoinong mov umopel vo O100étel 0 €AEYKTAG, M EMAOYH TOL YPOVOL
detypatoAnyiog kot évag apBpog axdun mopopétpov kabiotodv v Sudikacio
PYOUIONG TOV 0oAPOVG EAEYKTY] L. xpovOPBopa. kot SVoKOAN dtadikacio. [21]

Emmpdcheta, n éAdetyn mAnpovg Bewpntikov kot pabnpatikov vrofadpov yuo v
KOTAAANAN pOOon TtV TOPAUETPOV OLTOV KOOIoTA TOV acopn EAEyX0 o
owdwacio M omoio Poacileror katd KOpO AOYO O TPOOTAOEIEG OOKUUNG Kot
ocpdApotoc. Ot mopoatnpnoeElS Tov emmONKoV Topamdved £XovV EMPEPEL UEYAAN
KPLTIKN G711 ¥PNOoN NG acaPoDS AOYIKNG TAVE® GTOV EAEYYO GUGTNUATOV GE GYECT e
TNV OTAOTNTO TOV YPOUUIKOD EAEYYOV. LTO YPOUUUKO EAEYYO OmOLTEITOL 1| EDPECT] TOV
TILADOV TO TOAD TPLOV KEPODV KOl VILAPYOLVV apKeTH dtaféoipa pabnuatikd epyoieio
ta. omoia givon og B€om va mpocEEpovy o TANPT OE@PNTIKY OVTILETOTIOT TOL
npoPAniuartog. [21]

H pn ypoppukdmto tov aca@odv eAEYKTOV emeEpel TPpoPANUaticpnd oto Bépa g
€VOTADELNG TOV GLOGTNUATOV AGUPOVS EAEYYOL OTIC TPOKTIKES £pappoyés. ‘Exovv
vivel kdmola Prpate @GTOGO Yl TNV AVTILETAOTICT] TOV TPOPANLOATOG TNG EVOTADELNG
tov FLC pe ypnomn teyvikav g Bewplag tTov pn YPOUUK®OY GUGTNUATOV. ATO TIg
TEYVIKEG OV €YovV avomTuyBel pepKég a@opobv v ypnom ¢ dueong pnebddov
Lyapynov yio tov kaopiopd cuvOnk®dv yio tn yeEVIKY gvotdfela cuotudtov vid
acoen €Aeyyo, TV VTapEN cLVONK®V Yo TV OmTOAVTN €VGTADED TOV GLGTNUATOV
aca@OVG EAEYYOL M TNV €Qappoyn tov kpttnpiov Popov ya tov acaen €reyyo
GLOTNUATOV cLVEYXODS YPOVOL KOl TOL KPUTNpiov dioKOL Yo TOV EAEYYO OLOKPLTMV
ocvoTnuatov. Ouwg, ol TeEPLoGOTEPEG OYXEOOV Omd aVTEG TIC TEYVIKEG otnpilovian o€
ocuvOnKeg Kol VTOOECEIS TOL  OTOV  WPOYUATIKO KOCHO €ivar  OVGKOAO v
KavomoinBovv. Xvvendg 1 evoTAHEI TOV AGUPADV EAEYKTMOV OOTEAEL Eva OVOIKTO

Tpofinua. [21]
Ta kOpro dopkd ototyeio evog acapovg edeyrty (fuzzy controller) eivon Ta e&ng:

e H paon yvaeng (knowledge base) 6mov givar amoOnkevpévor ot kavoveg (if-
then rules) ywa tov éAeyyo ¢ dradikaciog.

53



A.E.I. HETIPAIA TEXNOAOI'TKOY TOMEA

o Ta acapij avvola (fuzzy sets) ypnolWoOmTOIOVVTOL Y10 VO AVOTOPAGTHGOVV TG
UETAPANTEG 16000V Kot €£000V LLE TOVE AEKTIKOVG OPOVG.

e O acagponomtijs (fuzzifier) petatpénel TIc TPAYUOTIKEG TIWES TNG E1GOJOV GE
aGOPT GOVOAQ

o O umyovicuos evurnepacuotv (inference engine) emeepyaleton t1g €£650V¢
TOV ACOPOTOMTH Kol HE ¥prion g Pdong yvaong e&dyel Ta aooen GUVOAL
TOV GUUTEPOUCUATAOV.

o O anocaporomric (defuzzifier) petotpénetl ta cvumepdopata mov eEGyet o
UNYOVIGHOG GUUTEPAGHOD GE TPAYHOATIKOVG aptOpovg 00Tme MGTE v Umopel
va, yivel petadoomn tng dpdong eréyyov oty dwadikacio. [21]

TOPE TINES ENFODou
jcrisp input values)

[ AgapoTroinorn I
{Fuzzification)

Acagpn Baocn Kovovuwwy

Agagng Mnyoviopog Zup'rrsptrwoﬁ]
{Fuzzy Rule Base)

(Fuzzy inference Enging)

ATTO-0FapoTTOINeT
{Defuzzification)

oopeig e efobou
{crisp output values)

Zymua 3.3: XapokTnpioTiko StéypopLo pong Tov acopovs GUUTEPUGLOD

Xe évov aoapn eAEYKTN ot €lc0d0l givol GNUATO KOl O GYESCTNG €VOS OGUPOVG
eleyk TpEmeL va kavel To Prjpato Tov akoAovfoiv:
1. Aextiey kartavoun Tty 1666wv: O cYedOGTAG TPETEL VO OVOTOPAGTIOEL TIG

HeTAPANTES 16000V Kot 5000V LLE TOVG AEKTIKOVG OPOVG.

2. Awatvomwon twv kavovev: Metd v Katavoun Tov 16600V Kot £00wV Ta
aGOPY GUVOANL OmoONKEVOVTOL VIO TN LOPPT) CLVAPTHGEMY GUUUETOYNG GTOV
VTOAOYIGTN Kot HETE akOAOVOEL 1) S10 TGN TOV KAvOVmV.

3. KaBopiouo tov tomov tys acapovs cvvemaywyls: Metd m doutdnwon tov

Kavoveov akolovbel o kabopiopdg tov acapods TVToL Guveray®YNS. Ot o yvmoTol
TOTOL AGAPOVG GLVETAYWYNG tvat:
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a) tov Mamdani, otov onoio ypnoiponotleital o TeEAeaTHg Max-min, Tov Aapfdavet To
UIKPOTEPO O TOVS PaBIOVE GUUUETOYNG TOV OGOPOTOMUEVOV TIULOV KOl TOPAYEL TO
Pobuo exmlnpwone (degree of fulfillment) tov kéOe kavova. O Pabudc ekmAnpwong
oV Kavova eKPpdalet T fapOTnTa TOV £XEL TO AMOTEAEGLO TOV KOVOVA.

) tov Larsen, otov omoio ypnowomoleiton o TeEAEoTNG Max-product, wov
moAamAac1dlel Toug PaBUoVG CLUPETOYNG TOV  ACAPOTOMUEVOV TLOV Kot
vroAoyilet o Pabud ekmAnpwong tov kavova. [21]

4. Ano-acaponoinen: H and-ocaponoinon mopdyet pio ovotnpn 1 Crisp tiun ond
éva acagéc ovbvoro. Etvor dnAaon n avtifetn dwadikacio amd v acagpomoinomn. Ot
pébodot amd-acaponoinong givat:

o Arné-acapornoinen kevipixis tyuijs (Centroid defuzzycation # center of area
7 COA), voAoyiletar To kKEVTpo PAPOLE TG KATAVOUNG TOV QGAPOVS GUVOALOD
g €£0dov:

|' x- u(x)dx
‘. =

o .; u(x)dx

o Armé-acapornoinen uécov opov twv ueyictwv (Mean of Maxima 7 MOM),
vroloyiletar 0 PECOG Opog TV TIUOV €£00V TOL £€XOVV TOV UEYOADTEPO
Babuod cvppeToync:

Xy =— i max (x)
(]

o  And-acapomoinen pikpotepov and tovg uéyierovs (Smallest of maxima 7

SOM), vmoloyileton amd Ti1c péyroteg Téc €€0d0V ekelvn Tov €yl TO

pUKpoTEPO PobUd GLUUETOYNG.

o  Ano-acapomoineny ueyolitepov amé tovg uéyierovg (Largest of maxima 7
LOM), vrmoloyiletan omd Tic péyioteg Tuég €600V eKelvr mOv £€xel TO
peyaivtepo Pabud cvppetoyne. [21]

o H pébodog mov ypnowonoteitar cuvnlwg givar n néBodog omd- acapomroinong
™G Kevipikng tTung N kevepmovu (Centroid 1 COA), Adym g KavOTNTAG TNG
va mapovctalel og oxéon pe TG GAAec pebddovg to pikpoOTEPO SPdApa. O
Zadeh pe 1o Piprio Tov “Fuzzy Sets” 1o 1965, mopovcioce T Bewpio TV
acoe®v cuvorwv (fuzzy set theory), pe v omoia o Ty pumopet vo oviKeL
TOVTOYPOVO. GE TOALL VTOGVUVOAQ, G6TO KAOe éva pe éva Pabud cvppetoyng.
‘Eva 1€1010 vmoobvoro eivol 10 acagéc oOVOAo, TO omoio mEpLapPaver
ototyeia, Tov To KAbe éva £xet Eva Pabud coppetoyns. [21]
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3.1.2 Baowkoi Opor

2mv Khooikr] Bewpio TV cuVOL®V, Eva GOVOLO aOTEAEITOL OO EVO TETEPAGUEVO 1)
dmepo apBud otoryeiowv ko pmopet va avomoapoaotabel ond v amopibunon twv

ototyeinv Tov g eéng: r ]
A =, G a; g

Ta otoyeio. OAOV T®V GUVOA®V VIO PEAETT) OVIKOVV GE £VO. DIEPGUVOLO AVAPOPAS
(universe of discourse).

Av avtd to otoyeio ai( I=1,....,n ) tov A givor OAa poli éve VTOGHVOAO TOL
VIEPGLVOAOL avapopds X, to cOhvoro A pmopel va avoamapoctobel amd Oha to
otoyeio X € X amd m YopaKTNPIGTIKY) GLVAPTNON

1l agvxelX

1, (X) = 1

0 alliog
Yy Khaowkn Oswpio Tov cuvolev to PA(X) éxel povo Tic tiég 0 (Cfalse") ko 1
("true") mov eivon ot Twég g ainbelog. Tétowa chvoro ovoudalovtol emiong Crisp

obvola (Crisp sets). Ta un- crisp cvvora ovoudlovtor acaps avvola (fuzzy sets).

Acapés XVvolo eivar OomOl0OMMOTE GUVOLO TOL EMITPEMEL TO. PEAN TOV Vo €XOVLV
dlapopeTikovg Padpotg cuppetoyns (cuvaptnon cuppeToyng) oto ddotnua [0,1].

o ta acapn ocbvoAa pmopel va oprotel pia cvvaptnomn, n omoia ovoudletal
2vvaptnon Xopuetoxnc (Membership Function). [21]

H covaptnon ecvuuctoyijs (11 MF) vrodeikviet to fabud katd tov omoio 1o 6hvolo X

OVIKEL GTO GUVOAO A, ONANOT|

i, (x): X —[0,1]

pe{x) (T

C F

1

'y

Yynua 3.4: XopaKkinpiloTiky GVVAPTNOT GUUUETOXNG EVOC KAAGGIKOV 1} CriSP GUVOAOD

(aproTtepd) Kot VOGS 0G0POVS GLVOLOL (Oe&1d)
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Ta acagn ovvolo avamoapiotavior cvyvd omd cvvolo dwotetayuévov (evymv
(ordered pairs) xotd tov €£1g TpoOTO:
[y (vV/x) n S I g e X
A—ﬁf'{yﬁ(x}, xp n Dl (x)/x} pexeX

Ta cOppfora [k = ekppdlovv T0 chHvoro Kat Oyl TO KAUGIKO OAOKANP®LLO 1] TO
GdBpoiopa. Xe mo amAr LopeN N TOPOTAVE® GYECT UTOPEL VAL YPOQEL MG:

L (x) = {,ul (x)/ 2.t (X)/ Xgeees L6, (x)/ x, }

3.1.3 Baowkég [0160TnTEC AGUPOV ZUVOLOV

e To dyog (height) evog acapodc cuvorov A, hgt(A), opiletar wg :
hgt(A) =sup 11, (x)

xeX
Ta acaen cvvora TV omoimv To VYOG givat ico pe to 1, ovopdlovtan kavovikd.
e O «b6poc (core) &vdc aca@ovg GLVOLOL &ival TO VIWOGVVOAO TOV TESIOVL

OPIGUOV TNG GLVAPTNONG CGLUUETOYNG YL TO OTOI0 TO MEDI0 TWMV TOipVEL
TIPEG 1oeg e T povada.

core(A) = {x e X\, (x)= l}

To odvolo otipiéne (support set) evog aca@ovg cuvolov eivar T0 GOVOAO TOV

oToyEl®V TOL VTEPGVVOAOL avaPopds X Yo TO otoio 1oyvEL TO EENG :
supp (4) = {x e X\, (x)> 0}

Kavoviko aca@ég svvolo (normal set) ivatl 1o aco@éc 6OVOLO 6T0 0T0i0 0 TVPNVAG
dgv givar kevd oHVOAO, LITAPYEL ONANOT TOVAAYLIGTOV £VO GTOLXEIOV TOVL TETOWO €101
mote A(X) =1

Yovoro a-topng (a-cut) Ao givor évo KAOGGIKO 1) CriSP 6OVOAO TO 0Toi0 EUmEPIEYEL

ola Ta otoryeia X € X mov €yovv peyaivtepo Pabuod coppetoyng and pio Tind o.

A4 = {.x' X\, (x)= a} omov 0O=a=1
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Kvpté aca@éc ovvoro (convex fuzzy set) sivor 10 acoa@éc chvoro 1o omoio &xet

povotova av&ovoa 1 Lovotova BivouGa GLVPTNGN GUUUETOYNS.

&
0 [
0.8p
Hdx) 0B
het (4)
04f
0.2t
0 ! +
a b o d| X
core (4)
supp (A)

Zyua 3.5: "' Yyog, vrootpién kot kOpog VoS 0capovg GLVOALOL

3.1.4 Xvvaptioeig ZoppeTons

Yndpyovv didpopot TtOmOL cuvvaptiicemv ocoppetoyis (Membership functions 7
MF’s) mov avomopiotodv to 0oa®r GOVOAO OmmM¢ &€lvar 1 TPLY®VIK HOPEN
(triangular mf), n tpaneloedn (trapezoidal mf), n xapmavoewdn (generalize bell mf 7
gbell mf), n yxaovoiavny (gaussian mf), n popeny s (s mf), n wopes pi (pi mf), n popoen
z (z mf), n oryuoeion (sigmoidal mf) 1 axdpo Kot por GLYKEKPIUEVT LOONUATIKY TIUn.
[21]

e H tpryoviki] svuvaptnon coppetoyig (triangular mf) yopoxtmpileton amod tig
Tpelg mapapétpovg {a, b, ¢}, wg eéng:

. . (x—a c—x
triangle(x;a.,b,c) = max mm( ,—J,O
| b—a c-b

trimf

0 20 40 B0 gl 100

Yynua 3.6: Tlapdaderypa tpryoviking cuvaptnong coppetoyxng (X; 20, 50, 80)
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e H tpomelocdong osvvaptnon ocvppetoyns (trapezoidal mf) yopoaktnpileton
and TG TE6GEPIC TapapETpoVs {8, b, ¢, d}, oc eénc:

(x—a . d—x\ _)
' L [.O
{ h—n A—er)

trapezoid(x.a.b.c.d) = max | min

' trapmf

1+

05

0 20 40 &0 80 100

Yynuo 3.7: Tlapadetypa tpamelogldng cuvaptmong coppetoyns (X; 20, 40, 60, 80)

e H kopmovoedi)s cvvaption ovppetoyns (generalize bell mf 7 gbell mf)
yapaktnpileTol omo Tig TPELS TapapéTpous {a, b, ¢}, og e&ngc:

" gbellmf

0 20 40 &0 a0 100
Yynua 3.8: Tlapdderypa kapmavoeldng cuvaptnong cvppetoxns (X; 20, 4, 50)

¢ H ykaovorovi) cuvaptnon cvppetoyis (gaussian mf) yopaktnpileton amod tig
dvo moapapérpovg {c, C}, 6mov 10 ¢ Kabopiler To MAATOG TNG CLVAPTNONG
ovppetoyng (Mf) ko To € avamapiotd to kévrpo g mf :

gaussian(x.c,c)=e
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'guussmf '

1] 20 40 G0 a0 100
Zyua 3.9: Moapdaderypo ykaovoiavig cuvaptnong coppetoyns (X; 10, 50)

¢ H owyposidn svvaptnon svppetoyg (sigmoidal mf) yapoaktpiletor and tig
dvo mapapétpovg {a, C}, mg e&ng:

1

—a(x—c)

sigmoid(x;a.c) =
l+e

0 - - . . ]
0 20 40 E0 80 100

yquo 3.10: TTapadetypa orypogtdng cuvaptnong coppetoxng (X; 0.4, 50)

3.1.5 IIpa&erg Aca@@v Xovormv

>t acoen cvvola opilovtat peta&h TOVG OPIGUEVEG TTPAEELS OTMG 1) Evmaon (Union), 1
toun (intersection), to ywoéuevo (product, to alyefpikd abpoisua (probor) kot to
cvopmAnpope (complement) evog acapoidc cuvorov. [21]

e H évmon (union) dvo acapwv covolwv A kor B aro X opiletor wg eng:

Uy g (X) = p1,(x)V pg(x) =max[ e, (x), tz(x)] YxelX

e H topn (intersection) ddo acapwv oovéliwv A kot B aro X opiletor w¢ eng:

My 5 (X)= 1, (X)A pg(x) =mun[ 2, (x), g1, (x)] VxeX
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e To ywopevo (product) dvo acapwv covolwv A kair B oto X opiletor w¢ eng:

Mo p(X) =0, (x)® 11 (X) vyex

e To arysppuko aBpowspa (probor) dvo oacapdv cvvormv A kaw B oto X
opileTon wg e&Ng:

5 ()= 0, () + p1y(x) — 1, (x) - 1y (x) VxeX
e To cvpmijpopa (complement) evog acapoig cuvorov opileton mg e&ng:

pr=l-u,(x) VxelX

21N TEPIMTMOOTN MOV 1 GLVAPTNGN GLUUETOYNG €VOS 0ca@ovS cuvorov A eivor
pikpotepn 1 fom pe TN GLVAPTNGN GLUUETOYNG €VOS 0oaPovS cuvorov B, tote T0

acoeéc ovVoro A gival vmosvvolo (Subset) Tov acapovg cuvorov B:

A B)av u(x) < y(x) VxelX

Isotyua (identical) acapn ovvola eivar d0o acagn ocOvoro A kot B Otav ot

GLVOPTNCELS GUUUETOYNS TOVS GE OAOL T oMueio lvarl OLOIES:

A=Bav u, (x)=i,(x) VxelX

1 I:-‘! 1.:1“
0t 0.8
0.8} 0.8
D4} 0.4
0.2t 0.2

o : - > 0
X

5 |

Yynua 3.11: Minimum (apiotepd) kot Product (8e€1d) 600 oo cuvormv
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.n:nl' 1.3l
[1R-] 0ar
o0& 0&F
D4t 04t
0.8 05f

.
L

X

Yynuo 3.12: Maximum (oprotepd) 600 acapr cuvormv kot Probabilistic sum(de&ud) d0o acaen

oLVVOA®V

Yynua 3.13: Complement evog aoagog GLVOAOD

3.1.6 Aektikoi Tpomomomtéc | Ppaxreg

Ta acagpn cvvolo ex@pdlovv acagn £VVOlEg MOV YPNOCLLOTOOVVTAL GTN (PLGIKN
YAOOOoA TOV avOpdOTOV KaBNUEPIVA, OTMG Yo TOPAOELYLOL O AEKTIKOT OpOL “KOVTOG”,
“nétprog” ko “ynids”. Ot acaeig avtég Evvoleg £xovv TN duvaTOTNTO VO TAPEYOLV
GAleg aoapeig Evvoleg e TV xpNon Aektikadv tpomomointav 1 ppaxtov (linguistic
modifiers or linguistic hedges), 6mwc "moAd" (very), "mdpo moAv "(very very),
"ehappa” (slightly), "oyedov" (rather), "emmAéov" (plus) kot "Aydtepo” (Minus). INa
TOPAOELYLLOL O TOPATAVE® AEKTIKOG OpOg “wniog” pe ypnom AEKTIKOV TPOTOTOUTOV
napdyel aoapeig Evvoleg Ommg "moAd ynAdc" (very tall), "moAd moAd ymiog" (very
very tall), "ehappdc ynrog" (slightly tall) xtA. [21]
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Av "A" évag Aektikdg 6pog kal PA(X) 1 CUVEPTNOTN GLUUETOYNG TOL, TOTE GOUPOVA
HE TO TOPATAV® Ol TPOTOTOmUEVOL Opot tov Tov Ba mapoyBodv, Ba Exovv TIC

OVTIGTOLYEG CLVAPTNGELS GUUUETOYNG :

e “Very A™: F“\-'@:L:J (A‘) = fuj (:{)

R 125 /
* “Plus A": ,“pju.g‘-_l ( X } = My { X }

. 075 ¢ ..
* “Minus A": Ay iy 4 ('1‘ } = My i ('1" ]

» “Slightly A": g | X)= '\.’.“_4_ (x)

3.1.7 Acageic Kavoveg

"Evog acagng kavovag (if-then rule) eival oty mo amky popen tov:

"If xisAthenyisB"
6mov 1o tunqua «If X is A» givan to Tpuqpa vedbeong (premise part) kou o tuqua «then
y is B» givon to tpumua andeacng 1 cvpmepdopotog (consequent part).

Ot aca@eig kavoveg elval VITOOETIKES TPOTAGELS KO ATOTEAOVY KOPLo dopIKd oTotyeia
cvoTNUateV eEoymyng ovumepacudtov. o v  kotavonon tov  opkel  vo
EPUNVEVTOVV TO GTOLYEID TOV TOPATAVED KAvOVL:

e A, B eival ta acogr] 6Ovora mov cuvovdlovion petalh toug,
e X givoan M Ty g petaPAntg €wcdoov 1 omoio maipver €va Pabuo

GUUUETOYNG OTO0 0acaPés oOVoho A (diadikooio NS  0OOQYOTOINGHS
"fuzzyfication"),

o Vy sgivar m £€£000¢ TOL GLOTHMHOTOS T omoio &€&dyeTor Oamd  UNYOVIGHO

ovumepacpatog (inference engine) oe ocoaen HOpE Kot SNAGDVEL TNV
amOPOCT] TOL KAVOVA.
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To oaca@éc ovumépacua  HETA  OmO-OGOMOTOIEITOL WHE TOV  UNYOVIGUO  TNG
armocopomoinong (defuzzification) €161 dote TEAKA v TPOKOYEL pio GaPNG TuN.
e TepInTon mEPLEGOTEPOV TNG piag 16000V X1, X2, X3,...XN 01 Kavoveg EYovv TNV

&&Ng Hoper:
If x1 is Al and x2 is A2 and.... xn is An theny is B

AxoLoOOmE propovv vo vITapy oLy Kot Topandvm omd pio éEodot. [21]

3.1.8 Zvotipata Aca@ovg Aoyikig
Ta Zvompato Aca@odg Aoyikng dapépovy avaAoya LE TIG LOPPES TOL UTOpel va

nhpet Evag kavovag. O yvmoTotepeg amd avTéG TIG LOpPES glva:

e Témov Mamdani: givar | popen mov avapépdnke maporave, oniadn "If x is
A theny is B" , ka1 ovopdotnke étot mpog Ty tov Ebrahim Mamdani, mov
NTav €vag amd Toug TPATOLG TOL £QAPIOcE TNV Acapn Aoyikr. Ot ££odot TV
KavVOVOV TNG LOPPNG 0VTNG ival acapn GOVOALQ.

e Tdmov Sugeno — Takagi: sivar évag kavovag g popeng "If X is A then y is ¢,
6mov To C givar aptOPdc M kat £va Crisp aoaPEég GHVOAO.

e Tdémov Takagi - Sugeno — Kang # T7-S-K: givor pio eméktacm Tov
TPONYOVUEVOL KOvVOVOL KOl OmoTeEAel €vov amd TOLVG KLPLOTEPOLS TOTOVG
AGOPOVE KOVOVA O 0010 XPNCLOTOLEITAL GE TOAAEG EQUPLOYES AVATTVENG
acapdv cvotnuatov. Exet t popen "If x is A then y is c0 + ¢l x", émov c0,
cl € R. Ot £€0001 TV KavOVOV NG HOPPNG OVTNG &lval GLUVOPTAGELS TOV
glo00dwv. [21]

3.1.9 To Aca@ég Movtélho Mamdani

To acapés uovrélio Mamdani npotdfnke cav pio TpdTN TPooTAdeln EAEYXOV EVOG
GUOTNLOTOG ~CUYKEKPIUEVO EVOC GLVOLOGHOV piol ATHOUNXOVS Kat EvOg AEfnta- amd
éva ovvolo acopmv kavovev (fuzzy if-then rules) . [21]

H dwdikacio tov aca@ovg coumepacuod tov poviédov Mamdani apyikd exteleiton
UE TNV a6a@omoinen tov TV tov gcodwv (fuzzyfication), mv ektipnen tov
Kovovov (rule evaluation), tnv cuvadpoien (aggregation) TOV GUUTEPAGUATOV TOV
€€00v ka1 téhog TV amé-aca@omoinon tovg (defuzzification). To Pruata tng

ddkaciog avtig etval Ta €ENG :

1o ppa: 21 dwdikacio g acagomoinong kabopileton 0 Pabuog katd Tov omoio ot
TIEG TOV 1000V AVIKOVV 6TO KOBEVA amd To 0GP GUVOAQ.
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20 Pipo: ‘Enctta agod ot €icodot acapomombovv, epapudloviar ota vwodeTikd Hépm
(antecedents) tov kavovav. Av évog Kavovag €xel ToAAEG VToBEceLs, TOTE HECH TV
tedeotd@v AND 1 OR diveton éva aplBpog mov avtimpos®mmeDEL TO ATOTEAECUO TNG
EKTIUNONG TOL PEPOVGS TNG LTOBEGTC.

Av ypnoyoromBel o tedeotig AND toHTE VILAPYOVVY dDO TEPITTWTELS:

a) av o AND ypnoiponoteitar wg min (telestis ehayioctov Mamdani) tote divetal o
HUIKpOTEPOG aptOUdS oV ekEPALEL TNV EKTIUMON TOL KavOVOL

B) av ypnowomoteiton wg prod (terlestg yvopévov Larsen) tote divetor £vag
apOuog Tov eKPPALEL TO YIVOUEVO TNG EKTIUNONG TOV KOVOVOL.

Emumpdcbeta, av ypnotpomombei o tedestng OR t6TE VITAPYOVY FVO TEPITTOCELS:

a) ov 0 OR ypnoponoteiton wg max (tehestig peyicton Mamdani) tote divetan o
peyaldTEPOG aplBOG TNG OmOTIUMONG TOV KOvVOVa

B) av ypnowomnoteitor wg probor tote divetar évog apBudg mov exepdaler to
aAyefpiko dOpoiopa TG EKTIUNONG TOV KOVOVAL.

O aplOuog avtdg ePopuoleTonl 6T GLVAPTNGT GCLUUETOYNG TOV GULUTEPAGHOTOS
(consequent) kot 1 GLVAPTNGN GLUUETOYNG TOV GLUTEPACLOTOS TOPOLOIAleTon gite
ue evbeio amokonr| (clipping) eite pe dwPabucuévn anokonn (scaling) oto eninedo
™mg g ¢ vmobeong tov kovova. Otav mn ocuvéptnomn GULUUETOYNG TOL
ocvumepdopotog mapovotdletor pe gvbeion amoxony) toéte M péBodog  ovoudleron
Yvoyétion Elayietov (Correlation Minimum) evo n uébodog mov mapovcidletat
pe SPabuiopévn  amokomn ovoudletar Xvoyétion T'wopévov (Correlation
Product).

H pébodog g Xvoyétiong Edayiotov emAéyeton yio v omAdTNTO Kol TOVG TOYELS
poONUOTIKOVG TG LIOAOYIOHOVS, TAPOAO 7OV  GLYVE TOPOLGLALEL  OTMAELL
mnpoeopiag AdY® TOL OTL OMOKOMTOVIOL TO TAVE UEPN TAOV GLVOPTHCEMV
ovppetoyns. Avtifeta, n pébodog g Xvoyétiong I'ivopévov dwatnpet KaAvtepa 1O
CYNUO TOL 0CO(POVS GLVOAOL KOl €YEL GOV OMOTEAECLO TN WKPOTEPYT] OTMOAELL
TAnpoeopiag, KaBDS 1 CLVAPTNGCT GLUUETOYNG TOL GULUTEPAGLOTOS TOL KOVOVO
Tpocapuoletor 6ToV TOAAUTANGLOGHO TV POOUOV CGLUUETOYNS TNG TWNG TV
VoBEcEV TOV KAVOVOL.

30 Ppa: Xg avtd 10 onueio To cvpmepdoato OAOV TV kavéveov cuvabpoilovral.
2vvalpoiey (Aggregation) ovopdletoar 1 SwdKooicn TNG  GUVEVOONG  TOV
GUUTEPUCUATOV OA®MV TV KAVOVOV. ZVYKEKPIUEVO Ol GUVAPTNGELS GUUUETOYNG TOV
GLUTEPACUATOV GLVOVALOVTOL GE VO AGAPT) GUVOAO.

40 ppa: H arno-acaporoinen civor n 61001Kacio. LETATPOTNG TOV AGAPOVS GLVOAOV
oe pio crisp ). Ymapyovv OmmG avopEépOnke oe mPONYOOUEVES TOPUYPAPOVS
TOAMEC péBodoL amd-acaponoinong omwg sivar n COA, MOM, SOM, LOM «tA. [21]
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1° Bnuo: Amocagonoinon Eitcodmv
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Yynua 3.14: Baown doun tov Mamdani acagn coumepacuon

O kavovog 1 umopet av ypnoomombei to AND (prod) va avorapactadei og e€ng:

05

P )

03

RN

1l ¥ vl

KT TS
0 | 0 |

Kirvovrg Log: [fx is A1(0.5) AND vis BLO6)

THEN

Zis Cl(03)

Yynua 3.15: O tedeotig AND product otov acagn courepooud




I 1
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A 1 [V | VN ) el AN
L x Oy Y 7
Fvaveg 2oz IFxis &3(000)0R v is B2(0.1) THEN Fis C20.0)

Yynuo 3.16: O teheotng OR probor 6tov 0cae GLUTEPAGHO

3.1.10 Zvoempatoe TOmTov SUJENO

[Tponyovpuévmg acyoindnkape pe ta cvotuate Mamdani mov sivar mepiocodTEpPO
ypnoporotovpeva. Ouwg vapyet kot n péBodog Sugeno n omoia glonydnke to 1985
Kot EYel apkeTég opotdtreg pe tn pébodo twv cvotnudtov Mamdani. Ta 2 apdta
fruotd g Yo Topddetypa (aca@omoinon Tov el660mV Kot EPUPIOYN TOV TEAEGTOV)
elvar axpipog ta 10w H Pacikn dtopopd avapesa oto 600 cvothuate evromiletol
670 OTL Ol GLVOPTHGELS GUUUETOYNG OTNV ££000 TOV GLOTNUATOV SUgENo givar udévo
YpopkéC | otabepég cuvapthioets. [21]

‘Evag tuomikdg acaeng kovovag o€ GLGTAUOTO SUJENO UNOEVIKNG TAENG £xel TV
HopoeN:

ifxisAandyisBthenz=k
omov A kot B givon ta acapn cbvora g mpodmdbeong evad K givar po oplOuntikn
. Epocov 10 amotédeopa tov Kavova givor po otabepd tOTE 0vtd onuaivel 6Tt 1o
Prna 3 exeuAiletor oe éva amAd TOALATAAGIAGHO EVED TO Prpo 4 KOTAANYEL Vo givorn
1N GLYKEVIPOGN OA®V TV otabepmv. [21]

1. Asugpomeingen Tev 2. Epepporn rou 3. Egpwpmsyy Tyg
Ereeduew rehesry OR ol T e NG
e 1Y

e I} 7
= Egappsrsy
dbicious G car pcledan
) euvalpareng

;- PY—— P =

service = 3 food = B AmsragRvien
‘Eleses |:| ”
o
Eisedeg 1 " 2 ]

Zynua 3.17: 'Eva cvotnua sugeno
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‘Eva cvomnua sugeno mpodng taéng Oa £xel Kavoveg Pe T YEVIKY LOPON
ifxisAandyisBthenz=p*x+q*y+r

omov A ko B gtvon T acagpr] cuvora g mpodmddeong eved ta p,q,r eivar otabepéc.
["a va dodpe Ta GuoTHUATO TPOTNG TAENS £vog TPOTOG givat va Bewpricovpe 0Tt KGO
Kavovag Tpocdiopilet tn BEomn evog kivovpevov singleton. To singleton avtd eivar og
Béom va Kiveital 610 YOPo NG ££600V, Ue YPaUUKd Tpdmo Kot 1 BEon Tov eapTdTon
Ao TIG TIWES TV E16O0MV.

Eniong pmopodv va emrevyBobv cvothipoto SUGENO  avadTtepng, ®OTOGO0 dgv
TPOGPEPOVY  CNUOVTIKEG PEATIOCES EVEO TOVTOYPOVO ONUIOLPYOVV  CTUAVTIKN
TOAVTTAOKOTNTO.

¥t ovlhoyiotikr] uébodo Takagi-Sugeno 1 oAMdG «GUVOPTNGIOKT GLAAOYIGTIKA
(functional reasoning) to courEPAGUA TOV KAVOV®V SIVETAL LE TN LOPOT YPOULUK®DV
ouvoptioemv. Avth gival ko 1 kOpla dapopd pe tn pébodo tov Mamdani mov

avoeéptnke. To poviélo Takagi-Sugeno éxet amodeybel 0t £xel v KovOTTA VL

TPOCEYYIGEL OMOLdNTOTE GLVAPTNON e k0B Pabud axpifetoc.

3.1.11 Xvvovyilovrog Yo Tig ped6dovg Mamdani ken Takagi-Sugeno

e H pébodoc Mamdani givar omodekt| €0PEOG Y10, TN COAANYN EUTELPNG YVOONG
KOl EMTLYYAVEL TNV TEPLYPAPN TNG HE £VOV TPOTO TO KOVTH GTOV avOpdTIvo
(human-like). TTapdra avtd eivor apkeTd TOAOTAOKT HEOOSOG.

e H ovMoywotikny Takagi-Sugeno eivor omAn kot odnysi oe  ypryopovg
vrohoyiopove. Emiong sivon epappoletor edkoia kol amodidel KovomTomnTikd,
oe TeYVIKEG Pedtiotomoinong kot mpocsapuoyns. To otoyeio oavtd v
KoO1oTOOV KATAAANAN Y100 SUVAUIKA 1N YPoUKa TpoPAnpata eAéyyov. [21]

3.1.12 Lookup Table Fuzzy PID Controller

‘Eva cbotua acapovg ocvunepacpov (FIS) yoptoypapel dedopéves €160d0v¢ oTIg
€EO600VE ypNoHOTOIOVTOS acopr] Aoyikn. [a mwoapddetypa, g TVmTKY aviieToiyion
€VOG 0G0POVE EAEYKTY] OVO €1600®MV Umopel vo amekoviotel oe o aneikdvion 3-D.
To yphonuo ovaeEPETaL GUYVE MG TO YPAPNUL EMPAVELNG EAEYYOV OTMG OWTO TOV

Qoivetal Tapakdto. [22]
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Control Action

Change of Error Errar

Zymua 3.18: I'pdonua Emedveiag EAEyyov

O tomég eicodot FIS eivon ta ofjpata sedipatog (e (k)) kKot n aAroyn codipotoc (e
(k) -e (k-1)). H é€odog FIS &ivar n evépyela EAEYXOL OV GLUVAYETAL OTTO TOVG AGOPEIG
kavoveg. To Fuzzy Logic Toolbox ™ mapéyet evtorég kou gpyoieion GUI yia tov
oyxedoopd evoc FIS yo pa emBopnt) empdveln edéyyov. To oyedacuévo FIS
umopei otn cvvéxeln va Tpocopolmbel ypnoyonotdviag o pumiok Fuzzy Logic
Controller oto Simulink

Ot un ypOouUIKEG ETPAVEIEG EAEYYOV UTOPOVY GLYVE va Tpoceyylotovy ue Lookup
Tables yio v amlomoinon tov mapayopevoL KOSIKO Kot T PeAtioon g TaydTnTog
extéreonc. o mopadetypa, éva pmiok Fuzzy Logic Controller oto Simulink pmopel
vo avtikataotadel and éva cdvoro Lookup Tables, évav mivako dniadn, yio kaOe
£€€000 mov opiletar oto FIS. To Fuzzy Logic Toolbox mapéyet evioArn émmg to evalfis
Y10, TOV VTOAOYIGUO TV dES0UEVOVY OV Ypnoiomolovvtat oto. Lookup Tables.
Yyedlaotnke Evag un ypaupkds ereykrng PID ywo éva plant oto Simulink. To plant
elvar éva evioio cHotnua €16000v e eviaia €000 og dakpitd ypovo Kot 0 GTOY0G
givon 1 emitevén KooV emdOcE®mV TapaKoAoVONoNC avagopds. [22]

O ocopng €AeyKTG OTNV  GLYKEKPUEVT Tepimtwon, Ppioketoar otov Ppdyo
avaTpoPodOTNoNG Kot vroAoyilel Tig mpdec mov podlovv pe PID péow acagoic

ocvumepacpoV. H dopun tov Bpodyov eppaviletor og €€NG :
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Using Lookup Table to Implement a Fuzzy PID Controller

Copyright {c) 2002-2011 The MathWorks, Inc.

> Plant

Reference

Conventional PID

A 4

> Plant

4
3

Fuzzy PID

» Scope

»(r

> Plant >

>y

Fuzzy PID using Lodkup Table

Zymua 3.19: Aopn Acaeovg EAeykt PID

O acagng ereyktg PID ypnowonotel o mopdAinin doun Ommg aivetot
mapokato. Eivat évag cuvévaoudg acapovg eréyyov PI kot acapoic edéyyov PD.

B Z
E L EZ
z-
/XX\ Discrete-Time Integratar Pl Control
CE Fuzzy Inference System
GU

u
Discrete Derivative PD Contral

Zymua 3.20: Ecotepucn Aopun Acagpovg Eleykrr| PID

Xpnowomoteitar n oAkoyn pétpnong - (Y (K) -y (k-1)), avti n aAlayn tov 6QAAUATOG
e (k) -e (k-1). Xe onuo ovagopdg omd v dueon evepyomoinon g mapdymync
evépyetag. Ot dvo povadeg képdovg, GCE ka1 GCU ypnotpomolovvtal ot d1adpoun
mpo®Onone amd r mwpog u, yw vo eEACEOAICOLV OTL TO ONUO GOEAIALOTOS €
APNOLOTOIEITOL OE OvOLOYIKN dpdiomn Otav 0 acapng eleyktig PID sivan ypoppikoc.
O oyedwopdc evoc acapotg eleyktn PID mepthapfaver t dopdpewon tov
GLGTNUATOG 0GAPOVS GUUTEPUGHOD KOl TOV KOOOPIGUO TOV TEGGAPOV TOPAYOVIMV
Khupdkoong: GE, GCE, GCU ko GU. [22]

O ovppatikdg eheykg PID etvan évag eleyktg PID d1akpitod ypdvov pe v pnéBodo
aplOunTikng orokAnpwong tov Euler mov ypnoiponoteitor 16060 otnv oAOKANpoUEVN
060 Kol otV Topayopevn evépyela. Ta képon tov eheyktn eivan Kp, Ki ko Kd. O
eleykmg viomoteital oto Simulink ¢ €€NG:
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"+ > MLALE:
e z-1

Discrete-Time Integrator

K iz-1
¥

Discrete Derivative

Zyua 3.21: Xoppatikdg Ereyktic PID

[Mopopola pe tov acapr ekeykt) PID, 10 onua €16600v otV Tapdymyn evépyeto
etvan -y (k), avti v e (k). Ta x€pdn tov gheyktn PID pmopodv va cuviovictovv gite
yepokivnta gite pe tn ypnon tHnwv cvvtoviopuov. Me yprion g evioing pidtune
and to Control System Toolbox ™ onuovpyeiton éva apyikd oxédo PID. Me
dwpopemon tov FIS kot v emAoyn Te660pPOV CUVTEAESTOV KAMUAK®ONG,
amoktdrol £vag Ypouukos acapng édeyyog PID mov avamapdyst v akpipn amddoon
eAEYYOV, OTt®G Kavel 0 cupPatikog ereyktng PID. [22]

H xatackevn tov cuotiuatog acagoig eEaywyns counepacpatov ivor n e&ng:

FIS =

newfis('FIS', 'FISType', 'mamdani’, 'AndMethod', 'prod', 'OrMethod’', 'probor',...
"ImplicationMethod’, 'prod', 'AggregationMethod’, "sum');

Opropog erlcdo0v E:

FIS = addvar(FIS, 'input','E',[-10 10]);

FIS = addmf(FIS, 'input',1, 'Negative', 'trimf',[-20 -10 0]);
FIS = addmf(FIS, 'input',1, 'Zero’', 'trimf',[-10 0 10]);

FIS = addmf(FIS, 'input',1, 'Positive’, "trimf',[0 10 20]);

Optcuog glodoov CE:

FIS = addvar(FIS, 'input', 'CE',[-10 10]);

FIS = addmf(FIS, 'input',2, 'Negative', 'trimf',[-20 -10 0]);
FIS = addmf(FIS,'input',2,'Zero','trimf',[—l@ 0 10]);

FIS = addmf(FIS, 'input',2, "Positive’', "trimf',[0 10 20]);

CMncuogs&oSouu

FIS = addvar(FIS, 'output','u’',[-20 20]);

FIS = addmf(FIS, 'output',1, 'LargeNegative', 'trimf',[-20 -20 -20]);
FIS = addmf(FIS,'output',l,'SmallNegative','trimf',[—l@ -10 -10]);
FIS = addmf(FIS, 'output',1, 'Zero', "trimf',[0 0@ 0]);

FIS = addmf(FIS, 'output',1, 'SmallPositive', 'trimf',[10 10 10]);
FIS = addmf(FIS, 'output',1, 'LargePositive’, "trimf',[20 20 20]);

Opiopog Kavovov:
1. EAN E etvar Apyntikd KAI cE givar Apvntcd TOTE v etvan -20
2. EAN E givar Apyntikd KAI ck givan Mnoév TOTE  u givon -10

3. EAN E etvan Apvntikd KAI ck eivan Oeticd TOTE  u givor O
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4, EAN E givou Mnoév KAI ck givar Apvntikd TOTE  u givon -10
5. EAN E eivou Mnoév KAI ck etvar Mnoév TOTE  u givon O
6. EAN E eivou Mnoév KAI ck etvar O@etiké TOTE  u givon 10
7. EAN E eivan ®gtikd KAI ck givar Apvntikd TOTE u givon O
8. EAN E eivon Oetikd KAI cE eivou Mnoév TOTE  u givon 10
9. EAN E eivon ®etikd KAI cE eivan Ogtikd TOTE  u elvan 20
ruleList = [1 11 1 1;. % Rule 1

12211;. % Rule 2

13311;. % Rule 3

21211; % Rule 4

22311, % Rule 5

23411;. % Rule 6

31311;... % Rule 7

32411;... % Rule 8

33511]; % Rule 9
FIS = addrule(FIS,rulelList);

[22]

> ovvéyela, mpocdiopilovrat ot cvvtereotég GE, GCE, GCU kot GU and to képon
Kp, Ki, Kd mov ypnotponoodvrar amd tov supfoticd ereykt PID. Zvykpivoviog Tig
exQpaocelg tov mapadocstakod PID kat tov ypoupikov acagovg PID, ot petafAntéc
oyetilovtar og e&€ng:

e Kp=GCU=*GCE+GU=*GE
e Ki=GCU*GE
e Kd=GU*GCE

To péyloto Prpa avaeopds eivar 1, pe 1o péyioto cedipa € va eivar 1. Aedopévov 01t
N meployn €1660ov tov E givon [-10 10], kaBopiletor mpodta to GE ota 10. Ot GCE,
GCU ka1 GCU o1 cvvéyeta Abvovtar omd Ti¢ Tapandve eEionoets. [22]

° GE =10;

o GCE = GE*(Kp-sqrt(Kp"2-4*Ki*Kd))/2/Ki;
o GCU = Ki/GE;

. GU = Kd/GCE;

Mo v g@appoyn Tov GLOTHUATOS TO UTAOK AcAPOVS EAEYKTY £xel dVO €166d0v¢ (E
kot CE) kot pia €é£0d0 (u) mov umopei va avtikataotadei and évav 2-D lookup table.
O lookup table 2-D ywa 1o FIS dnuovpyeitar pe ™ omovpyio Bpdyov péca amd to
oOUTAEY O 16000V Kot TOV VITOAOYIGUO TG €£660V pe TV evioln evalfis. [22]
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Step = 10; % use 3 break points for both E and CE inputs
E = -10:Step:10;
CE = -10:Step:10;
N = length(E);
LookUpTableData = zeros(N);
for i=1:N
for j=1:N
% compute output u for each combination of break points
LookUpTableData(i,j) = evalfis([E(i) CE(j)],FIS);
end
end

Feed Forward

2D T(u)

Pl Control
Discrete-Time Integrator

K (z-1) CE
Tsz -cy GU

Discrete Derivative FD Contral

FI5 using Lookup Table

Yynuoa 3.22: O acagng eleyktng PID mov ypnowomotei 2-D Lookup Table

Otov n emdveln eEAEyyov elvar ypoppukn Ommg Mon oxedldotnKe mopondve, o
acoeng eieyktng PID ypnowomowdvtag tov 2-D lookup table mpémer va moapdyet
akpfdg to 1010 omotéAecpo pe avtd mov ypnowonolel to block fuzzy logic
controller.

210 povtédo Simulink, ypnoyomoovvtor Tpio S1APOPETIKE VTOGLGTHHATO, ONANON
10 ovpPatikd PID, 1o Fuzzy PID kot to Fuzzy PID ypnowomowdvrag Lookup Table,
Y Tov €Aeyyo g 10wc povadag. Ot amokpicelg kAelotod Ppdyov oe o oAdayn
avaeopds Pnudtov gpeavifovtol 6to medio papproyng Kot etvar akpiPmg ideg (Tpetg
KOUTOAEG AmOKPLoNG OOV aAANAemKaAvTTOVTOL). [22]

3.2 Egappoyn Lookup table yia Elieyt) Fuzzy kou cvoyétion pe tov eleykti
PID

Me gpappoyn tov PID ,ypnoponoidvoc Lookup Table, viomombnke 10 mopokdtm
GUGTN LA
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J—V

E + r Pneumatic Actustor
. u

Step

> x -
A B D=8 A
H Pipe 1 Orifice A Poskon(m)
H Ry
4 H
FRRY S—-L= 8
b - cf
H T Pipe 2 Orifice B
Directional 5-way o Double-acting .
i e v Y - S
. Pressure & Messure ST

temperature B pand T1

T Atmospheric
Reference

Zyua 3.23: IMvevpotued Zootpa pe edeykt PID ypnotponowdvrog Lookup Table

O¢tovtag oe Aertovpyia to sllookuptable, pe ypdvo mpocopoimong 12 sec, ko
epapuodlovtag tov ereyktn PID pe ypnon Lookup Table oto mvevpotikd cvothpa pe
xPOVO Tpocopoimong 2 SeC Ta amoTEAEGLOT Elval Ta ENG:

Workspace

Mame - WValue

Clfs Ix7 pid

(@] Co Ix7 pid
CE Tx2 1 dowbie
E T2 dowbie
FIS TxT struct
GCE 3.4285
GCuU 2.8631
GE 10
G 2.0138
i 21
1] 21
Kd 5,904
Ki 28.6308
Kp 299537
LoocklpTableData 2127 dowubis
[} 21
Plant TxT zpk
ruleList x5 dowble
ScopeDatad TxT struct
Step 1
tout T000x T doubile
Ts 0. 1000

Zymua 3.24: Anoteréopata Workspace
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G
Time (seconds)

Yymua 3.25: I'pagikr] Aneikovion cvotuatog pe eleyktn PID ypnoipomoiwvrog
Lookup Table

Keodrorw 4: Aroteléopoto kar Mellovrikn ‘Epsvva

4.1 Zoykpion amwoterecpnatov pefodwmv eLEYY 0V

Aoppavovtog o aroTeAEcUATO TOV ATOKPIGEMY TOV GUGTLOTOG, YPTOOTOIDVTOG
og neBddoLG ELeyxov TOV AVOAOYIKO EAEYKTT, Tov AVOAOYIKO-OAOKANP®OTIKO EAEYKTN,
oV AvoAoYiKO-OAOKANpOTIKO-Al0@opikd €AeYKT, Kot TOV AVOAOYIKO —Alapopikod
eLeYKN TPOEKLY OV TOL AKOAOLOO GLUTEPAGLOTOL:

Mg ™ gpnomn tov Avoroywkod gleyktn (P), To Tvevpatikd cdoTo dpd Ypryopo Kot
TPOcPEPEL TO eMBLUNTO amotélecpa. QoTOC0, 0 AVAAOYIKOG EAEYKTNG dev Bempeitat
W00VIKOG Y10 VYNAEG OaTGELS EQOPUOYDV, KOOMOS 1 amddocn Tov vITd TNV midpaon
oV QopTiov dev TpoPAéneTar Aueca. AvTd £xel G avtiktumo va unv gival og Béon va
avtipetoniost Thaveg dtotapayés. [17]

Me ) ypnon tov Avaroyukov-OrokAnpotikod ereyktn (PI) to mvevpotikd cvotnua
opd ypnyopa Kot mpooeEpel to emBountd amotédecpua. 2ot6G0 0 OAOKANPMTIKOS
eleykm I, o omolog evioyvel T ovveyr OLVAUN TOL EVEPYEITOL GTO TVELUATIKO
éuPoro, mpokoAiel TV un otabepomoincm TOV  GLOTAUATOG Kol  OMUOVPYEL
tolovtooels. o avtd 10 AO0Y0, 0 Avaroyikds-OMokANpwTIKOG €AEYKTNG OgV
Bempeiton katdAAnrog, yio o cvuykekpiuévo meipapa. [17],[18],[19],[20]

Me ™ ypnon tov Avaloyikov-OlokAnpwtikov-Atapopikov eieykty (PID) 1o
TVELUATIKO GUOTNUO OPA AUECH KOl TPOGPEPEL TO EMBLUNTO AMOTEAEGLA. XAPN GTOV
oAoKANpOTIKO eleyKtn |, 0 omolog evioyvel T cvveyn dVVOUN TOL EvePYEITOL GTO
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TvevpaTikd EUPoro, avtd TPOoKOAAEl TNV Un oTafepomoinon TOL GLGTHUATOG KOl
onuovpyet taloviooelc. [lapolo mov 0 SPOPIKOC EAEYKTNG MEUDVEL TNV
VIEPOY MG, GTO GOVOAO TOV O aVOAOYIKOG-OAOKANPOTIKOG-O10p0PIKOC EAEYKTNG dEV
givan 18avikdg yo pun ypoppkd ovotiuata. [17],[18],[19],[20]

Me 1 xpnon tov Avaroyikov-Atapopikod edeyktn (PD), to mvevpotikd cvotnuo dpd
dueca, kot dbétel vymAn akpifela Béonc. Ipoceépel to embBountd omotéAespa,
Yopig vo onuovpyeitan vrepvywon. ‘Epgvuveg €xovv amodeier 6t 0 avaloyikdc-
SPOPIKOG EAEYKTNG TPOCSOEPEL TNV KAADTEPT 0OO00T GE U YPOLULUKO GUGTHHOTA.
[17].[18],[19],[20],

Me 1 ypnion tov Lookup table yio v gpapupoyn tov EAeytr Fuzzy, emrebhybnke 10
emBountd OamOTEAEGUN, ®OCTOCO TO TMVELHOTIKO OVOTNUO €iye mo omdToun
GLUTEPLPOPE, Kot £QTAcE TNV emMOLUNTH TN O OPYE GE GYECN LE TIS TOPOTAVED
pneBdo0vG EAEYYOV.

Yvvoyilovtog, damiotddnke 0tL 0 Avaroyikog-Atopopikog eheyktg (PD) mpoceépet
v PBéATIoT 0mdS00T GTO UN YPOUUIKO GUGTNUO TNG GLYKEKPUUEVNG UEAETNG, KOt
Bewpeitan n MO ETOEEANG AVOT TOCO GE MPOAKTIKO OGO Kol 6 PAONUATIKO EMimEdO
pumopel yio tov cotd Ereyyo BEong Tov TveELHOTIKOL EUPOLOVL.

4.2 Merhovtikég Bedtictomomosig

Mia mBavn Pertioon tov cvotipatog Bo pmopovce va emtevydel pe T yprion evog
[pappikod MetafAntod Awagopikod Metaoynuatioty (Linear Variable Differential
Transformer—-LVDT). Zwnv mpaypotikotnta sivar évog aicbnmpog puétpnong g
ypoppkng petatodmons. To €0pog Tv PETPOOUEVOV HETOTOTICEDV OVAAOYQ LE TO
eldog tov LVDT xor v epoppoyn wvpaivetor omd 0,1mm €wg 1000mm. Ot
YPOUUIKOL PHETOPANTOL S10pOopIKol HETACYNUATIOTEG Eivan dpyava PEYIANG akpifetog
Kot Topovcstdlovv pkpod cedaipa (£0.5%), emedn o mupnvag tovg dev Ppioketal 6e
EMOLPT LE TO TNVIQ, LE OMOTEAECO VO, DITAPYEL TTOAD LUIKPN UNYaviKY] TpiPn] ko eBopd.
[Top’ 6Aa ta mieovektnpoata tovg to. LVDT elvan 6pyava mov ypnoyorotodvtor yio
™V HETPNON WKPAOV UETATOTIGE®V, €ivol apkeTd gvaicOnta ko exnpedlovrol and
TOVG Kpadaopovg kat v Oeppokpacio. [23]

o
>
s

-
/}’/
A

G

Eynuo 4.1 Tpoppikds MetafiAntdc Atoapopikdc MetooynUatiotg

H 61dtaén amoteleiton amd tpio mnvia, £vo TPOTEVOV Kol dVO OELTEPELOVTA, GTO
KEVTPO TOV TPMTEHOV Ppicketal £vag mupnvag omd LoAAKO HayvnTIKO VAKO (LoAoko
oidonpo, apopeo cvpua FeSIB k.a.). To mpotevov Tpo@odoteital ue EVOAAAGGOUEV
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VYNANG CLYVOTNTOG TAOT KOl TO OEVLTEPEVOVTA GLVOLOVTOAL GE GEPA KOl UE ovTifeTn
moAkodtTNTOL Oty 0 poryvnTikog mopnvog Ppioketol 6to KEVTPO, AOY® GLUUETPIOG Ot
TdoeIC OV EMAYOVTOL OTO. OgVTEPELOVTO Tvial givol 1oec Kot Aoy cuvvocovTol
avtifeta, 1 £6000¢ elvar unoév. H petaxivinon tov muprva dnovpyet éva onua (
EVOALOOOOUEVT TAOT ) 6TV ££000 OV TO TAATOG TOL £ivail AVAAOYO TNG LETATOTIONG
Ko n @don Tov deiyvel Ty katevBuvon g kivinong. [24]

Yyuo 4.2: Adroén LVDT

Hydraulic hose

End fitting

Piston

Piston rod

Sensor cable

Sensor inside

[ steel housing
Allen wrench modified

wislot for cable

Yynuo 4.3: Ecotepkn ooun AwoOnmpiov LVDT

O I'pappuxodg Metafintog Awagopikdg Metaoynpatiotig Ppiokel TOAAES EQAPUOYES
670 Y®PO NG Prounyaviog eortiog TV TAEOVEKTNUAT®V TOL TPOGPEPEL 1) XPNON TOV.
[T ovykekpyéva o LVDT ypnowonoteitan:

["a tov €éAeyyo g o1aBuUNng vepol og éva doyeio.

Xe unyoavovpyeia.

2N POUTOTIKN.

g GLOTNUATO LETPNONG dVVAUNG, TECNG KOL EMTAYVVOTS.

IMa tov éleyyo g 0EoMGC VIPAVAKAOV KOl TVEVUATIKAOV EUPOA®V.

0O O O O O O

["a tov €éheyyo g Kivnong yepovov [25]
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ABSTRACT

In light of the rapid rates of technology
development in our times, there has been a
continuous  effort to introduce  everyday
technological advances in order to cover better and
easier human needs. Especially in the sector of
research and applications, the need for simulation
programs was seen as offering security to errors,
reduce costs and they are accessible to use by
professionals and higher education students. This
thesis will present the study of control methods’s
application for pneumatic system in simulation
environment. In addition, it will analyze and
describe the operation of the pneumatic system and
all the testing methods used in it. The object of the
study, which comes with MSc, since it deals with
modern automation technology applications, will try
to cover questions such as whether these control
methods are appropriate and effective for the
pneumatic system which is studied, and especially
how effective it is the use of a Lookup table to
Implement  Fuzzy Controller (Fuzzy) with
Proportional-Integral-Derivative Controller (PID).
For the use of this Lookup table in the pneumatic
system of the present study, results have not been
extracted to date. These two events are the main
purpose of this thesis, in an attempt to perform
control of the system on the applications above. The
main part of the study will explain the design of the
system as well as the type of controllers and the
Lookup table. The way of connecting and operating
among the pneumatic system, the control methods
and the Lookup table, in the simulation environment
will be presented in detail, while all this will emerge
the conclusions of use specific control methods, the
advantages and disadvantages will be discussed and
both will be proposed optimizations to further
expanding benefits of their operation. As a possible
result of using these methods will occur to achieve
the optimal and efficient control of the system.
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1. INTRODUCTION

Based on the rapid growth of technology, a
perpetual effort has been made to bring
technological breakthroughs into everyday life so
that human needs are met in the best possible way.
More specifically, in the field of industry, research
and applications, the need for simulation programs
was observed, because they are safe for potential
errors, minimize costs and are fairly affordable in
terms of both professionals and higher education
students. This paper will present the study of the
application of pneumatic control methods in a
simulation environment. In addition, the function of
the mental system being studied, as well as all the
control methods used in it, will be analyzed and
described. The subject of the study will attempt to
answer questions such as whether the specific
control methods are appropriate and effective for the
particular mental system, and most importantly how
efficient is the use of a Fuzzy Matching
Proportional -Integral-Derivative Controller (PID).

1.1 Controllers

Proportional Controller (P)

A Proportional (P) Controller (Proportional Control)
gives the signal output corresponding to the error
received at the input. In essence, it is a gain
amplification device with KR gain. A Proportional
Controller increases the response rate of the system,
but it is likely to create a permanent state error
depending on the system type, and for zero error it
will also have zero output. [15]

Integral Controller (I)

Integral Controller 1 (Integral Control) gives the
output a signal Proportional out to the integrity of
the error it receives at the input. Also contains Ki
parameter, which has a unit of measurement of 1 sec
and is called an integration factor. Each system
using the integral controller I, from one system has
been converted to another system where the value of
the integration coefficient is similar to a physical
frequency of the system. As the integration
coefficient increases, the physical frequency of the
system increases, resulting in a faster response of
the system and a decrease in the depreciation factor.
[15]
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Derivative Controller (D)

Derivative Control D (Derivative Control) when at
the input of the error signal is in the form of step
excitation, the output of the controller is the impulse
function with a theoretically infinite width for t = 0.
If the error is stable then the output of the
Derivative controller is zero. The Derivative
Controller limits the error to the permanent state at
the stage of the transient response of the systems,
but in practice it is never used by itself. [15]

Proportional - Integral Controller (PI)

The Proportional-Integral (Pl Controller)sums up
the proportional and total control. The use of the
integration term is intended to eliminate the error in
the permanent state and change the DC gain of the
system. The Proportional ue term improves the
stability of the system and increases the response
rate. [15]

Proportional - Derivative Controller (PD)

The Proportional - Derivative (PD) Controller
combines the Proportional ue and the Derivative
Controller cumulatively. A Proportional-Derivative
Controller (PD) controller increases system
damping and limits its elevation, but does not
directly reduce the permanent error. Using
thederivative term D, results increased system
damping, allowing for an increase in the
proportional gain, thus improving the permanent
state error and increasing the system response rate.
In practice, the Proportional - Derivative Controller
due to derivative D causes amplification of the noise
that may occur in the system response, so it is likely
to cause problems in cases where there are abrupt
changes in the reference signal because the
Derivative D to produce output in impact form.
[15]

Proportional — Integral- Derivative Controller
(PID)

The popularity of the Proportional-Integral-
Derivative Controller is primarily due to its very
good behavior in contrast to a wide range of
operating conditions and secondly its relative
simplicity which offers easy and reliable handling.
Proportional -Integral- Derivative control combines
the effect of the three basic control conditions. The
PID control connection is shown in the figure
below. [15]

Ti(s)
—

Fig 1: Block Diagram of Proportional -Integral-
Derivative Controller

Several industrial-type processes are controlled by
the use of PID controllers. The PID proportional-
integral Derivative controller has the best overall
performance because the system displays a fast
response, zero overhead and zero permanent error.
To implement such a controller, an appropriate
selection of the three parameters of proportional
gain, total factor, and Derivative factor should be
designed so that the closed loop system has the
advantages of all of the controllers associated with
the PID controller. In fact, the more difficult to
design the particular controller is to give the
appropriate values to Kp, Kd and Ki so that one
does not adversely affect the other's function. [15]

1.2 Fuzzy Logi

Fuzzy logic is primarily used in machine control.
The term "Fuzzy" is given to capture the notion that
cannot be attributed to the expressions of truth or lie
or even the expression of a lie in part. However,
there are alternative suggestions such as Genetic
Algorithms and Neural Networks that can perform
and function as well as Fuzzy Logic. Also, Fuzzy
logic has the advantage of solving problems that
cost a lot to humans. With man's experience of
Fuzzy logic, he is able to design and build
controllers to help him more easily deal with
mechanisms he already owns or even create hew
ones.

Fuzzy logic is used in many computer programs, in
satellite systems, in three-phase motors, and in
many other applications. Fuzzy logic is an extension
of the classical logic of aristocracy. A suggestion
may be true "to a certain degree of truth,” and not
just true or false, that is, the vague logic says things
are often not "white-black" but "shades of gray".
This idea revolutionized logic theory as it escaped
from the 2500-year model, the "0-1" model, "true-
false." The way science works require proposals that
are either true or false. However, the mode of
human logic does not set limits between truth and
false accuracy. The first to deal with Fuzzy logic is
Lotfi A. Zadeh in 1965. [8]
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1.3 Fuzzy Controllers

Fuzzy controllers are discrete time systems and are
characterized by intense non-linearity. Instead, the
controllers used in most cases of automated control
are usually discrete or continuous and are mainly
linear. In both cases the inputs are the error of the
output of the controlled system with the reference
input and the characteristics of this error, such as the
change and the rate of change. The output of
Fuzzyand linear controllers may be the control
signal or the increment of this signal, depending on
the form of the controller. [8]

The main disadvantage of Fuzzy controllers is the
large number of parameters that need to be adjusted
to meet the criteria set in each case for the desired
response of the audited system. Finding the field of
Fuzzy variables, the form of the participation
functions of the Fuzzy sets, the choice of the
deduction mechanism and the operators used by the
Fuzzy logic, the design of the Fuzzy rule base, the
determination of the possible scaling gains the
controller can have, the choice of sampling time and
a number of other parameters make the process of
tuning the Fuzzy Controller a time-consuming and
difficult process. [8]

Additionally, the lack of a complete theoretical and
mathematical background for the proper adjustment
of these parameters makes the vague control a
process that is primarily based on testing and error
attempts. The above-mentioned observations have
high criticism of the use of Fuzzy logic over system
control in relation to the simplicity of linear control.
Linear control requires a maximum of three profits,
and there are several mathematical tools available
that are able to provide a complete theoretical
approach to the problem. [8]

The non-linearity of Fuzzy controllers raises
concerns about the stability of Fuzzy control
systems in practical applications. However, some
steps have been taken to address the FLC's stability
problem using non-linear systems theory. From the
techniques developed a few relate to the use of
Lyapynov's direct method to determine conditions
for the general stability of systems under ambiguous
control, the existence of conditions for the absolute
stability of Fuzzy control systems or the application
of the Popov criterion for Fuzzy control of
continuous systems time and disc criterion for
discrete system control. However, most of these
techniques are based on conditions and assumptions
that are difficult to meet in the real world.
Therefore, the stability of Fuzzy controllers is an
open problem. [8]

The main building blocks of a Fuzzy Controller are:

e The knowledge base where the if-then
rules are stored to control the process.

e  Fuzzy sets are used to represent the input
and output variables with verbal terms.

e The fuzzifier converts the actual input
values into Fuzzy sets

e The inference engine processes the Fuzzy
outputs and uses the knowledge base to
extract the Fuzzy sets of conclusions.

e  The defuzzifier converts the conclusions
drawn by the deduction mechanism into
real numbers so that the control action can
be transmitted to the process. [8]

Knowledge Base

Rule Base Data Base

Y

Fuzzification Decision-making

\ 4

Defuzzification

Output

Input

deft)

o | Inerface d Unit Interface
| _f

Fig 2: Block Diagram of Fuzzy Controller

In a Fuzzy Controller the inputs are signals and the
designer of a Fuzzy Controller has to do the
following steps:

1. Verbal distribution of inputs: The designer
must represent the input and output
variables with the terms.

2. Formulation of rules: After allocating
inputs and outputs, vague sets are stored
in the form of computer participation
functions, followed by the wording of the
rules.

3. Definition of the type of Fuzzy
implication: Following the formulation of
the rules follows the definition of the
Fuzzy type of implication. The most
common types of Fuzzy implications are:

a) of Mamdani, which uses the max-
min operator, which receives the
smallest of the participation rates of
the undefined values and produces
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the degree of fulfillment of each rule.
The degree of fulfillment of the rule
expresses the gravity of the effect of
the rule.

b) of Larsen, which uses the max-
product operator, which multiplies
the participation rates of the
undefined values and calculates the
degree of fulfillment of the rule. [8]

4.  De-imprecision; De-imprecisionproduce a
strict or crisp value from a Fuzzy set. It is
the opposite process of deciphering. De-
phasing methods are:

e  Centroid defuzzycation or center of area
or COA, the center of weight distribution
of the Fuzzy set of output is calculated:

e Average Mean of Maxima (MOM) is
calculated by averaging the highest exit
prices:

e  Smallest of maxima or SOM is calculated
from the highest exit values that have the
lowest degree of participation.

e Higher than maximum (Largest of
maxima or LOM) de-falsification, it is
calculated from the highest exit values
that have the highest degree of
participation. [8]

e  The method commonly used is Centroid
or COA deinter leaving because of its
ability to display the smallest error in
relation to the other methods. Zadeh, with
his book "Fuzzy Sets" in 1965, presented
the theory of Fuzzy set theory, with which
a price can belong simultaneously to
many subsets, each with a degree of
participation. Such a subset is the Fuzzy
set, which includes elements, each of
which has a degree of involvement. [8]

1.4 Fuzzy Rules
An if-then rule is in its simplest form:
"If xis Athenyis B"

where the section "If x is A" is the premise part and
the section "then y is B" is the decision-making or
consequent part.

Fuzzy rules are hypothetical proposals and are the
main building blocks of conclusions. For the sake of
understanding it is sufficient to interpret the
elements of the above rule:

e A, B are the fuzzy sets that come together,

e X is the value of an input variable which
takes a degree of participation in the fuzzy
set A (fuzzyfication process)

e vy is the output of the system which is
derived from an inference engine in an
Fuzzy form and states the decision of the
rule.

The vague conclusion is then de-falsified by the
defuzzification mechanism so that a clear figure is
finally obtained.

In the case of more than one input x1, X2, X3, ...xn
the rules are as follows:

If x1is Al and x2 is A2 and ...xn is An then y is B

Then there may be more than one output. [8]

1.5 Fuzzy Logic Systems

Fuzzy Logic Systems vary according to the forms a
rule can take. The most famous of these forms are:

e Mamdani press: is the form mentioned
above, ie "If x is A then y is B", and was
named in honor of Ebrahim Mamdani,
who was one of the first to apply Fuzzy
Logic. Exits of rules of this form are
vague sets.

e  Sugeno - Takagi type: is a rule of the form
"If x is A then y is c", where ¢ is a number
or a crisp fuzzy set.

e  Takagi - Sugeno - Kang or T-S-K type: is
an extension of the previous rule and is
one of the main types of fuzzy rule used in
many Fuzzy systems. It has the form "If x
is A then y is c0 + ¢l x", where ¢0, cl €
R. The outputs of rules of this form are
functions of the inputs. [8]

2.1 Simulation applications

Simulation as a technique to represent the behavior
of a system by another system has a high place in
educational applications. Simulation is defined as a
method of studying a system with the help of
another system. Simulation is a representation that
is designed to mimic and allow understanding of the
operation of a system. The simulation system results
in familiarity with the features and understanding of
the functions of the system it represents.
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The simulation system is often a "running" model
on a computer, and in this way the user does not
have to perform his experiments on the actual
system he is studying but on the corresponding
program through his computer. The aim of a
simulation system is to study and experiment with
various kinds of systems (to which access is mostly
not possible). Users handle the components of the
system in a completely interactive way, such as
simulating the handling of a warship.

The need for simulation first appeared in the field of
scientific research as a technique of studying the
effects of an action on a phenomenon without
requiring intervention in the phenomenon itself.
Simulations are used to explore and understand
principles of operation of many technological,
physical and social processes. [1]

Types of simulations:
Those who simulate something

a) physical simulation, in which a natural
phenomenon is represented by the
computing system allowing the user to
understand information about it when
handling some variables

b) iterative simulation, in which the user
executes the program sequentially and
selects different values for each parameter

Those who show how to do something:

c) procedural simulation, which aims to
teach a sequence of procedures to achieve
a goal

d) simulation of a situation in which the user
explores alternative paths in a system in
order to understand their effects. [1]

2.2 Simulation benefits

e It is the only approach to solving
problems related to the operation of an
inaccessible system

e  Compared to handling the actual system,
it has lower costs

e Provides  greater  “sensitivity"  to
understanding the relationship between
problems

e It is a safe method in contrast to many of
the real experiments

e |t offers the possibility of repeating the
same phenomenon whenever the user
wishes

e It has the possibility of integrated insight
into the system under study from all sides

(3]

2.3 Simulation disadvantages

e  Sometimes it takes a lot of time to grow
and cost a lot

e In some cases it may not be the most
appropriate method of solving the
problem being studied

e It is not in a position to guarantee that it
will lead to the best possible solution to
the problem

e It is not certain that it reflects with
absolute precision the situation under
study [1]

2.2 Introduction to Simulink

Simulink is a valuable tool in Matlab that can
simulate systems from a wide range of scientific
areas. Its use does not necessitate the knowledge of
Matlab, this knowledge is an important advantage
because it offers the possibility of more efficient use
of it. One of the most important advantages of
simulink is its simplicity as it provides the user with
many possibilities. [4] In Simulink, systems are
drawn as block diagrams. It offers a great variety of
elements of block diagrams, for example summing
junctions, transfer functions, and many others. It
also provides virtual input and output devices such
as function generators. Because of the combination
with MATLAB, Simulink’s data can be
transferedvery easily, between the programs.

The simulink can be activated by typing the
simulink command in the Matlab Command
Window or by clicking left in the menu in the menu
bar on the top left. Once this is done, a window
called Simulink Library Browser will open. The
libraries for various applications are shown in the
left pane. Each library consists of smaller ones and
each of them has a number of blocks, which are
displayed in the right part of the window. These
libraries cover a wide range of applications, but the
following analysis will only be found in the
Simulink library. [4]

To open a new simulink file or an existing one, the
windows shortcuts are used in the menu bar at the
top left in the Simulink Library Browser window.
To add a block to the new file from the Simulink
Library Browser window, it is simply dragged from
the window to the file, in the same way as in
windows that are moving files from one window to
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another. To make the transfer another way, right
click on the block and the menu that will appear,
select 'add to untitled'. Once a block has been placed
in the new file, double-clicking on it opens a
window with its settings. Each block has different
properties that are discussed below. Also, by right
clicking on

the block, a menu appears. Selecting Help will show
detailed help for this. [4]

2.3  Lookup

Controller

A Fuzzy Inference System (FIS) , maps out given
inputs to outputs using Fuzzy logic. For example, a
standard assignment of a Fuzzytwo-input controller
can be depicted in a 3-D display. The graph is often
referred to, as the control surface graph as shown
below. [9]

Table  FuzzyPID

Control Action

Change of Ermor

Error

Fig 3: Control Panel Graph

The typical FIS inputs are error signals (e (k)) and
error’s change (e (k) -e (k-1)). The FIS output is the
control action resulting from the Fuzzy rules. The
Fuzzy Logic Toolbox ™ provides GUI commands
and tools to design a FIS for a desired control
surface. The designed FIS can then be simulated
using the FuzzyLogic Controller block in Simulink.
Nonlinear control surfaces can often be accessed
with Lookup Tables to simplify the generated code
and improve execution speed. For example, a Fuzzy
Logic Controller block in Simulink can be replaced
by a set of Lookup Tables, a table, for each output
defined in the FIS. The Fuzzy Logic Toolbox
provides a command like evalfis to calculate the
data used in the Lookup Tables.

A non-linear PID controller for a plant in Simulink
was designed. The plant is a single entry system
with single output at discrete time and the goal is to
achieve good benchmarking performance. [9]

The Fuzzy Controller in this case is in the feedback
loop and calculates PID-like operations through an

inconclusive conclusion. The structure of the loop
appears are the following

Using Lookup Table to Implement a Fuzzy PID Controller

Copyright (c) 2002-2011 The MathWorks, Inc.

'
R —> )
eference y
P

u Plant

y

Fuzzy PID wsing Lockup Teble

Fig 4: FuzzyPID Controller Structure

The FuzzyPID controller uses a parallel structure as
shown below. It is a combination of FuzzyPI control
and FuzzyPD control.
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Fig 5: Internal FuzzyPID Controller Internal
Structure

The change of measurement - (y (k) -y (k-1)) is used
instead of the change of error e (k) -e (k-1). In
reference signal, direct activation of the derivative
energy. The two gain units, GCE and GCU, are used
in the forwarding path from r to u to ensure that the
error signal e is used in Proportional ue action when
the FuzzyPID controller is linear.

The design of a FuzzyPID controller involves
defining the Fuzzyconjecture system and
determining the four scaling factors: GE, GCE,
GCU and GU. [9]

The conventional PID controller is a discrete time
PID controller with the Euler numerical integration
method used in both integrated and generated
energy. The gains of the controller are Kp, Ki and
Kd. The controller is implemented in Simulink are
the following
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Dot e

Fig 6: Conventional PID Controller

Similar to the FuzzyPID controller, the input signal
in the derivative action is -y (k) instead of e (k). The
gains of the PID controller can be tuned either
manually or using coordinate types. By using the
pidtune command from the Control System Toolbox
™ an original PID is created. By configuring the
FIS and selecting four scaling factors, a linear
FuzzyPID control is obtained that reproduces the
exact control performance, as the conventional PID
controller does. [9]

The construction of the Fuzzyconclusion deduction
system is the following

FIS=newfis('FIS','FISType','mamdani', AndMethod’,
‘prod','OrMethod’,'probor’,...
‘ImplicationMethod','prod’,'AggregationMethod','su
m’);

Set input E:

FIS = addvar(FIS,'input','E',[-10 10]);

FIS = addmf(FIS,'input’,1,'Negative','trimf',[-20 -10
0);

FIS = addmf(FIS,'input',1,'Zero’,'trimf',[-10 0 10]);
FIS = addmf(FIS,'input',1,'Positive’,'trimf,[0 10
20]);

Set input CE:

FIS = addvar(FIS,'input','CE',[-10 10]);

FIS = addmf(FIS,'input',2,'Negative','trimf',[-20 -10
01);

FIS = addmf(FIS,'input',2,'Zero’,'trimf',[-10 0 10]);
FIS = addmf(FIS,'input',2,'Positive’,'trimf,[0 10
20]);

Set output u:

FIS = addvar(FIS,'output’,'u’,[-20 20]);

FIS = addmf(FIS,'output',1,'LargeNegative’,'trimf',[-
20 -20 -20]);

FIS = addmf(FIS,'output’,1,'SmallNegative','trimf',[-
10 -10 -10]);

FIS = addmf(FIS,'output',1,'Zero’,'trimf',[0 0 O]);

FIS =
addmf(FIS,'output',1,'SmallPositive’,'trimf,[10 10
10]);

FIS =
addmf(FIS,'output',1,'LargePositive’,'trimf',[20 20
20]);

Set rules:

1. IFEis Negative AND CE is Negative
THEN u is-20

2. IF Eis Negative AND CEis Zero
THEN wuis-10

3. IF Eis Negative AND CEis Positive
THEN wuisO

4. IF Eis Zero AND CEis Negative
THEN wuis-10

5. IF Eis Zero AND CEis Zero THEN
uis0

6. IF Eis Zero AND CEis Positive
THEN wuis10

7. IF Eis Positive AND CEis Negative
THEN wuisO

8. IF EIis Positive AND CEis Zero
THEN uis10

9. IF Eis Positive AND CEis Positive
THEN wuis20

ruleList=[11111;... %Rulel
12211;.. %Rule2
13311;... %Rule3
21211;.. %Rule4
22311;.. %Rule5
23411;.. %Rule6
31311;... %Rule7
32411;... %Rule8
33511]; %Rule9

FIS = addrule(FIS,ruleList);
[l

Then the GE, GCE, GCU and GU coefficients are
determined from the Kp, Ki, Kd gains used by the
conventional PID controller. By comparing the
expressions of the traditional PID and the linear
FuzzyPID, the variables are related are the
following

e Kp=GCU=*GCE+GU *GE

e Ki=GCU*GE

e Kd=GU*GCE
The maximum reference step is 1, with the
maximum error e being 1. Given that the input area
of E is [-10 10], first determine the GE at 10. GCE,

GCU and GCU are then solved by the above
equations [9]

. GE = 10;
GCE =

A*KI*Kd))/2/Ki;
GCU = Ki/GE;

. GU = Kd/GCE;

GE*(Kp-sqrt(Kp”~2-
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To implement the system, the Fuzzy Controller has
two inputs (E and CE) and one output (u) that can

N

be replaced by a 2-D lookup table. The lookup table M erRe
2-D for FIS is created by creating a loop through the
input cluster and calculating the output with the
evalfis command. [9]
=y

Step = 10; ==, =
E =-10:Step:10; — —
CE = -10:Step:10; 1] < ﬂ
N = length(E); i P I
LookUpTableData = zeros(N); ] i )
fori=1:N T =2 omes __i .
for j=1:N i pandosi
LookUpTableData(i,j) = evalfis([E(i) CE(j)],FIS); e I e
end b ot
end Reference

Fig 8: Pneumatic System with a PID controller

i heio using the Lookup Table

1y
Running the sllookuptable, with a simulation time

of 12 seconds, and applying the PID controller using
the Lookup Table to the pneumatic system with a
simulation time of 2 seconds, the results are the

following
e Devi Rilkril Workspace
FI3usng Locky T Mame Vvalue
Fig 7: The FuzzyPID controller that uses the 2-D & C Ixl pid
Lookup Table @] Co Ix7 pid
CE 1227 dowbie
E Tx27 dowbile
. . FIS Tx7 struct
Wh_en the control surface is linear as glready GEE 34085
designed above, the FuzzyPID controller using the Geu 3 8631
2-D lookup table must produce exactly the same GE 10
result as the block Fuzzylogic controller uses. In the GuU 20138
Simulink model, three different subsystems, namely i 21
PID, FuzzyPID and FuzzyPID, are used using the i 21
Lookup Table to control the same unit. Closed loop Kd 6.90:11
responses to a step change appear in the scope and Ki 28.8308
are exactly the same (three response curves Kp 28,9537
overlapping). [9] LocklUpTableData 2127 double
I 21
Plant IxT =zpk
ruleList w5 dowble
2.2 Application of Lookup table for ScopeDatad IxT struct
Fuzzy controller and correlation rep 00T doubie
with PID controller Ts 0.1000

. . Fig 9: Workspace Results
By using the PID, using the Lookup Table, are the

following system was implemented.
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Fig 10: Graphical depiction with a PID controller
using the Lookup Table

3.1 Comparison of control methods

results

Taking the results of the system responses, the
following conclusions were drawn as the methods of
control of the proportional Controller, proportional -
Integral Controller, proportional - Integral -
derivative Control and proportional - derivative:

By using the proportional Controller (P), the
pneumatic system acts quickly and offers the
desired effect. However, the proportional Controller
is not considered to be ideal for high application
requirements as its performance under the influence
of the load is not immediately predictable. This has
the effect of not being able to deal with possible
disorders. [4]

By using the proportional -Integral Controller (PI),
the mental system acts quickly and offers the
desired effect. However, the integral controller I,
which enhances the continuous force acting on the
pneumatic piston, causes the system to fail to
stabilize and creates oscillations. For this reason,
proportional -Integral Controller is not considered
appropriate for this experiment. [4], [5], [6], [7]

By using Proportional -Integral- derivative
Controller (PID) the mental system acts directly and
offers the desired effect. Thanks to the integral |
controller, which enhances the continuous force
acting on the pneumatic piston, this causes the
system to fail to stabilize and creates vibrations.
Although the derivative controller reduces
elevation, as a whole the proportional - integral -
derivative controller is not ideal for non-linear
systems. [4], [5], [6], [7]

By using the Proportional - Derivative Controller
(PD), the pneumatic system acts instantly and has

high positioning accuracy. It delivers the desired
result, without overlaps. Research has shown that
Proportional -Derivative Controller offers the best
performance in nonlinear systems. [4], [5], [6], [7]
Using the Lookup table to implement the Fuzzy
Controller, the desired result was achieved, but the
mental system had a more abrupt behavior, and it
reached the desired value more slowly than the
above control methods.

In summary, it was found that the proportional -
derivative Controller (PD) offers the optimal
performance in the non-linear system of the
particular study, and is considered the most
beneficial ~ solution at both practical and
mathematical level for the correct position control
of the pneumatic piston.

3.2 Future Optimizations

A possible improvement of the system could be
achieved by using a Linear Variable Derivative
Transformer (LVDT). It is actually a linear
displacement measuring sensor. The range of
measured displacements depending on the type of
LVDT and application ranges from 0.1mm to
1000mm.

Linear variable Derivative transformers  are
instruments of high precision and have a small error
(= 0.5%) because their core is not in contact with
the coils, resulting in very low mechanical friction
and wear. Despite all their advantages, LVDTSs are
instruments used to measure small displacements,
are quite sensitive and are affected by vibration and
temperature. [10]

Fig 11: Linear Variable Derivative Transformer

The device consists of three coils, one primary and
two secondary, in the center of the core there is a
core of soft magnetic material (soft iron, amorphous
FeSiB wire etc). The primary is powered by
alternating high frequency voltage and the
secondary are connected in series and with opposite
polarity.

When the magnetic core is centered, because of the
symmetry the voltages induced in the secondary
coils are equal and since they are connected to the
opposite, the output is zero. Movement of the kernel
generates a signal (alternating voltage) at the output
whose width is proportional to the displacement and
its phase indicates the direction of motion. [11]
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Fig 12: Provision of LVDT Sensor
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Fig 13: Internal LVDT Sensor Structure

The Linear Variable Derivative Transformer finds
many applications in the industry because of the
advantages of using it.

More specifically, LVDT is used:

e  To control the water level in a container.

e Inmachining.

e Inrobotics.

e In force, pressure and acceleration
measurement systems.

e To control the position of hydraulic and
pneumatic pistons.

e To control crane movement [12]
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IMapaptua 2 [PROPOSAL]

Me yvopova toug tohTatovg puOUovs avamTtuénNg TG TeXVOAOYiaG otV oNUEPIVY
EMOYN, £YEL onpelwbel po adidkonn wpoonddeto va elcaybodv oty Kabnuepvotnta
TEYVOLOYIKA EMTEVYUATO 0VTOC DOTE VO KAALPOOHV KOAVTEPQ, EVKOADTEPO KOl TTLO
OlKOVOUIKA ol avBpdmivec avaykes. Edikdtepa otov topén g Prounyaviog, g
€PELVOGC KOL TOV EQOPUOYDOV TopatnpnOnke m ovaykn VmapEng TPoyPOUUAT®OV
TPOGOUOIONG, KUOMG TPOCEEPOLV OCPAAEIL GE TLYOV GOAALOTO, LELOVOLV TO
KOGTOG KOl €lval TPOGITE ©OC TPOG TN YPNON OF EMOYYEALOTIEG KOL GTOVOUCTES
avaTePNG ekmaidgvone. Xty mapovoa owrpiPny Bo mopovclootel 1M pEAET
epoapuoyng  HeBodmwv  eAEyYOL  TVELHOTIKOV  GLGTNUOTOG o€ TEPPAALOV
npocopoiwons. EmmpocsOétmg, Ba avaivbel kot Bo meprypagpel n Aettovpyio tov
GLYKEKPLUEVOL TVELHATIKOD GLGTNWOTOG KAODG Kot 6Aot ot péhodol eAEyyov mov
ypnoworombnkov 6e avtd. To avtikeipevo g HeAETNG, TO Omoio eUmInTEL LE TO
[ILM.Z, Oedopévov OTL TPAYUOTEVETOL GUYXPOVEG  EQOPLOYES  TEXVOAOYLDV
OQVTOUATIGHOV, Ba TpooTadncel vor KOADYEL EPOTAUATO OTWG EAV Ol GLYKEKPIUEVOL
péBodol eELEYYOL givar KOTAAANAOL KOl OTOTEAEGUOTIKOL Y10l TO TVELHOTIKO GUGTI LA
Omov peAeTdaTal, Kol Kupiwg OGO omoteleoUOTIKN €lvor M ypron evog mivako
avtiotoiylong Acaeotg eieyktn (Fuzzy) pe Avoroyikd-OrokAnpoTikd-Atopopikd
ekeykm (PID). T'a T ypnon Tov GUYKEKPIUEVOL TIVOKO GTO TVELHOTIKO GUGTNUO
Mg TOPOVCag HEAETNG dev €xovv eaybel amotedéopata péypt ofjuepa. Ta 600 avtd
YEYOVOTO OMOTEAOVY TOV KVUPLO OKOTO OLTHG TNG OTpiPne, o€ pia mpoomdbeio ot
TOPOTAV® EPAPUOYES VO TPAYLOTOTOOVV TOV EAEYXO TOV GLOTHHOTOC. To Kupimg
pépog g peréng Ba emelnyel tov oxedOcUO TOV GLGTHHOTOG KAOMG emiong To €100¢
TOV ELEYKTAOV Kol TOv Tivaka avtiotoiynong. O 1pdémog cvvoeons kot Asttovpyiog
HETOED TOV TVELUATIKOD GLGTNUOTOC, TOV HEBGOMV €AEYYOL KOl TOL TiVOKO, GTO
nepPdAlov mpocopoimong Ho TapPOLGLOUGTOVYV AVOAVTIKA, EVED OO O TO OVOTEPM
Bo TpoKVYOLV TO CLUTEPAGLATO YPNONG TOV GLYKEKPIUEVOV HeBOd®V eAEyyov, Ba
ocu{nmbovv Te TAEOVEKTNHOTO KOl HELOVEKTNUATO TOVG Kot TowTOypove Oa
potafodv PEATIGTOMOMNCEL £T61 OGTE Vo EXEKTADOVV TEPOUTEP® TO OQEAT OO TNV
Aertovpyion tovg. Q¢ mBavd amoteléopa TG YPNONG TOV Topamdve peBddV
aVOPEVETOL VO, TPOKOYEL 1| €itELEN TOV PEATIOTOV KO OTOOOTIKOTEPOL EAEYYOV TOL
cvotNUatog. Ymoloyiletar 6t 1 pekétn Ba olokAnpwbet eviog 4 umvov, dedopévou
011 1 ovAAOYY BBMoypapiag amd to dladikTvo Bo GuvodevTel amd TV LAOTOINGCT TOV
GLGTNUATOG Kol TOV HEBOdWV eAEYYOL TOL 6TO TTEPIPAALov Tpocopoinong. Katd tov
televtaio (tétapto) puva Oa mpaypatomomBel n cvyypaen ¢ STpPr|g Kot ot
dopbaoelg avTtig oe cuvepyacia pe Tov emPAETOVTA KaONYNTY.
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