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Euxaplotieg

MNa tn mapovoa OSutAwpatiki epyacia Ba nBeAa va €uXOpPLOTAOW KATIOLOUG
avBpwmoug nmou xwpig autoug & Ba eixe ulomolnB«l.

Apxka Ba nBela va guxaplotow tov K. lewpylo ZTaupouAdkn OxL HOvVo yla Tn
moAUTIUN BonBela, kaBodrynon Kal cuvepyaoio aAAd Kal yLa TG YVWOELS TIOU T pa
amno Ta pabnuata tou.

Eniong Ba nBeha va suxaplotriow Bepud tov K .fewpylo Taipidn, Siddktopa Tou
MoAutexveiou Kpning, yla TG cUUPBOUAEG TOU Kal TOV XPOvVo Tou adlEpwaoe oTnV
EMIAUON TWV ATIOPLWV HOU.

TéNog 6& pmopw va PNV EUXAPLOTACW TNV OLKOYEVELA HOU , YOl TNV ATIAUTN OYATN
Kall oTAPLEN Toug, KaBwC Kol yLa TNV UTIOMOVH TOUG Kal yia Ti¢ Bucieg Toug OAa autd
TO XpOVvLaL.
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NepiAnyn

Ze auTn TV gpyacio dSnuloupyndnke cuoTnUA €QYWYr G CUUMEPACUATWY TIOU SEXETAL TPEIS
€l0060U¢ Kol Tapayel pio €€odo pe tn Ponbela acadwv kKavovwv eAéyxou. Mo
OUYKEKPLUEVA, UEAETNONKE £va clOTNUA TPLWV gAOTNPlWY KAl TPLWV HalwVv LE OKOTO va
g€olkelwBoupe pe tnv dadikaoia emiluong tou mpofAnuatog eAéyxou. OL Tpeic elcodol pag
glval n petatomnon, n taxlTATA Kal n €mtayuvon kot pe tn Bonbesla tng epyaielobnkng
aocadoulc Aoyikng tng matlab (fuzzy toolbox) Ba mpoonabrcoupe va e€dyoupe thv SUvaun
eA\éyxo e tn BonBela amAwv AEKTIKWV KOVOVWV.

Jta keddhata 1 , 2 kot 3 mapoucldletal to BswpnTikd KOUUATL TnG epyaciog. Mo
OUYKEKPLUEVQ, OTO MPWTO KEGAAALO YIVETAL Lo TTEPLYPAPT TWV SUVAULKWY CUCTNUATWY, TO
Seutepo kedalato mephappavet Alya Adyla yla T TAAAVTWOELS Kal oto Tpito yivetal pia
gloaywyn otov acadn £Aeyxo. Ito keddAolo 4 €XoUpe MLa AVOAUTLKA Tieplypadn Tou
npoPAnuaroc. Eniong paivetal fapa Briupa n dtadikacia emiluong, mwg SoUAeVEL 0 XpROTNG
to fuzzy toolbox kol TL IpEmel va Tpoo£EeL KaTA TNV eMIAUON KaL TNV ELOAYWYT TWV KAVOVWV.
210 KEDAAALO 5 £XOUUE OAEG TIG SOKIUEG LA AVOAUTIKA KOLL TOL TEALKA QITOTEAEGUATA LLOC.

Y10 onuelo autd va tovicoupe Mwe N acadng AOYLKA KoL 0 CUYKEKPLUEVOC TPOTIOG ETAUGNG
MPOBANUATWY €XEL LEYAAN onuacio og TOAMEG ekPAVOELS TNG KABNUEPLVOTNTAG Hag. Elval
£va amo Ta eMITUXnUEva epyaleia yia tnv Snuoupyia e€eAlypévwy cuotnuatwy eAEyxou.
AUTO ylatl évag acodng eAeykTng eival eUKOAOG GTN XProN TOU KoL EUKOAQ KOTAVONGLUOG
KoL propel va xelploBel ouotnpata pe HeyaAlTepn AEMTOUEPELA KOL TILO TIOAUTTAOK QL OTIOU
elvat 6uokolo va e€ayoupe aopaleic AUOCELC.

MoAAEC dOPEC OUWG, KOL TTAPOAN TNV EMLTUXIA OUTAG TNG AOYIKNG, EXOUUE OLCUVETTELEG KOl
napadofa anoteAéopata ano tnv ebpappoyn TnG. MNa tov Adyo autd BEAEL peydhn mpoooxn
TO00 otnv oxedioon, 600 Kal otnV ePpapUoyr TNG CUYKEKPLUEVNG AOYIKNG. Mo TNV eKTdvnon
oUTAG NG epyaciag €ywvav TIOAAEG SOKIUEG HEXPL T TEALKA HOC QMOTEAEOMOTA KOL N
SlaicOnon kat n emoavaAnn yia tnv emnwtuyn ohokAnpwon tng Stadikaciog Atav avaykaia.
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KedpaAatio 1 : Auvaplkd cuothpota

1.1

1.2.

OpLoMOG

Q¢ Sduvaulkd cvotnua opiloupe otov GUOLKO KOOUO KABE duaolko dalvopevo
Tou e€eAlooetal e Tov xpovo. MmopoU e va To eplypaou e anod éva cUVOAO
HETAPBANTWY , APA YEVIKA UMOPOUUE Vo Oplooupe w¢ SuVaUKO clOoTNUa Eva
duaoLkd cuoTnua Tou omolou pia i Kot TeEPLocOTEPECG HETAPANTEG peTaBAAAovTat
oto Xpovo. AUVOULIKA CUOTAMATA CUVOVTAUE TavioU otn ¢uon Kol wg
OVOUEVOUEVO N MEAETN TOUC €lvol TTOAU ONUAVTLKA Yla TNV €PUNVELQ KAl TNV
nopatipnon tng.

O aplBuog twv eflowoewv Mou meplypadel €va TETolo cuotnua kabopilel tov

opLlOuo twv Babuwv eAeuBepiag ToU CUCTUATOG.

Avvopiko cuotnuo pe éva Babuod eheubeplog
O TPOMOG UE TOV OMolo €va cUOTNUA EKTEAEL AVEEAPTNTEC KIVAOELG oplleTal amo
Toug BaBuoug eAsubepiag Tou.

T‘.,.” b (1) ‘ R

A\ &\\W\R\J:‘Q

Ewkova 1.1: Avvauika cuotnuate 1 BaBuou eAsufepiac

Eva duvauikd cuotnua pe éva Babud eleubepilag meplypddetal amd tnv
Sladpopikn e€lowon:
d?x

m S+ cStkx=f(t) A mx+me+kx=f(t) (1)

H napandavw efiowon deixvel mwg ot e€wtepikég duvapuelg f(t) Bplokovtal oe kKAOe

XPOVIKI OTLYUN t O LoOppOTILA LIE:

e T adpavelakeg Suvapels F,, = mx’
e TIc duvapelg amooBeong F. = cx’
®  TIG EAAOTIKEG SUVAMELG Fy = kx
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Ta otolyeia tou Suvaplkol cuoThuaTog Slakpivovtal wg eENG:

e JTolXelo CUCOWPEUONG TNG KIVNTLIKAG EVEPYELAG
e Jtolxelo dlaxuong evépyelag
e Jtolxelo cuocowpeuong SUVAULKNG EVEPYELOG

1.3.MovteAomnoinon SUVOULKWY CUCTAUATWY
Yrniapyouv 4 Baoikég pEBodol povielomoinong SUVAULIKWY CUOTNUATWY. AUTEG lvat:

1) Tevikeupéveg e€lowoelg Newton

2) Apxn twv duvatwyv Epywv

3) Tlevikeupéveg e€lowaoelg Lagrange

4) M£B060C TWV MEMEPACUEVWY OTOLXELWY

1.3.1. l'evikevpéveg e€lowoelg Newton ( e€lowoelg Loopporiag)

E¢lowon woopportiag: . F =0
BdoelL tng e€lowong Newton yia kaBe pala epapuolovpue e€iowaon looppomiag.

MNa mnopdadelypo o€ €va  PNXavikO ouvuotnua pe O6Uo Babuoug eleuBeplag
omoTeAOUEVO a6 SU0 Pale¢ my KoL m,, oL onmoleg ouvdéovtal PeTafl TOUG UE TO
ehatriplo kix kot tov amooBeotipa €1, Spa N KWNUATKY SLEYEPON Xst) LEOW TOU
ehatnpiov k, kat n Suvaun F,. H Suvaulkn Katdotacn TOU GCUGCTHUATOG
TEPLYpAdETAL MO TIC UETOATOTIOEL] X; KOL Xp, QMmO TG omoieg kaBopilovtal ot
abpavelokeg SUVAPELG , mXx'y, mx’;, oL Suvdpelg anoofeong +cq,(x1 — x5) Kat ot
€NAOTIKEG SUVAUELS K1y (X1 — X2, KaXa-X1).
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x,(1)

x,(1)

m

Ewova 1.2: Suvauiko cuotnua
MNa kaBe kopPo kowng pong (LAalec) Loxvouv ot €€N¢ €LOWOELC LOOPPOTILOG:
o XF = Fg—mxy—cp(xy —x3) —ki2(p —x2) =0

= mxy + C12(%,_%2) + k12(x1-x3) = Fs

o YF =-—mx,—cp(x; —x1) —kip(xp —x1) —ky(x —x5) =0
= mxy + (X3 —x1) + ko0 — x1) + kaxy = kpxg

1.3.2. Apxn twv duvatwv Epywv (Apxn tng duvatnig toxvog).
H Apxn twv duvatwv €pywv: SW=0. Ano 1o mponyoluevo napddelypa to duvato
£€pyo eival to €€nc:

OW = [F, —mxq]6x; — [c12(x1 — x3) + kip(x1 — x2)]16(x1 — x3) — [mx,
+ kz(XZ - xs)](st = 0

Kal peta tnv opadomnoinon Twv 0pwv PE KOWVEG SUVATEG LETATOTILOELG X1 Kal 8X;:

—O0W = [mx; + ci2(x1 —x3) + kip(x; — x3) — F;]le
+ [mx, —cip(x1 — x3) — k(X1 — x2) + kyxy — kyxs]6x, =0

Noyw 6x4,6x; # 0 mpokUmTouv Tmpodavwe ol (dleg elowoelg kivnong He TtV
T{PONYyOoUUEVN Mepinmtwon:

mxq +c12(x1 — x3) + k(1 —x3) = K
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mxy + cip(x1 — x3) + k(X — x3) + kpxy = koxs

1.3.3. l'evikevpéveg e€lowoelg Lagrange

d (dL) dL
dt

— ) ——+F.,=12,...,
dxi dxl- ek n

Juvaptnon Lagrange L=T-V o6mou T eival n Kwntikn evépyela kat V n Suvopikn
EVEPYELQAL.

1 1
T=Y", Emix? ko V =ym, 5 kx?  Suvauwn evépyeia eAatnpiou

Fe: buvauelg anooBeong

Fi i :€€wteptkeg Suvauelg

1.3.4. M€6060¢ TWV MEMEPATUEVWV OTOLXELWV

Itn p€Bodo aut pila kataokeur Slalpeitol O HIKPOTEPO OTOLXElLM, TA omola
ovopalovtol TEMEPACHUEVA OTOLXELA. 2T CUVEXELD a.poU €XOUUE ELOAYEL Ta dopTia,
TOUG TEPLOPLOKOUG KAl TLG LOLOTNTEC TWV UALKWV £€AYOU UE TLG EELOWOELG.



Acadng EAeyXoG TAAQVTOUEVNG KOATOOKEUNG

KedpaAato 2: TAAAVTWOELCG

2.1. OpLopOC TAAAVTWONG

H toAdviwon ouclaoTikd opiletal wg €va aALVOUEVO, OToU avapePOUOOTE OE
omotadnnote mePLodikA HetafoAn omoloudnmote dpuolkou pPeyEBoug yupw amo pia
KEVIPIKN Twn. OL toAaviwoel otn ¢uon elvat moAMwv edwv. OL mLo
XQPOKTNPLOTIKEG €lval N NAEKTPLIKN KAl N HNXOVIK TOAQVTWON. TN HNXOVLKA
TaAAvVTWOon £XOUUE HETABOAN EVOC CWHATOG yUPW aro tn B€on Looppomiag evw otnv
NAEKTPIK METOPANETOL N €viAon TOU NAEKTPIKOU PEUHATOG TOU SlappEEL TO
NAEKTPLKO KUKAWUAL.

2.2. ArAr appoviki TaAdvtwon
H amAolUotepn popdn HUNXAVIKAG TAAAVIWONG €lval aUTH TOU CUCTHUOTOC HE &val
BaBbuo eAeuvbepiag, n popdr Tou onoiou dpaivetal oTo oXNUa .

| q(r)

-
-~

Spring: k
Fi = kq(t)

#
/
7
/
/
PELTS #

Ewova 2.1: EAeuOepn tadavrwon palog m.

Edapudooupue 1o deltepo vopo tou Neltwva

Y F =mi(t) , e€ayetal 1o €€A¢ oupmépaopa yla pala m Tou TAAOVIOUHEVOU
owpatog, k n otabepd tou gAatnpiou kat x(t) n petatonon tng LAalog cuvaptTAoEL
TOU Xpovou' t :

mi(t) + kx(t)=0 (2.1)

10
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Q¢ B€on ooppomiag Tou cuoTnUATOg BEWPOUE TO ONUELO OTO OMoio TO €AATHPLO
Bpioketal 0to GUGCLKO TOU UAKOG. TO CWHA 000 EKTPEMETAL QMO TN B€0n Loopporiag
TOU, UTIApXEL pia Suvapun enavadopag F(k) mou teivel va emavadEpel To cwua Hag
otnVv apxlkn tou B€on kat gival avtiBetn amod tv amoupdkpuvon tn¢. Emiong 6co
HeyaAUTEPN €lval N AMOUAKPUVON TNG TOCO AUEAVETAL KAL TO LETPO TNG SUvaNG. Av
EKTPEPOUNE TO owpa , palag m o pla Tuxaio BEon xo, TOTE Oa apxiosl va ektelel
QAN OpHOVIK TOAAVIwon He TMAATO¢ +Xo . Eddoov dev umdpxouv e€WTEPIKEG
Suvapelg. EToL mpokUTITEL n oX€on :

X(t)=xosin(2nfrt + ¢ ) (2.2)
Omnou f,: H mpwtn duoiki cuxvotnta TnG TAAAVIWOnNG.

Q¢ ouxvotnta opiloupe Tov aplOud twv emavaAnPewy mou €ywvav o pia povada
TOU XpOvou .

Xo : TTAATOG TNG TAAAVTWONG

Bewpwvtag wg To onueio 0 to onueio 6mou pndevilel n duvaun , opilloupe wg
TAATOC TNG TAAQVTWONG TNV MEYLOTN QTOMAKPUVON amod TO ONnUeElo autd. Ze pla
CUMMETPLKN TAAAVTWON N KEYLOTN apVNTIKN KoL BETIKN amopdkpuveon sival ioeg. Etol
N omOAUTN TWUN TNG HEYLOTNG AMOPAKPUVONG €lval To TAATOC TNG TAAAvVTWONG Kol
oUUPOAileTaL pe xo, OL povadeg pétpnong Stadépouv avaloya pe tn dvon g
noootntag mou petafarAetal. To MAATOG TNG TaAAvTwong eniong e€aptatal anod to
XPOVO Kal GAAQL UNXOVIKA oTtolyeia , yU' auto Sev elval mavta otabepo. H evépyela
€VOG TaAavTwTr €aPTATAL ATTO TO TETPAYWVO TOU TTAATOUG TNG TAAAvVTwonG.[9]

o : Tuxala apywn ¢aon

‘EXEL va KAVEL UE TO ONUELO apxng LETPNONG TOU XpOvou. TuvnBwe €AV €XOUUE va
KAVOUUE PE Hio LOVO TOAAVTWON, 0 XpOvog apxilel Kol LETPAEL OTO onUelo Omou g
=0.

11
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A
x
1
Xo 0.5} : 1
O
-0.5} i ]
/ t
8] 1 2 3
27
] =
L& 151

Ewova 2.2: Alaypapua mAATouG UETATOMLONG - XPOVOU.

Aoyw tng oxéong (2.1) kat (2.2) MPOKUTITEL N CUXVOTNTA HLAG OTTANG QPMOVLKAG
TaAdviwong :

1 k

fn=== (2.3)

T 2m\m
Kat n nepiodog opiletal:

T,=—  (2.4)

Meplobog opileTal wg TO XPOVIKO SLACTNUA TTOU XPELALETAL Lo TTAN PN TAAAVTWON.

Zuxvotnta €ival o aplBuog twv emavaAfPewv mou €ywvav otn povada auth Tou

xpovou. Eivat énAadn o aplBuog twv emavainPewyv Sta Tou XpovikoU SLOOTHUATOC
OTO OTIOLO UETPHOOLIE.

12
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Kepalawo 3 : Aca@ng éAeyyxog

H aocadn Aoy Baoiletal otn pipgnon tou avBpwrou Kol TNV avomapaywyr Ttng
avBpwrivng eumelpiag kot cuAAoylopoU. MoAAéG popég exkdpAoELG TNG KABNUEPIVAG HAG
{wNG , OMWG TO «ULKPO Kopltow N o «PnAdg Avipac» 1 «0 NALKIWUEVOC AvOpwIoG» £XOUV
ploa mo eupela évvola. ITn TPOYUATIKOTNTO TETOLEG eKPPAOEL Sev UMoOpoUV va
neplypadolV HE T AUCTNPA KPLTApLA TNG SLTIUNG AOYLKNAG TWV KOVOVIKWY CUVOAwV . To
aoad£g oUVolo eival iowg n Paotkotepn €vvola Tou olkodouipatog tng acadols Aoyikng. H
ouaotnpen AoyLkr Katd Tnv omoia pia kataotaon propel va £xel U0 povo popdéc, umapén
amoucoia cuvemnaystal anwAelo mMAnpodopilag Kabw¢ n MOAUTTAOKOTNTA TOU GUOTAUATOG
auvéavetat. O muprvag outng tng adle€ddou eival ouolaotikd o SLabLlKOC TPOTOg
ovamnopactaong tng mAnpodopiag , 6mou pio TIHR plag petaBAnTAg elte avnkel eite dev
QVNKEL o €val UTIOoUVOAO Tou Tediou oplopou tne. Etol elonxOn to acadég ouvoro. Eilval
OUOLOOTLKA €val UTTOCUVOAO OTIOU pia TLUr UTopel va oVAKEL 0 TTOAAG Ao QUTA HE £va
TIOCOOTO OnNUETOXNG. Eva acadég cUvolo ekdpdlel Tnv Katovopun Befalotntag Kol £vog
BaOUOC CUMHETOXAG HLOC TWUNC o éva aoadEG oUvolo amotelel To Babuo BePfalotntag otL
N MPOTACN OV SLOTUTTWVOUE gival aAnBdng. [1]

TNV Mo KATW £ikova daivovtal ol HopdEG mou Umopel va €XEL pia cuVAPTNON CUMUETOXNAS
£vO¢ aocadolg cuvolou.

Meooug  Tpyoeakt) Tpotrelosidng Mev._ Tpomsd oaifng iy o

Ewova 3.1.: Stapopot TUnoL ouvapTHOEWY CUUUETOXNG

3.1. [lpd&els peta€V aca@wv cLVOAWV
3.1.1. Toun aoca@wv cLVOAwV (intersection)

H toun 6uo acadwv cuvolwv A kal B mou opilovtal oto (6o medio oplopol elval Eva
oaoadec ouvohro C, to omoio cupBoAiletal pe C= ANB. H ouvAptnon mou TPOKUTTEL ElvalL:

He(x)=min(pa(x), He(x)), VX € U
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Acadng EAeyXoG TAAQVTOUEVNG KOATOOKEUNG

3.1.2.'Evwon aca@wv cuvoAwv (union)

H évwon Vo acadwv cuvolwv A kal B, ato iSto medio oplopou , elvat éva acadEg cUVOAO
C , kat ocupPoAiletal pe C= AUB .H ouvdptnon mou TPOKUTITEL MO T CUVOAPTNOELG
OUUETOXNG elval:

He(x)=max(ua(x), us(x)), Vx € U

3.1.3. ZvumAnpwpa aca@os cuvoAov. (complement)
To oupmAnpwua e&vog acadolG ocuvolou A eival €va acoadEéC¢ oUvolo, To omolo
oupBoAiZetat we A kat ekdpdleTal amod Ty akdAouBn cUVAPTNON GUUUETOXAC:

uaz=l-pa(x) , Vx€eU

3.1.4. To ywopevo 6Vo acapwv cuvoiwyv .(Product)

To ywopevo 0o acadwv A kat B cuvolwy pe redio oplopol U opiletal wg €va véo acadEg
ocuvolo kal ekdpaletal we e€Ng:

U oang(x) = pa(up(x), Vx €U

3.2. 20voAo Statoun —a (a- cut set)

To ouUvolo tounc—a f ocuvolo Sitatounc—a (a—cut set) evog acadouc cuvolou A
oUMBOAileTal pe Ag KOl lvatl €éva KAOOOLKO (cad€G) cUVOAO, TO OToio TEPLEXEL OAQ
To otolxela Tou mediou oploPOU yLa TO OTtola LoYUEL

Ha (x)= a.
{x €U | pa(x)>a}, O<a<1

3.3. Aca@nG KavOoveg

To cloTnua Twv acadwy KAVOVWY gival &vag pnXaviopog avoamapdotaong tTng yvwong, o
orolog mpootSialel otov avBpwrivo tpdmo okeéPnc. amoteleital amd SUo Baowkd pépn to
TUAMA TNG UTOBEONG Kol TO TUAMA amodoong 1 anodaonc. Evag amlog kavovag £XeL T
Hopon:

Av To X elval A tote oy eival B

To tuApa Av o X elvat A sival to tunpo unebeong . To TuAUO ToTE To Yy lval B eival to
TUAUO amodacng i cupnepacpatoc. Omou A kal B acadr) ocuvola kot x gival n Tun plag
petaBAntic mou acadormoleitat. Y eivat n €€0do¢ Tou cuotUOTOG TIou ekdpdAlel TNV
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Acadng EAeyXoG TAAQVTOUEVNG KOATOOKEUNG

anodacn Tou Kovova KoL TIAPEXETAL A0 TO UNXAVIOUO CUUMEPACHOTOG o acadn popdn.

TPV TN TEAWKN TLUA TOU €ival To TeAIKO oplOUNTIKO ATOTEAECHO TEpVA amd T ddon

anoacadornoinong. O Mo avw Kavovag ovopdletal kavovag Tumou mamdani .[8]

3.3.1. Aca@ng CUUTEPACUOS TOU OTOELWOOVS ACAPOVE CUCTNUATOS €VOG
Kavova.

O tpomo¢g Aettoupyiag evog aocadolg kavova xwplletol o Tpeig peydleg dAceLC:

Acadonoinong (fuzzification)
Acadng cuvenaywyn (fuzzy implication)
Anooaocadomnoinon (defuzzyfication)

O oxedlaotng Tou eAeyKTr) Ba MpEMEL va eKTEAETEL TOL akOAoUBa BruaTa. .

15

1.

NekTIKOC SlapeAlopdc twy elc6dwv : Ba mpémel dnAadn va avomapacThosL TIG
UeTOPANTEG £Ll00S0U Kal e€060U e AekTIKOUG OpOUC.

AotiTwon Kavovwy: €xovtag Slapepiosl TIC elo0doug Kal TIg e€6doug Ta acadn
cUVoAa propoUV va anoBnkeuBolv oTov UTIOAOYLOTH UTIO TN Hopdr) GUVAPTICEWV .
KaBoplopdg tou tumou tng acadng ocuvenaywync ( fuzzy implication): yia va
KOTOVON)GOUE TOV TUTIO TNG aoadig CUVENAYwWYHG Ba TPEMEL VA KOTOVOI)CGOUUE TOV
TPOTO WE ToV omoio Asttoupyei évag kavovag. Mpodavwe Ba mpénel va Bpoupe éva
TPOTO va uAoTmoljooupe to ‘kat (and) ’ kat to ‘tote’. O TPOMOC HE TOV Omoio
vloroleital apBuntikd To Kot koBopiletal amd tov TUMO Tou 0oadolg
cupumnepaopoU. Yrdapyouv dtadopol tpomot uAomoinong tou AND ot kuplotepol sivat
pe tovieheoty MIN kat pe tov tedeotr product. H Baputnta auth ekdpaletal (yia
cuotApata mamdani) YUe TO avtioTolyo o-cut Tou acodol cUVOAOU TIoU eKPPAleL
TO QTOTEAECHO TOU KAVOVA. JUVETIWE AV €ival o BaBuog ekmAnpwaong Tou Kovova To
anotéAeopatng epappoyng Tou eival To a-cut acadeg cUVolo TNG €060U TOU ME
w=0.[4]

Mé£Bobo¢ amoacadomnoinong (defuzzyfication): oe auty tn Sladikaoia mopayetol
plo Tiun crisp éva avotnpd aplOuntiko amotéAeopa . Eival ouolaotikd n avtiBetn
Sladkaoia amnod ekeivn ¢ acadomoinong. Amelkovilel oUCLACTIKA £va 0oadEC
oUVoAo ot €vav aplduo. Atddopot TUMOL amoooadomnoLnong:

e Amnoaocadornoinon péoou 6pou Twv peyiotwv (mean of maxima or
mom): cUpdwvo pe tn péBodo autr umoAoyiletal o HECOG OPOG TWV
HEYLOTWV TIHWV Tou aoadol cuvolou tng e€6dou.

e Amnooaocadormnoinon Tou PIKPOTEPOU Twv Heyiotwv (som): H péBodog
QUTH UTIOAOYLZEL TO UKPOTEPO TWV LEYLOTWY TLLWV.



Acadng EAeyXoG TAAQVTOUEVNG KOATOOKEUNG

e Amooaocadormnoinon Ttou peyoAUTEpoOU TWV Heylotwv (mom): H
puEBodocauth umtoAoyilel To HEYOAUTEPO TWV UEYLOTWVY TLLWV.

e Amoaocadormnoinon kevtpkng twng ( centr oid defuzzyfication or
center of area ) . Omou umoloyiletal To Kévipo PBApoug TNg
KOTOVOLNC Tou acadoug cuvOolou Kal Sivetal amo tn oxeon:

o Jx uGa
[ ux)dx

X
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Acadng EAeyXoG TAAQVTOUEVNG KOATOOKEUNG

Kedahawo 4 : EE€Taon Tou mpoPARUATOC

4.1. Nepypadn Tou PoBARHATOC

Jtn mapoloa SUTAWMATLKA gpyocia oxedlacape Kol avalUoape £vav eAeyKT aocadoug
AOYLKAC yla €va cUOTNHO TTOU OMOTEAE(TAL Ao TPl LAleg ouvdebeEVEG e Tpla eAaThpLa.
Mpokettal yla éva cuotnuo Tplwv Padbuwv eleubepiog. Ito cvotnua TomoBeteital £vag
aoadng EAEYKTNG LE OKOTIO TOV EAEYX0 TAAQVIWOEWY TNG SLdtaéng Kabwg Kal T MAPAUOVN
™¢ Suvapng eAéyxou 600 eival edLkto otn B€on npepiog tnge.

‘Exoupe m;=m,=m; = 1000Kg kal otaBepsc Twv ehatnpiwv k;=10000 N/m k, = 5000 N/m k;
=4000 N/m. H andéoBeon Rayleigh {on pe 0,01. H e€wtepikn dpopTion eival NULTOVOELSNG, UE
£€0UpOC TNG va €XeL TR 1N Kal tn cuxvotnta w=7Hz. Ma xpovo amod t=0s £wc t=0.9s , pe BRua
t=0.001s.

Na napatnpnBel mwg o xpovog mou emNeé€ape eival TOGO ULKPOC SLOTL ELXOUE ONUAVTLKEG
0pLOUNTIKEG aoTABELEC OTA ATIOTEAECUATA YLO TNV UETATOTLON, EMITAXUVON Kol TaxUtnTa
TOU CUOTHMOTOG LOC.

H mepimtwon n omoia efetaotnke ntav o oxeSlaouoc tou aocadol¢ €AEYKTN yla TO
OUYKEKPLUEVO HUNXOVIKO HOVTENO. Xpnolpomolntnke évag acadng eAeyktng tutou Mamdami
KoL uhomotOnke pe tn BonBeta Ttou makétou Fuzzy toolbox tng matlab . Mpodkettal yia évav
gheyktr moAamAwY el668wv Kal povrg e€66ou MISO (Multiple Imputs, Single Outputs).

X(t)

ki ks ks

WA m WA m FWA

SNOUNNNNN

Jxnua 4.1.: napouvaoioon Tou UOVTEAOU.

4.2. Fuzzy toolbox tng matlab

Y10 ypadwo neptBdllov tng matlab ekteAwvtog tnv evtohn fuzzy avolyoupe to FIS editor
OTIOU MO ETUTPETIEL VO OXESLACOUUE O €va ypadiko meptBarlov évav aocadr sheykth. Ta
KUpLa mapdBupa Tou Fuzzy toolbox Tng ylo Tov MpoypapaTIolo Asttoupyiag Tou acadn
eheyktn eivau[2] :

e To FIS Editor
e To Membership Function Editor
e To Rule Editor
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Acadng EAeyXoG TAAQVTOUEVNG KOATOOKEUNG

Enionc yla tnv mapakoAouBnon eAéyxou KAANG AELTOUPYLOC TOU EAEYKTI) EXOULE :

e To Rule Viewer
e Surface viewer

4.2.1 FIS Editor

ESWw o Xpnotng £L0Ayel Tov GUVOALKO aplBud twv acadwv pPeTtaBAntwy £lo006ou (kitpvo
mAaiolo) kol Twv ouvoAlkwv MeTaBAntwy e€6dou (yahalio mAaiolo) omwg daivete otnv
€LlKOVO.

telikoolwn

(mamdani)

\
Voesty /

Acceleration

Control orce

Ewkéva 4.2.1.: Fis Editor

4.2.2. Membership Function Editor

Kavovtog SutAd kAlk ota mAaiola €l06dou i €€06ou petadepopacte oto Membership
Function Editor. Xe autd 1o mapdaBupo SlaAdyou , 0 XpProTNG £LCAYEL TOUC TUTIOUC TIOU
anoteAouv ta acadr cuvola L0080V Kal e€660uU.

FIS Variablos Membership function plots

Far, Glose,_ Equilibrium Close, Far,

i

Displacement Control orce:

E

Velocity

k

Acceleration

input variable "Displacement™

Ewkova 4.2.2.: SuvapTtroelg cUuUUEToXr¢ uetaBAntric Displacement

4.2.3. Rule Editor

ESw o xpnotng nuioupyel Toug Kavoves cuvdeong Twv acadwyv SeSouevwy Le TG acadeig
£€680UC YPNOLLOTIOLWVTOCS TOUG TEAEOTEC «Or», «and» Kol EPUNVEVOVTOL OO TO TIPOYPOUUOL
ocUMdWVA LE TIG ETAOYEG TTOU €yLlvav OTo apxLlko mapdBupo tou Fis Editor. Emiong o xpnotng
propei va Swoel StadopeTikn T Bapoug oe KABe Kavova.

Edbdoov €xoupe oploel OAa ta oUvVoOAd TO €MOMUEVO BrAMO €lval O OPLOMOC TWV AEKTIKWY
KOVOVWV LE BAon Toug omoloug Ba AeLTOUPYNOEL O EAEYKTAG LOC
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Acadng EAeyXoG TAAQVTOUEVNG KOATOOKEUNG

Jtnv ewkova 4.2.3 1o ypadko mepBAAAov Tou eleykth mou oxedlaocape péow tou Rule
Editor tou Fuzzy toolbox. Ta Pacikd KpLtipla yla TNV avaluch Twv KAVOVWV eival ta
okOAouBa :

¢ MAnpotnta — Elval apketol oL kavoveg tou Snutoupyndnkav
® Juvénela — MAMwWCE oL Kavoveg aAAnAocuykpolovtal
¢ NMAeovaouodg — MATWG UTIAPXOUV OTN BACH KAVOVWVY KATIOLOL TIEPLTTOL KAVOVEC

¢ AAMnAeniSpaon — Yapxouv KATmoLlol Kavoveg tou aAANAETILOpoUV PUETAED TOUC

0 Rule Editor: Untitled - 0
File Edit View Options

1. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Null) then (Contrel_Force is Max) (1) ~
2. If (Displacement iz Far_L) and (Velocity iz Left) and (Acceleration iz Right) then (Control_Force is Max)
3. If (Displacement is Far_L} and (Velocity is Null) and (Acceleration is Null) then (Control_Force is Med+) (1

4. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Right) then (Control_Force is Med+) (
5. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration iz Null) then (Control_Force is Low+)

5. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Right) then (Control_Force is Low+

7. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Null) then (Control_Force is Med+)

8. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Right) then (Contrel_Force is Med-

9. If (Displacement is Close_L) and (Velocity is Nully and (Acceleration is Nully then (Control_Force is Low+) v
£ >

If and and Then
Dizplacement is Velocity is Acceleration is Control_Force is
Far_L ~ Left -~ Left ~ Min ~
Cloge_L Null Null Hight-

Equilizrium Right Right Med-

Close_R none none Low-

Far_R Null

none d & & + Y

|:| not |:| not |:| not |:| not

- Connection Weight:

Jor

1 Delete rule Change rule ﬂ ﬂ

|Theruleisadclecl ||

Help | Close | |

Etkova 4.2.3.: Tpaptkod meptBaAdov tou Rule Editor
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4.2.4. Rule Viewer kat to Surface Viewer

Ouotlaotika T PBonbelo ToUu OCUYKEKPLUEVOU €PYOAEIOU O XPHOTNG €XEL TN duvatotnta
gAéyxou Kal mapokoAoUBnong tng KaANG Asttoupyiag twv Kavovwv tou eleyktr). O Rule
Viewer pag Oeixvel pe ypadkd tpomo nwg yivetar n Swadkacia Ttou acadoug
cupumnepaocpoL. [7][6]

0 Rule Viewer: Spring-Mass2 = =

File Edit View | Options

Displacement = 0 Velocity =0 Acceleration =0 Control Force =10
1 L [ — L ] [ ]
2 L | L —] [ ] [ ]
3 ] ] ] [ N
4 ] ] ] [
5 ] ] ] [ i
6 ] ] ] [ i
7 ] ] ] [ i
8 ] ] ] [ il
a ] ] ] [ I
10 ] ] ] [ S
11 ] ] ] [ i
12 ] %_l ] [ I
13 ] ] ] [ i
14 ] ] ] [ o
15 ] ] ] [ I
16 ] ] ] [ il
17 ] ] ] [ 5
18 ] ] ] [ il
19 ] ] ] [ i
20 ] ] ] [ o
21 ] ] ] [ i
22 ] ] ] [ i
23 ] ] ] [ E
4 ] ] ] [ I
25 ] ] ] [ i
26 ] ] ] i 5
a7 ] ] ] [ =
L — e — L— L ] i i ]
20 L [~ 1 [ ——— [ ] [ B ]
an [ [ 1 [ — [ n ]
Input:  1g:0:0) Plot points: g4 Move:  jeft | right | down | up |
Opened system Spring-Mass2, 45 rules Help | Cloze |

Ewkova 4.2.4: Arnteikovion tou Rule Viewer

Me autd ta mapdbupa o0 XpPrHoTNG — MPOYPAUUATIOTAG EXEL TNV SUVATOTNTA va EAEYEEL KOl
va aflodoynoel tov acadr eAeykTN.

Cantrol_arce

Acceleration 4 Displacement

Ewkéva 4.2.5: ypapiko neptBaAdov tou surface viewer
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Kedbdalalo 5: AmoteAéopata

5.1 AnoteAéopata pe Vo £Ll0060uU¢ 0TO cUOTNHA

Mpwv MPOXWPNOOUKE OTLG SOKLUEG KAl TA OTMOTEAECUATA MO OG piloupe pla patid ota
anoteAéopata ou £xoupe R&N amnod to dlo clotnua akplBwe, pe SVo Opwe eloddoug oTo
Fis Editor. AUTO TO KAVOULE OUCLOGCTIKA YL T OUYKPLON TWV ATMOTEAECHATWY HaG KaBwg Kal
yla vo evtomicoupe €av n Sladikaocio n omoia akoAouBolpe €xeL vonua wg TPOG Ta
QMOTEAEOHATA TNG.

Input 2 M

Inpasi 4 W
L=l Pl gl

Py e T r—

Ewova 5.1.1: Suvaptrioeig ouuuetoxnc uetaBAntric Displacement, Velocity

H Aoykn ou akoAouBrBnke ylo Toug AEKTIKOUC KAVOVES Twv dU0 eloddwv elval n €€NG:

e Otav n toxutnta €xel kateuBuvon MPog To onuelo 0 n dUvapn eAéyxou MPEMEL va
glval n pkpotepn duvarn .

e Otav n tayvuTnta KOTeUBUVETAL TPOC TO aKpoia onueia n Suvapn eAéyxou Tou TIPETEL
va gival peyadin .

e AmO ta Slaypdppota taxUTNTAC Tapatneroape OtL n taxlTnTa otnv opxn eival
MEYAAN. ZUVETIWG OTav N TaxVTNTA lval peydAn n SUvaun eAéyxou MpEMEL va eivat
ULKPI £TOL WOTE VA EMITUYXAVETAL OTNV apxn N anooBeon tng Slatopaxic.

e  Otav n toyVuTNTa £ivol PLKPR KoL armopakpUVETaL and onueio tooppomioag n SUvaun
eANEyXoU TPEMEL vaL ElVOlL LEYGAN WOTE VO ETEPYETAL YPIYOPO OE KATAOTACN NPEULOC.
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Jtnv ekova 2.1.2. BAfmoupe pia emipavela EAEyXou TWV KAVOVWV TIOU adopolv TN
ToXUTNTA Kal TN Petatomnon. MNapatnpolpe mwg n enipdavela eival ol Kol tTnpeltal n
povotovia Tng.

File Edit View Options

=
in

Control orce

5
e

x10t 0
Velocity 4 5 0 -5 5
Displacement x10
X (input): Displacement v ' (input): Velocity L Z (output): Control_Force +
X grids: 15 s 15 Evaluate
Ref. Input: HPIDt points: |1p1 ‘ ‘ Help | Close | ‘
‘ e ‘

Ewova 2.1.2 :Surface Viewer tou aocagn eAsyktn yia Tig e.codoug Displacement-Velocity

Jto Slaypappa 5.1.1. BAémoupe to Staypappoata SlakUPOVONG TNG HUETATONMONG TNG
TOXUTNTOC KAl TNG ETLTAXUVONG TIPLV KAl ETA ToV aoadr EAsy)o.

Displagement before (blue) and after (red) fuzzy 10 Velocity Acceleration before and after fuzzy
0 — 3f 001 [
S ~ -
] / 2 e AN M
/ N 0.006 | nono
s 1 A f < [ ) |
- \ £ /
: 4 2o 1 5 o -4 B
2 / ki £
] / = 8
&2 At <
/ - ~ ~ 0005
ob— . . 2 U
2 3 001
0 0z 0+ 08 08 1 o 02 04 o8 08 1 0 02 o4 08 08 1
Time (sec.) Time (sec.) Time (sec.)
Displagement before (blue) and after (red) fuzzy 10 Velocity Acceleration before and after fuzzy
0 S af 001 [
] ,/ 2| P ™ | - M
/ { N A r al I
T ! NN e I A A
2 z ' | 2 SRR
g 4 / 2o B | (R T T T ] L+
g \ i A
2 . y [ | 8 N T /
"y / ! \ | N | R
- | IR [ | |
A . - - Voo oy -0.005 | L B
of— AN 2| v \/ Y
2 < 001
0 02 o0+ 05 08 1 o 02 04 08 08 1 0 02 04 06 08 1
Time (sec ) Time (sec.) Time (sec.)

Ataypopua 5.1.1.. Ataypaupatoa SIOKUUAVOEWY UETATOTILONG- TXUTNTAG - ETLTAYUVONG TIPLV KL UETH TOV QoA@l
EAeyyo
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1o Swaypappa 5.1.2. BAénoupe tn Slakvpavon tng SUvapng eAéyxou TPV KAl LETA TOV
aoaodn éleyyo.

(4] Figure 5 - o IEl
File Edit View Insert Tools Desktop Window Help k]

ODdHe ROV LL- S0 ad

External Force - P (black) Control Force - z (rate red, total blue)
61

Force

Time (sec.)

Awaypoppa 5.1.2.. : eéwtepikn Suvaun UE TN HaUPn SLAKEKOUUEVN ypauun, kat n duvaun eAéyxou ( oAkn ue to
UTTAE xpwua, Kata avaloyia Ue KOKKLVO)

O mivakag 5.1 mapouolalel TN PEYLOTN UETATOTLON KAL TN MEYLOTN TAXUTNTA TPLV KoL LETA
Tov acadn éleyxo KoOwWE Kal TO TOCOOTO HEIWONG TOUC. JUYKEKPLUEVA N HETATOTLON
MELWVETAL KATA 82,39% Kal n TaxutnTa auEavetal Katd 18,2% .

Mivakag 5.1.: Méylotn UETATOMLON, TAXUTNTA TPLV KAL UETA TOV aoa@r) EAEYxo KaBwe Kol TO TOCOOTO UEWONG
TOUG. 2€ MEPIMTWAN QPVNTIKOU TTIPOCNLOU EXOULE AUENTN TWV TUUWV UETA TOV Aoapr EAEyxO.

Before fuzzy After fuzzy %
displacement 9.851634828565168e- | 1.734592238592762e- | 82.3928
05 05
velocity 4.139225184463016e- | 4.892580152985466e- | -18.2004
04 04
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Acadng EAeyXoG TAAQVTOUEVNG KOATOOKEUNG

5.2. AntoteAéopata TpLWV eLl00dwvV 0To cloTNUO

KataAnéape oto cupmépacpa OTL 0 EAEYKTAG MaG TTou BEAoupe va oxedldoou e Ba TipEnEL
va £XeL TpeLg eLl008oug displacement , velocity kat acceleration kat pia £€€060 control force.
H pébodog cuunepacpou eival autr) tou Mamdami , anmooacadomolnTng KEVTpou BApoug
(Deffuzzification -> centroid).

telikoolwn

(mamdani)

\
Voesty /

Control orce

Acceleration
Ewova 5.2.1.:Mapadupo StaAdyou tou Fis Editor

MNpooBécape oe kKABe petafAnt) 10060V Ta KATAAANAQ acadr) cOvola Kol SLaAEEaUE TIC
ovtioToL(EC OUVAPTAOEL OCUUUETOXNC. H mpwtn eicodog TOu OuOTAMATOC E€ival N
Displacement (Béon) mou meplypddel tn Béon tou onueiou oe oxéon pe to onueio
LOOPPOTIiAG TOU ouoTAUATOC pag. Meplypddetal and 5 ouvoptrioel CUMMETOXAG Far L
,Close_L , Equilibrium, Close_R, Far_R . Mg T U0 akplavEG CUVOPTAOELG CUUKETOXNG va
elvat tpamneloeldol ¢ popdn ¢ Kal TG UTIOAOUTEG TPLYWVLKNG LopdAG.

Input 1 MF

Far, Close; Equilibrium Closeg Farg

0.8

o
@

Degree of membership
o
p-s

0.2

-1 o 1
Displacement x 10~

Ewkoéva 5.2.2..: Zuvaptroeig oupuetoxn uetaBAntrc Displacement

Mo tn deltepn petaPAntn ewoddou Velocity (taxltnta), meplypddetal n katevBuveon TG
TOU KLveital oto onpeio diatagnc. Opioape 3 acadn cuvola ta Left, Null, Right kat tig TpeLg
OUVOPTACEL{ TIOU TIG Teplypadouv oOnwg daivetal otnv €wkéva. OL SU0 aKPLOVEG
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OUVOPTHOEL; CUMMETOXNG Left kat Right elval tpameloedols popdng kat n Null eivad
TPLYWVLKAG LOPHG.

Input 2 MF

Left Null Right

0.8 [

=]
o
T

Degree of membershp
Q
-

0.2

Welocity =102

Ewkova 5.2.3: Suvaptroels oupueToxrg uetaBAntrig Velocity

H tpltn petaPfAntr swoodou adopd tnv petaBAntr Acceleration (emitdyuvon), n omnoia
meplypadel tnv KoteLBUVON TNG EMITAYUVONG TOU KLVElTaL OTo onueio Siatagng Kat
TEPLYPADETAL QMO TPELG CUVAPTHOELG CUMUETOXNC TG Left, Null, Right. Onwc Kat otig aA\eg
600 HETABANTEC OL AKPLOVEG LOC CUVAPTHOELS CUMHETOXNC glval Tpamelosldoug Hopdnc Kat
N KEVIPLKI) LOG TPLYWVLKN).

Input 3 MF

Left Null Right

08

Degree of membership
=]
o

=]
B

0.2

-2 -1.6 -1 -0.5 ) 0.5 1 15 2
Acceleration w1072

Ewkovas.2.4 : Suvaptrioelg cUUUETOXNG eloodou Acceleration

Mot petaBAnti e€66ou opiloupe 9 acadn cuvola. Ta Min, High-, Med-, Low-, Null, Low+,
Med+, High+, Max. H petaBAnt pag eivat n Control Force (8Uvapn éAeyyou), n omoia ivot
n duvaun katd dteBuvon mou TPEMEL va aoknBel oto avtiotowo onpeio éAeyyou (pala)
woTe oUTo va emtavéNBeL otn B€on Loopporiag Tou.
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plot points: 181

Membership function plots
T T T I
Hight- Mexd- Ll Low+ed+ Hight+ Max

\ W<

output variable ‘Contro\'_oroc‘

Ewova 5.2.5 : Zuvaptnon ouuuetoyng e€ddou Control Force

Eddoov oplotolv OAa ta cUVOAQ, EMOUEVO Brpa elval 0 OPLOUOC TWV AEKTIKWY KAVOVWV E

Bdon

Toug omoioug Ba Asttoupyel 0 eleyktng[3]. O eheyktng Ba MPEMEL va TTANPOL KATIOLEG

Baolkég mpoUnobéoelg:

1.

2.

3.

‘EVOG LKOVOTIOLNTIKOG EAEYKTAC TIPEMEL VAL PEPVEL TO CUCTNUA OE KOTAOTOON NPEUiag
TO ouvTtopotEpOo Suvarto.

‘Evag LKavomoLNTIKOG eAEYKTAC TIPEMEL va oxeblaoTel €Tl wote va yivetal 6co to
Suvatov kaAltepn andoBeon.

‘EVag  IKOVOTIOINTIKOG EAEYKTNG TPEMEL va elval vo  eival amodotikog yia
omotadnmote Slatapaxn.

Eddoov Exoupe tpeig petaBAnTEG eloOS0U, OTIOU N PWTN €XEL 5 aoadry cUVOAQ Ko oL GAAEG

600 anod 3 n kAOe pia, Ba mpémel va opLotolv 45 AekTikol kavoveg. Mpémel va Loxvouv 660

To Suvatov ol mpoUmoBEcelg mou mpoavadEpOnKav yLa Tnv cwoth Asttoupyia Tou acadolg

gheyktn &nAadrn MANPOTNTO , CUVENELD , TTAEOVAOUOC Kol aAAnAemidpaon.

H Aoyikr mou akoAouBroOUE KATA TNV ELCAYWYH TWV KAvOovwy gival n e€nc:

26

Otav n tayxvtnta £xeL katevBuvon mpog to onueio 0 n SUvaun eAéyxou TPETEL va
glvat n pkpotepn duvarn .

Otav n tayvutnta kateuBUuveTaL TPOC Ta akpaio onuela n Suvapn eAéyxou TPEMEL va
elvat peydAn .

Ao Tta Slaypdppota taxUTnTag mopatnenoape Ot n taxlutnta otnv apxn eival
MEYAAN. ZUuVenwe, Otav n taxuTnTa €ival peyain n Suvapn eAéyxou mMpEMeL va sival
MLKPN €TOL WOTE VA ETUTUYXAVETAL 0TNV apxn N andcoBeon tng Statapaxnc.

Otav n toyVtnTa €lval pLiKpn Kal anopakpuvetal and onueio tooppomiog n duvaun
eA€yxou MPEMEL va elval LEYAAN WOTE VA EPXETAL YPrYOPA OE KATAOTACHN NPEULAC.

H emtayuvon Ba mpémel va €xel dpopda MAVIOTE MPOG TO Onpeio Looppomiag £Tol av
Sev LoxVeL auTo TOTE N SUvapn eAEyXoU LEYAAWVEL EVW AV LOXUEL ULKPOLVEL.

Otav £€xoups ota akplavd onueia tnv TaxlTnTa Kol TNV emtdyxuvon n Suvaun
Mikpaivel oOtav €xoupe $opd TMPoG To onuelo Looppomicg Kol HEyOAWVEL OTNV
avtiBetn nepintwon.
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e Av n toxVTnTa Kal eMLTdXuvon eivol peydAn og Koviwvd amd To onueio Loopporiag
onuela Ba mpémnel n Suvaun va eivat pikpn av €xeL dopa mPog To onUelo Loopporiag
KOl LEeYAAN o avtiBetn mepintwon.

‘000 Kal av N AOYLKN TWV KAvOvwy LoG ival GpalvouEeVIKA OrmAn €yvav opKETEG SOKLUES Lo
va €XOUHE OHaAEC emidaveleg acadols eAéyxou 000 Kol Aoylkd amoteAéopota. MNMoANE
dOPEG TUXALVEL VO €XOULE TO £va XWpI¢ OpwC To deUTEPO N To avtiBeto. Autd cupBaivel
ylati pia i} moAAEG amo Tig o mavw npoinoBéoelg Sev tnpndnkav . Mo katw mapabétovtal
OAEG OL SOKLUEG .

Ma kaBe Sokiun mou akoAouBnoe mapatiBevtal ot Aektikol kavoveg OTwe TUTWONKavV amno

v Matlab kaBw¢ emiong kot oL emipAveLEC EAEYXOU TWV KAVOVWY Kol TO SloypappoTa
TOXUTNTOC LETATOMLONG KOL ETILTAXUVONG TIPLV KAl LETA Tov aoadn €Aeyxo. Emiong umdapyouv
KOL aplOuNnTIKA amnmoTeAéopoTa ylo TN HEYLOTN ToXUTNTO , MEYLOTN ETUTAXUVON Kol
LETATOTILON TIPLV KAl LETA ToV acadr €Aeyxo KabBwe Kal tn mooootlaia Heiwaon Toug.
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5.2.1. 1" Sokwun

TN MPWTN Hag SOKLUA N AOYLKA TWV KAVOVWY Hag BacloTnKe OTIC TPWTEG TECOEPLS KOUKIOES
mou adopolv TNV Taxutnta. QOTO600 evw €Xouue Heyahn Suvaun emavadopd¢ oe
neplntwon mou n toxVUTNTA pog eival pokpld S6ev epoppodoape To 6l0 Kal ylwa tv
gTLTAyUvon. Auto ¢aivetal Kal ota Slaypappato EAEyXoU TWV KOVOVWVY OTIOU £XOUE HLa
opaAn emtdpavela oto Staypappa TaxuTnTag — petatonong ( dtaypapupa 5.1.1.) kat oxtL ota
SLOypAUMOTA PETATOMLONG — ETLTAXUVONG (Staypappa 5.1.2.) kat tayxutntag emtdayuvong (
5.1.3.). Qg Aoyiko emakoAouBo kal Ta aplBunTka amoteAéopata mou poekuPav Sev ATtav
duUoLoAOYIKA HE PLEYAAN av&non TNG HEYLOTNG LETATOTMLONG , TAXUTNTOC KoL ETLTAXUVONG TOU
ghatnpiou petd tov aoadn EAEyXO.

Fuzzy Inference System Rules

1. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Max) (1)

2. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Max) (1)

3. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Max) (1)

4. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med+) (1)

5. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Med+) (1)

6. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med+) (1)

7. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Low+) (1)

8. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Low+) (1)

9. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Low+) (1)

10. If (Displacement is Close L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Med+) (1)

11. If (Displacement is Close L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+) (1)

12. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Med+) (1)

13. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low+) (1)

14. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Low+) (1)

15. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Low+) (1)
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16. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Null) (1)

17. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Null) (1)

18. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Null) (1)

19. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Low+) (1)

20. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Low+) (1)

21. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Low+) (1)

22. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Null) (1)

23. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null) (1)

24. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Null) (1)

25. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Low-) (1)

26. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Low-) (1)

27. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Low-) (1)

28. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Null) (1)

29. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Null) (1)

30. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Null) (1)

31. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low-) (1)

32. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Low-) (1)

33. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Low-) (1)

34. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Med-) (1)

35. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Med-) (1)

36. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Med-) (1)

37. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Low-) (1)
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38. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Low-) (1)

39. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Low-) (1)

40. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med-) (1)

41. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Med-) (1)

42. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-) (1)

43. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Min) (1)

44. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Min) (1)

45. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min) (1)

H emupavela eAéyxou Twv Kavovwy mou adopolV TNV HETATOTILON —ToXUTNTO ElvVaL APKETA
OMOAN. ZUUMEPAIVOUUE TIWG Ol KOVOVEG TIOU EUTIAEKOUV QUTEC TIC SUO0 HeTaBAnTég Sev
napouoLalouv kamolo mpoPAnua. ( dtaypappa 5.1.1.)

4 Surface Viewer: Spring-Mass4.14._5 = =

File Edit WView Options

0.5
g
S o
g
T
g
Q .05
-1
=107
Displacement 5 ] _’1 -5
Velocity =10
X (input): Velocity T (inputl. Displacement v < (OUtpUL): Control_Force v
HimE 15 AT 15 Evaluate
FEETILE [NaN NaN 0] S g Help Close
Ready

Ataypapua 5.1.1.:Surface Viewer tou acapn eAeykth ya tic eloodouc Displacement-Velocity:

To Sldypappa TaxUTNTAG-EMITAXUVONG TIpoUcLalel Kamoleg Lolopopdieg Kot aTEAELEC. AUTO
Tou pmopol e va umoBéooupe BAEMovTaG pia Tétola emipavela ival mwg oL KOVOVEG Tou
£€XOUV VA KAVOUV LIE TNV ETUTAXUVON £XOUV AOYLIKA AAON 1| 0OUVEXELEG.

30



Acadng EAeyXoG TAAQVTOUEVNG KOATOOKEUNG

_—

Surface Viewer: Spring-Mass4.14 5

-

File Edit View Options

8

=

2

=

=

=}

[&]

. 2
Acceleration 5 Velacity

X (input) v Y (nput) Acceleration v Z (output) Control_Force v
X grids: ¥ grids: 15 Evaluate
Ref. Input: [0 Nal NaN] HP'D‘ points: |44 ‘ ‘ Help | Close | ‘
Ready

Awaypaupa 5.1.2.: Surface Viewer tou acapn eAeyktr yia tig et.oodoug Velocity-Acceleration

H emdavela peTATOMIONG — EMITAXUVONG TIAPOUCLALEL TIOPOUOLEG OTEAELEC HE TNV
TiponNyoUUevn €mipAVELd KAl TA CUUMEPAOUATO Yl TOUG KOAVOVEG Tou adopouv Tnv

£TLTAYUVON eMLBeBatlwvovTal.

File Edit View Options

8

]

S

=]

£

=}

a

Displacement i -2 Acceleration

X (input): | f (input): Acceleration v 2 (outputl: Control_Force v
X grids: 15 ¥ grids. 15 Evaluate
Ref. Input: [Nal 0 Nal] Hpm points: 191 H Help | Close ”
Ready

Awaypappa 5.1.3.:Surface Viewer tou aoapn eAeykth yia tig etoodouc Displacement-Acceleration:
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.

Displacaement (5)

SoingMass
IE fremean W
Valocty (3)

a5 rues

Conrolgerce (8}

Accaleeation (3)

Sysiom Sping-Mass: 3 inputs. 1 ouiputs, 45 rkes

FIS Surface

Conrol orce

Valocity Displacement

Ataypouua 5.1.4.: Emupaveila eEA€yyou Tou aoa@r) EAEYKT yLa TNV UETATOTLON KAL TN ToYUTNTA.

H toyVtnTo N LETATOMLON KAl N EMLTOXUVON UETA TOV aoadr £AyXo mMapouctdlouv amotoun
Melwon 0g HIKPOUC XpPOVOUG KAl N aplBUNTIK aoTtaBela 0T TpwTtn SOKLUN glval epdavig.

(-]
mE

plagement before (blue) and atter (red) fuzzy 5210 Valocity |« vhecsleration before and after fuzzy

|

T
[
/

Displacement
L
y
Veloity
-
Acceleration

&

o
K
.

02 04 6 08 1 a 0z 04 06 [ 1 0 02 04 08 08 1
Time (sec.) Time (sec.) Time (sac.)

before (blue) and after (red) fuzzy 104 Velocity | < iheceleration before and after fuzzy

T I

Velogity
/

Acceleration
]

Displacement
s

&

&

o 02 o4 05 08 1 @ 0z o4 06 08 1 o 02 04 08 08 1
Time (sec.) Time (sec.) Time (sec.)

Awaypappa 5.1.5.: Ataypauuato SLAKUUAVOEWY UETATOTILONG TOXUTNTOG KO ETILTAYUVONG TIPLY ( UITAE Xpwa) Kot
UETA (KOKKLVO Xpwud ) TOV aoapn EAeyyo

External Farce - P (black) Gontrol Force - 2 (rate red, total blue)

Awaypoupa 5.1.6. : Eéwtepikny SUvaun pe t™ pauvpn Stakekoupévn ypauur, kot n Sovoun eAéyxou ( oAwkn Ue T0
UTTAE xpwua, Katd avadoyio ue KOKKLVO)

H amooBeon tn¢ Taldviwong eival amotopn Kabwg n HEYLOTN UETATOTON Kol TaxUTnTa
nmapouclalouv UeEYAAn Kol amotoun avfnon MeTd tov acadr €Aeyxo. ZUYKEKPLUEVA TO
TIOCOOTO AUENONC TNG KEYLOTNG LETATOTLONG LETA TOV aoadn €Aeyxo ¢TAveL To 668,3% evw
ovtiotolya TnC emtdyuvong to 336,7 %.
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Mivakag¢ 5.1: MEyLtotn UETATOMLON, TaxUTNTA KAl ETLTAXUVON TPV KoL UETA TOV aoa@n EAeyxo kadwe Kol To
TTOO00TO UEIWONG TOUG. € MEPIMTWON APVNTIKOU TPOCNIOU EXOULE AUENTN TWV TLUWV UETA TOV AOAQ EAEYXO.

Before fuzzy

After fuzzy

%

Displacement | 9.851634828565168e- | 7.569847659572668e- | -668.3849
05 04

velocity 4.139225184463016e- | 0.001932095566300 -366.7771
04

Acceleration | 0.002273639901911 0.004468063666585 -96.5159

5.2.2.2" Sokwun

tn Oeltepn Sokwun mpoomabroape vo £bopuOCOUUE TIC TO TAVwW TipolToBEaoelc.

AvoTtuxwg otav opilovtal ol Kavoveg BEAEL pueydAn TPOCOXN MmO TO XPHOTN Kol TTOAAEG

dopEG KAMoLoL KaVOVEG TTAEOVALOUV EVOVTL TWV AAWV. AnAadn TO KPLTAPLO TNG CUVETELAS

KoL Tou TtAeovaopoU Sev tnpndnkav. Q¢ amotédeopo dev eiyape opaAn kaplo omd TG

ETMLPAVELEG EAEYXOU TWV KOVOVWV QANA Kol Ta aplOUNTIKA pog omoteAéopata Sev ATav

oWOoTA KABWC OAEG Hag Ol HETABANTEG £XOUV HEYAAO TTOGOOTO AUENCNG TWV PEYLOTWY TLLWV

TOUC PETA ToV a.oadh EAEy)O.

Fuzzy Inference System Rules

1. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Null)

(Control_Force is Null)

2. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Null)

(Control_Force is Low-)

3. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Null)

(Control_Force is Med-)

4. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration

(Control_Force is Med-)

5. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration

(Control_Force is High-)

6. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Null)

(Control_Force is Low+)

7. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration

(Control_Force is Null)

8. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Null)

(Control_Force is Null)
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9. If (Displacement is Close L) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

10. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Low-)

11. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is High+)

12. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)

13. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)

14. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Low+)

15. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Null)

16. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Low-)

17. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Low+)

18. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Med-)

19. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Med+)

20. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is High-)

21. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is High+)

22. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is High-)

23. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is High+)

24. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)

25. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Max)
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26. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med+)

27. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med-)

28. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Low+)

29. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low-)

30. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Null)

31. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Null)

32. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Low-)

33. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low+)

34, If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-)

35. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med+)

36. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Max)

37. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Min)

38. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is High+)

39. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is High-)

40. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is High+)

41. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is High-)

42. If (Displacement is Close L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Med+)
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43. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Med-)

44. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Low+)

45. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Low-)

H emidpavela eAéyxou TnG LETATOMLONG — TAXUTNTOC EXEL KATIOLEG UIKPEG QLOTOXIEG , TTOU OHWC
Seixvouv tnv AavBaopévn AoyLK KATIOLWYV ATt TOUG KOVOVEC.

03
02
0.1

0

Cantrol orce

-0.1

-0.2

0.3

1

%107

Displacement 5 a
Velocity =D

Ataypauua 5.2.1.:Surface Viewer tou acapn eAeykth yla ti¢ eloodouc Displacement-Velocity:

ESw n amotopn avénon tng dUvaung Kol n actoxia TnG emipAveLlag EAEYXOU TWV KAVOVWV
elvat epdavng. H emudpdavela auth mpéEmMel va eival CUUETPLKN KoL LOVOTOVN YLd TV OWOoTH
edappoyr Tou acapoulg eAEyxou.

Control orce

-1.5

Velocity 3
Acceleration S

Awaypaupas.2.2..:Surface Viewer tou acapn eAeyktr yia tig e.oodoug Velocity-Acceleration:

Opota pe tnv mponyoluevn emidbAVELD OL KAVOVEC TIOU adopoUv TNV EMITAXUVON

napapévouv Aavbacuévol.
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0.1

0.05

Caontral_orce
=)

&
7

1

<107

Displacement

x10%

Awaypauua 5.2.3.:Surface Viewer tou aocapr) eAeykth yia Tig e.oodoug Displacement-Acceleration:

Ita SlaypAappaTa META Tov acadr EAeyxo mapatnpeital andtoun Pelwon OTOUG MPWTOUG
XpOvoug tng dladikaoiag.

Displagément before (blue) and after (red) fuzzy 107 Velocity .. yéxeceleration before and after fuzzy
2 5 1
o o ]
E :
2 2 5 = 1
© @ @
24 > 40 8 -2
o <
5 -156 3
K -20 4
o 02 04 06 08 1 o 02 04 06 08 1 ] 0z 0.4 06 08 1
Time (sec.) Time (sec.) Time (sec.)
Displagément before (blue) and after (red) fuzzy 107 Velocity .. yéxeceleration before and after fuzzy
2 5 1
o o ]
E :
2 2 5 = 1
© @ @
24 > 40 8 -2
o <
5 -15 3
K -20 -4
o 02 04 06 08 1 o 02 04 06 08 1 o 02 0.4 06 08 1
Time (sec.) Time (sec.) Time (sec.)

Awaypopupo 5.2.4... Alaypaupuota SLOKUUAVOEWY UETATOMLONG- TAXUTNTAG - ETILTAYUVONG TPLV KL UETX TOV Qoapn
EAeyxo
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External Force - P (black) Control Force - z (rate red, total blue)

Force
T
f
!
|
!

1 1 1 1 1 1 1 1 1 |
0 01 02 03 04 05 06 0.7 08 09 1
Time (sec.)

-35

Ataypouua 5.2.5.. : eéwteptkn Suvaun pe T Uaupn SLOKEKOUUEVN ypauun, kot n duvaun eAéyyou ( oAwkn ue to
UTTAE xpwua, Kata avaloyia ue KOKKLVO)

MapatnpoUME TWG N MEYLOTN TIUA NG METATOMONG Ttapoucotalel avénon 550,5% tng
taxutntog 336,9 % kat tng emtayxuvong 100%. H aplBuntikr actoxia otn Seutepn Uog
SOKLUI TTOPAEVEL.

Before fuzzy After fuzzy %

Displacement | 9.851634828565168e- | 6.408555519013333e- | -550.5068
05 04

velocity 4.139225184463016e- | 0.001808534672449 -336.9259
04

Acceleration | 0.002273639901911 0.004547590195171 -100.0137

5.2.3.3" Sokun

e aut tn Sokwn Tpoomadrioape va SlopBWoOUUE KATIOLOUG ATO TOU KAVOVEG TNG
nponyouuevng Sokung. MNapatnprnoope pia pikprn PeAtiwon Twv enidavelwv aAAd Kal TwWV
oplOunTkwy amotedecpdtwy. Qotoco e€akoAouBel va UTMAPXEL AOTOXIO TWV AEKTIKWV
KOVOVWV KOl TO KPLTAPLO TOU TAEovacouoU kal TG oAAnAemidpaong ocuvexilouv va pnv
tnpouvtal.

Fuzzy Inference System Rules

1. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Null)

2. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Low-)

3. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Med-)

4. If (Displacement is Close L) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Med-)
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5. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is High-)

6. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Low+)

7. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

8. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

9. If (Displacement is Close L) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

10. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Low-)

11. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is High+)

12. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)

13. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)

14. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Low+)

15. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Null)

16. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Low-)

17. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Low-)

18. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Med-)

19. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Med-)

20. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is High-) (1)

21. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is High-)
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22. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is High-)

23. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is High-)

24. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)

25. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Min)

26. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med+)

27. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med+)

28. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Low+)

29. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low+)

30. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Null)

31. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Null)

32. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Low-)

33. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low-)

34, If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-)

35. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med-)

36. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Max)

37. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Max)

38. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is High+)
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39. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is High+)

40. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is High+)

41. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is High+)

42. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Med+)

43. If (Displacement is Close L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Med+)

44. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Low+)

45. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Low+)

210 ypadnuo LETATOMIONG — TaXUTNTAC Mapatnpoupal §Uo kKopudEg ou mpoPAnpatilouv
W¢ TPOC TNV eyyuTNTA TWV KOVOVWVY. AnAadn UTIAPXEL KATIOLA OOTOXlOL OE OPLOUEVOUG
Kavoveg ou adopolv TNV TaxvTnIA.

4] Surface Viewer: mamdami = B

File | Edit | View Options

-1
Displacement 5 x 107
WVelocity
X (input): Displacement v ¥ (NPULY Velocity + Z (output): Control_Force
s 15 Wins 15 Evaluat
Ref. Input: [NaM NaM 0] Plot points: 101 Help | Close |
Ready

Ataypapua 5.3.1..:Surface Viewer tou acan eAeyktr yia tig e.oodouc Displacement-Velocity:
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TG emPAVELEG TNG EMLTAXUVONG — TOXUTNTAC KoL TNG WETATOTMIONG — emitaxuvong Sev
tnpeital n povotovia mou BEAouE va €XOUE.

Edit View Options

Awaypauua 5.3.2.:Surface Viewer tou acapn eAeyktr yia tig e.oodoug Velocity-Acceleration:

Edit View Options

Awaypauua 5.3.3.:Surface Viewer tou acapn eAeyktr yia tig et.codoug Displacement-Acceleration
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MapoAo mou ol emidaveleg pag Sev elval ol eMBUUNTEG evlladEpov €xel auTh N SoKLUR WG

TPOG TO ypAdnUa TwV HETABANTWY UETA ToV aocadr] €AeyX0. JUYKEKPLUEVA TtapaTnpEeital

MEXPL TO XPOVIKO Staotnua dt=0.5 pia opalr) Sltakbuaven mpLv TNV anotoun Leiwon Toug.

4]

Figure 3

- cEEE

File

Edit

View

Insert  Tools

Desktop

Window  Help

-]

DEde | FRAOCDEL-E |08 |l

rlacement beforg4blue) and after (red Malxgity Accelerationpéfore and after fu

ic =
=2 _4 3 S,
= = ®
[i¥] ] s._
o -2 o 1 a0
2 g 2
2] Q
A 4 0 < -2
£ -1 4
0 0.5 0.2 0.4 0 0.5
Time (sec.) Time (sec.) Time (sec.)
rlacement befoyg4blue) and after (red\Malzgity Accelerationpéfore and after fu
2 5 4
= =
g O 0 a 2
£ = %
[iF] (] (=
o 2 2 5 Lo
s L 2
2] Qa
5 4 -10 < -2
6 -15 G4
0 0.5 1 0 0.5 1 0 0.5 1
Time (sec.) Time (sec.) Time (sec.)

Awaypoaupa 5.3.4. Alaypauuato SIAKUUARVOEWY UETATOTILONG- TAYUTNTAG - EMLTAYUVONG TIPLV KOL UETA TOV Aoapn

EAeyyo

External Force - P (black) Control Force - z (rate red, total blue)

rorce
°

02

05

Time (sec.)

08 09 1

Aaypopupas.3.5. @ eéwtepikn Suvaun pe TN UaUPn SLAKEKOUUEVN ypauun, kat n Suvaun eAéyxou ( oAtkn e T0
WITAE ypwua, kata avadoyia e KOKKLVO)

Mapatnpeital peydin alfnon Twv LEYLOTWY TIHWV HETA Tov acadn £leyxo. H petatomion

auavetal katd 345% n toxVTNTA KATA 287% KAl N €MLTA)UVon Kotd 186% .
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Before fuzzy After fuzzy %

Displacement | 9.851634828565168e- | 4.391005982036334e- | -345.7134
05 04

velocity 4.139225184463016e- | 0.001602660859549 -287.1886
04

Acceleration | 0.002273639901911 0.006517481158294 -186.6541

5.2.4 .4" Sokwun

2N tétaptn Sokiun mapoAo mou mopatnpenOnke Lelwon TNG HEYLOTNG LETATOTILONG LETA TOV

aocadn éleyxo pe mooootd 0,39% Sev eival LKAVOTOLNTIKA OXL LOVO ylati eival oAU pikpn

Mot KoL ylaTl £XOUHE HeyAAn al€non TG LEYLOTNC TOXUTNTAC KAl TNG HEYLOTNG EMLTAYUVONG.

O xpnotng ayvonoe SUo Baotkd AoyLka KpLtipla tou adopouv Tnv taxutnta SnAadn:

e Otav n tayxvtnta €xeL katevBuvon mpo¢ to onueio 0 n d0vaun emavodopdg Tou

ehatnpiou mpémnel va gival n uikpotepn duvarn .

e Otav n tayvtnta KateuBuvetal Mpog Ta akpaio onpeia n Suvaun tou shatnpiou

TPEMEL VAL €lval PLeEYAAN .

Q¢ aVOEVOUEVO TO SLAYPOLUO EAEYXOU UETATOMLONG-EMLITAXUVONG (Staypoppa 5.2.1) eival

OMOAO evw oto Slaypappota TaxutnTag-emtayuvvong(diaypappa 5.2.2.) kat tax0TNTOG-

petatoniong Siaypappa( 5.2.3.) mapatnpouvtal avwpaAieg wg mpog TNV mtdpAvVeLD TOUG.

Fuzzy Inference System Rules

1. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Null)

(Control_Force is Null)

2. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Null)

(Control_Force is Low-)

3. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Null)

(Control_Force is Med-)

4. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration

(Control_Force is Med-)

5. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration

(Control_Force is High-)

6. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Null)

(Control_Force is Low+)

7. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration

(Control_Force is Null)

8. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Null)

(Control_Force is Null)
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9. If (Displacement is Close L) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

10. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Low-)

11. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is High+)

12. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)

13. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)

14. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Low+)

15. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Null)

16. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Low-)

17. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Low-)

18. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Med-)

19. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Med-)

20. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is High-) (1)

21. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is High-)

22. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is High-)

23. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is High-)

24. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)

25. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Min)

45



Acadng EAeyXoG TAAQVTOUEVNG KOATOOKEUNG

26. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med+)

27. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med+)

28. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Low+)

29. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low+)

30. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Null)

31. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Null)

32. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Low-)

33. If (Displacement is Close_ L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low-)

34, If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-)

35. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med-)

36. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Max)

37. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Max)

38. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is High+)

39. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is High+)

40. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is High+)

41. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is High+)

42. If (Displacement is Close L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Med+)
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43. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Med+)

44. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Low+)

45. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Low+)

310 SLAypaUUa EMITAYXUVONG- LETATOMIONG €XOUUE pia e€ALPETIKA OHaAn MIPAVELX KAl N
povotovia TNG tnpeital. IJUUMEPAIVOUUE TWG UTIAPXEL CUUUETPLO OTOUC KOVOVEG TIOU
adopouv TNV EMLTAXUVON- LETATOTILON.

4] Surface Viewer: Spring-Mass4.14_5 = B

File Edit View Options

Contml'_oroe

1
2 .
Acceleration EEpSCe e
X (input): Displacement » ¥ (nput) Acceleration v < (output): Control_Force v
s 15 Y grids: 15 Evaluate
Ref. Input: [MaN @ NaN] Plot points: 101 Help Close
Ready

Ataypouua 5.4.1.:Surface Viewer tou acapn eAeyktn yia ti¢ etoodouc Displacement-Acceleration:

To Stoypaupota ToxUTNTOC — EMITAXUVONG Kal TOXUTNTOG —HETATOMIONG cuveyilouv va
anoteAouv MPOPAnUa 6cov adopd Thv CUPUETPpla Toug. H emuddveleg Sev lval opaAEg Kot
O€ KAmola onueia n povotovia yavetadl.
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4 Surface Viewer: Spring-Mass4.14_5 = =

File Edit View Options

8

=]

S

=

£

=

Q

Velocity 5

X (input): Displacement v ! (nPUt) Velocity v Z (output): Control_Force v
s 15 i 15 Evaluate
Ref. Input: [MaN Nah 0] HPIu-t points: 101 ‘ ‘ Help | Close | ‘
‘ Ready ‘

Ataypauuas.4.2 .:Surface Viewer tou acapn eAeykth yia ti¢ eloodouc Displacement-Velocity:

0 Surface Viewer: Spring-Mass4.14_5 - =

File Edit View Options

0.05
B
DJ_
5 (1]
£
5
Q
-0.05
2
x107? z 5 &
> “
Acceleration 5 Velocity i
X (input): Velocity v Y (input}: Acceleration v Z (output): Control_Force w
X grids: 15 ¥ grids: 15 Evaluate
Ref. Input: [0 NaM NaN] HPIDt points: 44 ‘ ‘ Help | Close | ‘
Ready ‘

Awaypauua 5.4.3..:Surface Viewer tou aocapn eAeyktn yia tig eloodouc Velocity-Acceleration:

Ta ypadrpato mou £X0UV VAl KAVOUV LE TO AMOTEAECHUATA LOG TIPLV KL LETA TOV EAEYXO OF
aut Tt oKl eilval apketd evBappuVTIKA. [0 CUYKEKPLUEVA €Vw O OAEG TIG
TiponNyoUeVeG SOKIUEG TapaTnpouvTay pia amdtopn peiwon , og autAv thv SoKLun apxilet

KoL mapatnpeeital pia Stakvpovon Petd tov acadn EAeyyo.
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Displagement before (blue) and after (red) fuzzy <10 Velocity . 1@eceleration before and after fuzzy
10 8 4
6 3
5 4 c2
5 S
£ z B
3 8 2 G 1
k<l ° ©
3 > 3
ao 0 <0
% =
5 -4 2
0 02 04 08 08 1 0 02 04 08 08 1 [ 02 04 08 08 1
Time (sec.) Time (sec.) Time (sec.)
Displagément before (blue) and after (red) fuzzy w10 Velocity . #celeration before and after fuzzy
10 8 4
6 3
E s 4 S 2
5 5
£ E ®
3 S 2 G 1
5| $ 2
) S 8
a0 0 <0
2 -1
5 4 2
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1

Time (sec.)

Time (sec.)

Time (sec.)

Aaypopupa 5.4.4... Ataypaupota SLOKUUAVOEWY UETATOTLONG- TOXUTNTAG - ETILTAYUVONG TPLV KL UETH TOV Qoa@l

EAeyxo

External Force - P (black) Control Force - z (rate red, total blue)

Force
T
4
|
|
|
!
i

05

Time (sec.)

TN TETaptn SOKLUN TAPATNPOUUE HELWON TNG HMEYLOTNG HETATOMIONG HETA Tov acodn

€\eyxo katd 0,39%. ITn UEYLOTN EMLTAXUVON Kol N KEYLOTN ToxUTNTa apatnpeital avénon

1,39% kot 1,05% avrtiotowya.

Ataypouua 5.4.5.. : eéwteptkn Suvaun pe T UaUpn SLOKEKOUUEVN ypauun, kot n duvaun eAéyyou ( oAwkn ue to

WITAE ypwua, kata avadoyia e KOKKLVO)

Before fuzzy After fuzzy %

Displacement | 9.851634828565168e- | 5.974181303209129e- | 0.3936
05 05

velocity 4.139225184463016e- | 8.506925667470110e- | -1.0552
04 04

Acceleration | 0.002273639901911 0.005437931790434 -1.3917
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5.2.5. 5" SokiuA

Ze auth TN SOk TopatnEOUVTOL TIOAU LKOVOTIOLNTIKA OTTOTEAECUOTA UETA TOV acadn
€\eyX0. JUYKEKPIUEVA €XOUUE HEYAAO TOOOOTO HeElwoNnG NG HEYLOTNG UeTatomiong (
74.0538%) , tng TaxutnTag (61.5032%) kot tng emtayuvong (40.8085%). MapoAa autd ota
Slaypdppota  eAéyyou HETOTOMIONG — TaxUTATAG KOL METOTOTIONG —  ETMLTAXUVONG
TapaTnPoUVIAL AVWHOAIEG WG TPOG Thv emudavela. Autod cupPaivel ylatl o xpnotng dev
€6woe Baputnta otn Aoyl TwV Kavovwy Kovta oto onueio tooppomiag . Otav n taxvtnta
KOl N emLTdyuvon lval peyaAn kovta oto onpeio 0 n SUvaun MPEMEL vaL Elval LLKPH YL TNV
opaAn Asttoupyia g tahdviwong . Etol mapatnpeitol andtoun Kol PeydAn pelwon twv
TILWV HOC WOTOo00 &gV UMAPXEL OUOAOTNTA OTNV TOAAVIWON. e auth T OOKLWUN
CUUTEPALVOUE TIOOO CNUAVTLKA VoL N OXEON TWV KAVOVWVY Tou adopolVv To «Simolo»
TOXUTNTA-ETILTAXUVON YLO T ApLBUNTLKA OIOTEAEGUATA LLOGC.

Fuzzy Inference System Rules

1. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Max)

2. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)

3. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Null)

4. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med+)

5. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

6. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-)

7. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Null)

8. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Med-)

9. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)

10. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Max)

11. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)
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12. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Null)

13. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med+)

14. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

15. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-)

16. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Null)

17. If (Displacement is Close L) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Med-)

18. If (Displacement is Close L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)

19. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Max)

20. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)

21. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Null) (1)

22. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med+)

23. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

24. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-)

25. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Left)
then(Control_Force is Null)

26. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Med-)

27. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)

28. If (Displacement is Close R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Max)
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29. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)

30. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Null)

31. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med+)

32. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

33. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-)

34. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Null)

35. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Med-)

36. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)

37. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Max)

38. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)

39. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Null)

40. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med+)

41. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

42. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-)

43. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Null)

44. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Med-)

45. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)
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Itnv emdpAVELD EAEYXOU TWV KAVOVWVY TOXUTNTOC EMLTAXUVONG TNPEitaL n povotovia Kot
elval e€atpetikd opaAn. OL kavoveg mou oxetilovtal pe th oxéon Metafl TtoxuTnTog Kol
EMLTAXUVONG Elval cwaTol.

4 Surface Viewer: Spring-Mass4.14_5 = =

File Edit View | Options

Control orce

=107
3 1 5 :
1072 . 2 Velocit
: Acceleration 4

X (input): Velncity v Y (input): Acceleration v | Z (outputk: Control_Force
T 15 I 15 Evaluate
Ref. Input: [0 NaM NaN] H Piot points: 44 ‘ ‘ Help | Close | ‘
Ready ‘

Ataypauua 5.5.1..:Surface Viewer tou acapn eAeyktn yia tig eloodouc Velocity-Acceleration:

To Slaypappa TaxUTNTAG-LETATOMONG TaPoUCLAlel KATOLEC LSlopopdieg Kot aTéAeLleC. AUTO
TIou umopol e va umoBéooupe PAEMoOvVTAG pia TETola emipAveLla ival TwG oL KOVOVEG Tou
€XOUV Va KAVOUV HE TNV €MITA)Yuvon €xouv Aoylkd AABn 1 eilvat AdBog oxeSlaopévn
OAOKANPN N GUVAPTNON CUULETOXNG.

0 Surface Viewer: Spring-Mass4.14_5 = B

File | Edit | View Options

Control orce

1]

x107
%107 Velocity 5 Displacement
* (nputy Displacement | ¥ (MPuty VERED) v | & (outputy BT P
X grids: 15 ¥ grids: 15 Evaluate
Ref. Input: [MaM MaN 0] ”Pl-u-t points: 1gq ‘ ‘ Help | Close | ‘
‘ Ready ‘
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Ataypauua 5.5.2..:Surface Viewer tou acapn eAeyktn yia tig eloodouc Displacement-Velocity:

H emuddvela PeTATONMIONG — EMITAXUVONG TAPOUCLATEL TIOPOMOLEG OTEAELEC HE TNV
TponyoUHevn €TMLPAVELD KOl TO CUUMEPACHOTO Yl TOUG KAVOVEG Tou adopolv Thv
gTLTAyuvon enipepatwvovtal

n Surface Viewer: Spring-Mass4.14_5 = =

File Edit View Options

Control orce

o 4 2
1 1 x107
Displacement Acceleration

%107

X (input): W (input): Z (output):

Displacement v Acceleration v

X grids: 15  grids: 15 Evaluate

Ref. Input: [Nal 0 Nal] Plot points: 194 Help | Close |

Control_Force v

Ready

Awaypauua 5.5.3..:Surface Viewer tou aoapri eAeyktr yLa ti¢ eloodouc Displacement-Acceleration:

Ta Staypdppota SLOKUMAVoNG TNG KLETATOMONG , TNG EMLTAXUVONG KOL TNG TAXUTNTAG KETA
Tov aoadn £heyxo mapouctdlouv pia opoAn SlakUpavon PE HELWON TWV UEYIoTWY TIHWV

Displagément before (blue) and after (red) fuzzy 104 Velocity 1heceleration before and after fuzzy
1 —_ ar 1 —
N — 2N
08 , 2t p AN ost A N\ AN A
B / N / \ ‘ . \ / ‘;f‘ l
5 hY s \ i
§oo £ /
g ] Z g I W ‘
& 0.4 > of 805 L\
a e “ \
02 S — At N - N\ /
y, — S AN
o == 2 15
0 vz 04 05 08 1 0z 04 08 08 1 ] 0z 04 08 08
Time (sec.) Time (sec.) Time (sec.)
Displasément before (blue) and after (red) fuzzy el Velocity 1Aeceleration before and after fuzzy
. [ 1 N
e .
08 / N 2 p \ o ‘ A
\ / \ iy,
H h / . £ A
E 06 z1 - \ I /
& 2 N & /
= = A w /
204 2o} \ 8 05 /
a / N <
/ — By /
02 /- at \ 1
— .
ol 2 15
a 02 04 08 08 1 o 02 04 06 o8 1 ] 02 04 08 08
Time (sec.) Time (sec.) Time (sec.)

Ataypoapua 5.5.4.. Aiaypaupato SIOKUUAVOEWY UETATOTILONG- TOXUTNTAG - ETLTAYUVONG TIPLV KL UETH TOV QoA@l
EAeyxo
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External Force - P (black) Control Force - z (rate red, total blue)

o 01 02 03 04 05 06 07 08 09 1
Time (sec.)

Ataypauua 5.5.5. : eéwtepikn Suvaun pe ™ Uavpn Stakekouugvn ypouun, kot n duvaun eAgyyou ( oAtkn ue to
UTTAE xpwua, Kata avaloyia ue KOKKLVO)

JTov TivoKa Tapoucldlovial Ol HEYLOTEG TIUEG TWV HETABANTWY HAC TPV KOL UETA TOV
ooadn €heyxo KabBw¢ Kal To MOCOOTO TG Melwong toug . Mo CUYKEKPLUEVA N UEYLOTN
METOTOMLON MELWVETAL KOTA 74% , n UEYLOTN TAXUTNTA KOTA 61% Kal n HEYLOTN EMLTAXUVON
kata 40%.

Before fuzzy After fuzzy %

Displacement | 9.851634828565168e- | 2.556120427150609e- | 74.0538
05 05

velocity 4.139225184463016e- | 1.593469247737982e- | 61.5032
04 04

Acceleration | 0.002273639901911 0.001345802232612 40.8085

5.2.6. 6" SokA

Ye autn Tt SokLpn e€akoAouBol e va UnV €XOUUE OUOALC eTLDAVELEG EAEYXOU TWV KAVOVWV
pog, mopolo mou €xoupe emBuuntd anoteAéopata. QotOco 0 XprHotng 6w mpoomnabei va
edapuooel T OUPMETpla oTadlaKA WOTE va NV UTMAPEEL amotoun auénon Twv
omoteAeopatwy. MapoAa outd oL Aoylkol HOG KAVOVEG €XOUV KATIOLEG OOTOXIEG TIOU
SlopBwvovtal og eEMOPEVEG SOKLUEG.

Fuzzy Inference System Rules

1. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Max)

2. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is High+)

3. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Med+)

4. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is High+)
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5. If (Displacement is
(Control_Force is Med+)

Far_L) and (Velocity is Null) and (Acceleration is Null)

6. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Right)

(Control_Force is Low+)

7. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Left)

(Control_Force is Med+)

8. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Null)

(Control_Force is Low+)

9. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Right)

(Control_Force is Null)

10. If (Displacement is
(Control_Force is Med+)

11. If (Displacement is
(Control_Force is Low+)

12. If (Displacement is
(Control_Force is Null)

13. If (Displacement is
(Control_Force is Low+)

14. If (Displacement is
(Control_Force is Null)

15. If (Displacement is
(Control_Force is Low-)

16. If (Displacement is
(Control_Force is Low+)

17. If (Displacement is
(Control_Force is Null)

Close L) and (Velocity is Left) and (Acceleration is Left)

Close L) and (Velocity is Left) and (Acceleration is Null)

Close_L) and (Velocity is Left) and (Acceleration is Right)

Close_L) and (Velocity is Null) and (Acceleration is Left)

Close_L) and (Velocity is Null) and (Acceleration is Null)

Close_L) and (Velocity is Null) and (Acceleration is Right)

Close_L) and (Velocity is Right) and (Acceleration is Left)

Close_L) and (Velocity is Right) and (Acceleration is Null)

then

then

then

then

then

then

then

then

then

then

then

then

then

18. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Right) then

(Control_Force is Low-)

19. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Left) then

(Control_Force is Low+)

20. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Null) then

(Control_Force is Null)

21. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Right) then

(Control_Force is Low-)
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22. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low+)

23. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

24. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Low-)

25. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Low+)

26. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Null)

27. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Low-) (1)

28. If (Displacement is Close R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Low+)

29. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Null)

30. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Low-)

31. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low+)

32. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

33. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Low-)

34, If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Null)

35. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Low-)

36. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Med-)

37. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Null)

38. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Low-)
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39. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Med-)

40. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low-)

41. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Med-)

42. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is High-)

43. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Med-)

44. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is High-)

45. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)

H emiddvelo HeTATOMIONG- TaXUTNTAG OMAEL TNV HOVOTOViO Kal auto ¢daivetal o KATIOLEG
ULKPEG KOPUDEC TTOU TIApATNPOUVTAL OTIOPOSIKA .

File Edit View Options

0.2
4
G
- (1]
2
E
a -02
x10% 0
Acceleration 4 z ) A=
Displacement
X (input): Displacement ~ ¥ (nputy Z (output): Control_Force v
X grids: 15 ¥ grids: 15 Evaluate
Ref. Input: [Na 0 NaN] Plot points: 4 Help Close
Ready

Ataypauua 5.6.1.:Surface Viewer tou acaprn eAeyktn yia tig eLoodouc Displacement-Acceleration:

‘Opola pe To MPOoNYyoUEVO SLAYPAUHUA £TOL KOL OTO SLAYPOLMO LETATOTONG- TOXUTNTOG SV
Tnpeite n povotovia.
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File Edit View Options

02
8
=]
= (1]
&
=
3 -02
-2
10
Velocity 2 4 2 ¢ x 107
Displacement
X (input): Displacement + ! (NPut) Velocity v Z (output): Control_Force w
X grids: 15 ¥ grids: 15
Ref. Input: [MaMN MaN 0] Plot points: 104 Help Close
Ready

Ataypauua 5.6.2.:Surface Viewer tou acapn eAeykth yia ti¢ etoodouc Displacement-Velocity:

To Sldypappa TaxUTNTAG-EMITAXUVONG TIapouoLalel kamoleg tSlopopdieg kot atéleleg. Autd
TIOU UMOpPOUUE va urmoB£ooupe BAEmovTag pia tétola entpavela lval mwe oL KOVOVEC TTou
€XOUV Va KAVOUV HE TNV EMITA)Yuvon €xouv Aoylkd AABn 1 eilval AdBog oxedlaopévn

OAOKANPN N GUVAPTNON CUULETOXNG.

File Edit View | Options

Cantrol orce

Acceleration 2 .
Velocity
X (input): Velocity w ¥ (input): Acceleration v £ (output): Control_Force v
X grids: 15 o grids: 15
Ref. Input: [0 NaN NaN] Flot points: | 11 Help Close
Ready

Awaypauua 5.6.3.:Surface Viewer tou acapn eAeyktn yia ti¢ etoodouc Velocity-Acceleration:
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Displagément before (blue) and after (red) fuzzy 1074 Velocity « 1eceleration before and after fuzzy
10 3 1
8
2 0.5
= 6
g 5
=l = 0
P 2 2
8, © ©
o >0 805
a <
B
-1 -1
-2
4 2 15
0 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 08 1
Time (sec.) Time (sec.) Time (sec.)
Displagément before (blue) and after (red) fuzzy %107 Velocity . 1heceleration before and after fuzzy
10 3 1
8
2 05
= 6
g 5
1 = 0
s, ° o
3 >0 8 05
=] <
S
-1 -1
2
-4 2 15
o 02 04 06 08 1 o 02 04 06 08 1 ] 02 04 06 08 1
Time (sec.) Time (sec.) Time (sec.)

Ataypouua 5.6.4... Ataypauuato SIAKUUAVOEWY UETATOTILONG- TAXUTNTAC - EMULTAYUVONG TIPLV KAL UETA TOV AOAPI)

EAeyyo

External Force - P (black) Control Force - z (rate red, total blue)

Force

05 06
Time (sec.)

0.

7 08 09

Awaypauua 5.6.5. : eéwteptkn Suvaun UE TN UaUPN SLAKEKOUUEVN ypauur, kot n Suvaun eAéyxou ( oAwkn ue to

UTTAE xpwua, Kata avaloyia ue KOKKLVO)

1o mivaka mapotnpeite Helwon TNG HEYLOTNG MUETOATOMLONG

Katd 53.9% tng HEYLOTNG

Tax0TNTOC Katd 42% KoL TNG MEYLOTNG EMLTAXUVONG Katd 37%.

Before fuzzy After fuzzy %

Displacement | 9.851634828565168e- | 4.437074550610617e- | 54.9610
05 05

velocity 4.139225184463016e- | 2.385288485241417e- | 42.3736
04 04

Acceleration | 0.002273639901911 0.001411887769157 37.9019
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5.2.7. 7" SokuA

Y& auth tn SOKLUN TOOO Ol TLPAVELEG EAEYXOU 00O KOl TO QPLOUNTIKA HOC OMOTEAECUATA
napoucldlouv KOAUTEPN CUUTEPLPOPA. ZUYKEKPLUEVA N HEYLOTN UETATOMLON LELWVETAL
KOTd 65.6056% Kot n péylotn taxutnta katd 45.9169% n emitayuvon mapouctdlel avénon
KOTA 47.1588%. H emidAVeELEG TOU EAEYYOU TWV AEKTIKWV KAVOVWV €lval OPOAEG.

Fuzzy Inference System Rule

1. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Max)

2. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Max)

3. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Max)

4. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Max)

5. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Med+)

6. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Low+)

7. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Med+)

8. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Low+)

9. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Null)

10. If (Displacement is Close L) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Med+)

11. If (Displacement is Close L) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Low+)

12. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Null)

13. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med+)
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14. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Low+)

15. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Null)

16. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Low+)

17. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Null)

18. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Low-)

19. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Max)

20. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)

21. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Null) (1)

22. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med+)

23. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

24. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-) (1)

25. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Null) (1)

26. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Med-)

27. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)

28. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Low+)

29. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Null)

30. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Low-)
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31. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Null)

32. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Low-)

33. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-)

34. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Null)

35. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Low-)

36. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Med-)

37. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Null)

38. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Low-)

39. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Med-)

40. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low-)

41. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Med-)

42. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Min)

43. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Min)

44. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Min)

45. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)

H emudavela Sltakipavong Twv Kavovwy mou adopolV TNV UETATONLON KAl TNV EMLTAYUVON
elval e€alpeTikd opaAn Kal tnpeitaL n povotovia .
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Control orce

Acceleration 4 Displacement

Ataypauua 5.7.1.:Surface Viewer tou acapn eAeyktn yia tig eLoodouc Displacement-Acceleration:

It emuddvela TaxUTNTAG — HETATONMIONG €XOUHME Mia opaAn emipavela. Qotoco
napatnpeital pia moAU pikpn €Aeuwpn povotoviog Adyo piog kKopudng oto KEVIPO Tou

SloypAppOTOG.

Cantral, orce

Velocity 2 4 Displacement

Awaypauua 5.7.2.:Surface Viewer tou acapn eAeyktn yia tig etoodoug Displacement-Velocity:

H emudavela tayxutntog — emtdyxuvong mapouotalel pia kaAn Staklpavon Kot eivot opaAn.

H povotovia tnpeitadt.

Cantrol arce

Velacity

Acceleration

Awaypauua 5.7.3.:Surface Viewer tou acapn eAeyktn yia ti¢ etoodouc Velocity-Acceleration

Mo KAtw PAEMOUME T SLAYPAUMUATO TG TAXUTNTAG , TNG EMITAXUVONG KAl TNG TOXUTNTOC
TPV KOl META TOV aoadr €Aeyxo. H KOUMUAEG pag £xouv pio opoAn StakOpovon UETA Tov

aocadn EAey o HE Helwaon TWV PEYIOTWY TILWV TOUC.
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Displagement before (blue) and after (red) fuzzy e Velocity . 1heceleration before and after fuzzy
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Aaypoppa 5.7.4.. Ataypaupota SLOKUUARVOEWY UETATOTLONG- TAXUTNTAC - EMUTAYUVONG TIPLV KL UETA TOV Qoapl

EAeyyo
External Force - P (black) Control Force -z (rate red, total blue)
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Ataypauua 5.7.5. : eéwtepikn SUvaun pe ™ uavpn Stakekouugvn ypouun, kot n duvaun eAgyyou ( oAtkn ue to
UTTAE xpwua, Kata avaloyia ue KOKKLVO)

H HéyLoTn PETATOMLON KO TAXUTNTA LELWVETOL LETA TOV aoadr EAeyXo e OCOOTO 65.6%

Kot 45.1% avtiotowa. H péylotn erutdyuvon avéavetal kotd 47,1%

Before fuzzy After fuzzy %

Displacement | 9.851634828565168e- | 3.388410748303201e- | 65.6056
05 05

velocity 4.139225184463016e- | 2.238621215099585e- | 45.9169
04 04

Acceleration | 0.002273639901911 0.003345861963517 -47.1588

5.2.8.8" §6kiun
Oucolaotikd n teheutaia poag Sokiun elval mMoAU Kovtd otnv TponyoUpevn. AuTO Tou

edbapuoocape edw o NTav vo aAAdoupe, Hetd amd MoAAEC SoKLUEG SUO Kavoveg ( Tov 3 Kat

Tov 43).
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napatnpnOnke pia pkprn actoyio. Me auto Tov TPOTO EKTOG TOU OTL BEATIWONKE N KL GAAO N

TOLOTNTA TNG EMLPAVELNG TOU CUYKEKPLUEVOU SLaypAUUaTog lyope Kal peyahn BeAtiwon wg

TPOC T APLBUNTIKA OMOTEAECUATA HOC. JUYKEKPLUEVA TIOPOUCLACTNKE Helwon peyiotng
METaTOTONG KOTA 68.6417% tng péylotng toaxutntag koatd 40.9545% kot avénon tng

UEYLOTNC ETITAXUVONG Katd 27.4111%.
Fuzzy Inference System Rules

1. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Left)
(Control_Force is Max)

2. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Null)
(Control_Force is Max)

3. If (Displacement is Far_L) and (Velocity is Left) and (Acceleration is Right)
(Control_Force is Null)

4. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Left)
(Control_Force is Max)

5. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Null)
(Control_Force is Med+)

6. If (Displacement is Far_L) and (Velocity is Null) and (Acceleration is Right)
(Control_Force is Low+)

7. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Left)
(Control_Force is Null)

8. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Null)
(Control_Force is Low+)

9. If (Displacement is Far_L) and (Velocity is Right) and (Acceleration is Right)
(Control_Force is Low+)

10. If (Displacement is Close L) and (Velocity is Left) and (Acceleration is Left)
(Control_Force is Med+)

11. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Null)
(Control_Force is Med+)

12. If (Displacement is Close_L) and (Velocity is Left) and (Acceleration is Right)
(Control_Force is Null)

13. If (Displacement is Close L) and (Velocity is Null) and (Acceleration is Left)
(Control_Force is Med+)

14. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Null)
(Control_Force is Low+)
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15. If (Displacement is Close_L) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Null)

16. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Null)

17. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Null)

18. If (Displacement is Close_L) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Null)

19. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Max)

20. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Med+)

21. If (Displacement is Equilibrium) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Null)

22. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Med+)

23. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Null)

24. If (Displacement is Equilibrium) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-)

25. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Null)

26. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Med-)

27. If (Displacement is Equilibrium) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)

28. If (Displacement is Close R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Null)

29. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Null)

30. If (Displacement is Close_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Null)

31. If (Displacement is Close R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Null)
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32. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Low-)

33. If (Displacement is Close_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Med-)

34. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Null)

35. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Med-)

36. If (Displacement is Close_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Med-)

37. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Left) then
(Control_Force is Low-)

38. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Null) then
(Control_Force is Low-)

39. If (Displacement is Far_R) and (Velocity is Left) and (Acceleration is Right) then
(Control_Force is Null)

40. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Left) then
(Control_Force is Low-)

41. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Null) then
(Control_Force is Med-)

42. If (Displacement is Far_R) and (Velocity is Null) and (Acceleration is Right) then
(Control_Force is Min)

43. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Left) then
(Control_Force is Null)

44. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Null) then
(Control_Force is Min)

45. If (Displacement is Far_R) and (Velocity is Right) and (Acceleration is Right) then
(Control_Force is Min)

Mo katw moapouclalovtal oL TeEAKEG emudpdveleg opaAng Asttoupylag Twv kavovwy. Ot
emupaveleg aoadoug EAEYXOU TWV KAVOVWY TNG HETOTOMLONG — TOXUTNTOC , TNG TOXUTNTOC
ETUTAYUVONG KOL TNG LETOTOTILONG ETLTAXUVONG €lval OAAEC KAl TNPELTAL OL plovoTovia Touc.
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a010%|onuog

Displacement

Acceleration

Awaypauua 5.8.1.:Surface Viewer tou acapr eAeyktn yia tig etoodoug Displacement-Acceleration:

aco?|onuog

Velocity

Acceleration

Awaypauua 5.8.2.:Surface Viewer tou acapn eAeyktn yia tig etoodouc Velocity-Acceleration:

aa10”|oauon

Displacement

Awaypauua 5.8.3..:Surface Viewer tou aoapn eAeykti yla ti¢ e.oédouc Displacement-Velocity:
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Ta Slaypaupata HeTd tov acadn EAeyxo €xouv pia opoAr SLokOUAVoN KoL EXOULE OUOAN

anooBeon TG TaAGvtwonc.

Displagement before (blue) and after (red) fuzzy <10 Velocity . 1éxéceleration before and after fuzzy
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Aaypoaupa 5.8.4.. Ataypaupoata SLOKUUARVOEWY UETATOTLONG- TAXUTNTAC - EMUTAYUVONG TIPLV KL UETA TOV Qoapl

EAeyyo

External Force - P (black) Control Force -z (rate red, total biue)

Force
N
£

0 01 02 03 04 05
Time (sec.)

Ataypouua 5.8.5. : éwtepikn SUvaun pe ™ Uavpn Stakekouugvn ypoauun, kot n duvaun eAgyyou ( oAtkn ue to

WITAE ypwua, Kata avadoyla e KOKKLVO)

‘EXoUupe Helwon TNG MEYLOTNG METATOMIONG KAl TaxUTntag Katd 68.64% kot katd 40.9%

avtiotolya. H péylotn emtayxuvon auéavetal kotd 27.4% .

Before fuzzy After fuzzy %

Displacement | 9.851634828565168e- | 3.089308302856129¢- | 68.6417
05 05

velocity 4.139225184463016e- | 2.444027401136702e- | 40.9545
04 04

Acceleration | 0.002273639901911 0.002896868981828 -27.4111
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JUUTEPACHLOTO

ZKOTOG TNG MAPOUCAG EPYACLag Elval va TOVIOEL OTL N KATAOKEUT VOGS aoadoUG EAEYKTN, Kal
OUYKEKPLUEVA N E€MAOYH TWV OUVOPTACEWYV OUUUETOXNAG, TWV AEKTIKWV TIHWV TWV
petaPAnTwy Tou Sev mpEMeL va yivetal pe auBaipeto Tpomo.

ATOSELKVUETAL OTL N Xpron “amoAUTwC” CUUUETPLKWY CUVOPTHOEWY CUUUETOXNG OmOTEAELL
TO pHovadiko Tpomo anoduyng amokAioewv otig €€66oug eheyktwyv tUTTou Mamdani gvog
erunédou. H xpnon “amoAlTwe” CUPUETPIKWY ouUVOPTHOoEWV avadépetal otn BBAloypadia
w¢ n BéAtotn duvarn, xwplc oW va ylvetal AOYoC YL OCUVETIELEG QTMOTEAECUATWY OE
TEPUTTWON KN EMAOYAG TOUG KATA TNV KATOOKEUN aoadwVv CUCTNUATWY EAEYXOU TUTIOU
Mamdani.

Quolkad av xpnollonolcoue kamola péBodo BeAtiotonoinong, OnMwe yla Mopadelyua Eva
VEVETLKO 0AYOpLOUO, yla TN pUBLLON TWV CUVOPTHCEWY CUHUETOXNG N CULUETPLKOTNTO AUTH
Sev elval anapaitnto va tnpeital.

O eleyktAG TOU SNULOUPYNOAUE NTAV TPLWV HETAPANTWY £l0686wv Kal w¢ HEBoSOG
anoacodornoinong xpnolwuonotnbnke ekeivn tou kévtpou Bdpoug, kabwg eival n mAéov
oTaBepn KoL EUPEWCS XPNOLUOTIOLNUEVD.

O Ttpomo¢ olvBeong Twv Kavovwyv Kol n emloyn g kKataAlnAdtepng pebodou
anoacadonoiong eivat kpiowng onuoaociag. Emiong upmopel va xpnowuomnoinBel kdamola
pHEBoSo¢ BeAtiotomoinong yia t PeATtiwon Twv XapaKTNPLOTIKWY TOU €AEYKTH GUVOALKA. O
oplBude twv pebddwv cuvBeong kol amoocadnviong mou €xouv TAéov avamtuxBel sival
MEYAAOG. lowg KATOlog ouvdUACUOE Toug va odnyel oe kaAUutepa amoteAéopata Ooov
adopd eAeyKTEC TTOAAWYV Babuidwy.
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