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Abstract

To @aivopevo TOU TIAPAPEIPIKOU H1ATOIXIOPOU €ival €va @AIVOHPEVO TIOU
arnaoxoAei onpavukd ) ouyxpovn vauoturtdoia. To gawodpevo eivat yvooto arnod
Tov 19° aldva evtoutolg 1 €peuva tou evtatikoro|fnke arod to 1950 kat petd
arno toug 61e0veig opyaviopoug. Edika oe eprnopsupatokifetiopopa mioia (kat
YEVIKA O€ @Ooptnyd 1mdoia) 1o @aivopevo gival mo ouxvo Katl ermkivéuvo, Adywn
TOU OUYKEKPIHEVOU OXIIATOG YAOTPaAS.

Zto rtapeABov €xouv xXpnotportonOet p€Bodot pofAeyng tou paivopevou AAAeg
pe erutuxia, dAAeg oxt. Epeig xprnowponotovpe yia mmpwtn Qopa Tov Iapatnpnty)
turnou RISE (Robust Integral of the Sign of the Error), mou eivat Baociopévog
0 VEUPOVIKO H1KTUO, 0 O1010G eriTuyxXAvel audnpévn eUpmOoTia KAl KAAUTEPT
anodoon yua v avixveuorn Aabmv oe 0XEon PE TOUG TUTIKOUG TTAPATHPNTES.

Xpnowonowwviag tVv efiowon Mathieu npocopowwoape v Kivnon v
@opINY®V TMAoiwv 0t OUVOINKeG TMAPAUEIPIKOU H1ATOXIOPOU Kal e§ayape tn
yovia dtatoxiopou. Lt ouvéxela dwoape ta i6wa dedopeva oe €va mapatnpntr)
tunou RISE yia va avayvepioet kat va mpoBAéwet 1o pawvopevo. Ietuxape, o
napatnPEnNIg pag, Petd and apkereg SoKIEg va Kavel aloroteg rpofBALyelg
ya v unapln TAapapeIplkoU OUVIOVIOHOU, HE TOAU HIKPO o@dApa. Auto
propei va Ponbnost ounv dnpioupyia veupevikou Swktuvou 1o oroio Ba
eknta1devETAl PE TETO10 TPOTT0, WOTE VA MTPOKAAEL TNV €§AAEYPT] TOU PATVOUEVOU.
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Kepalawo 1

1.1 Ewayoyn

To @awopevo 10U TIAPAPETIPIKOU OHATOXIOPOU aAv KAl YVRAOTIO OtV
EMOTNMOVIKY Kowotnta ndén amd ta péoa tou 200U alwva, CUYKEVIPOVEL Td
tedevutaia poAg xpovia to aunuévo evdlagepov twv 81ebvav opyaviopav (IMO,
VNOYVOHOVEG) TIOU aoxXoAouUvidl pe Vv euotdBfela rmAoiou kat 1o avayvepifouv
nmAéov @G pla véa didotaon otov topéa tng duvapikrg euotabelag mou uro
npoUnoBeoelg propet va 0dnyrnoet akoOn Kat otV avatpoIr) 10U OKAPoUS.

H mootukn) Kat 1moootiky] Meptypa@r] ToU UNXAVIOHOoU II0U EITPEPEL TOV
MAPAMPETIPIKO  SlatoxXiopo  evog  1doiou  Oewpeitar  onpepa  1daitepa
Kavorontuky). H 8uvapikn tou @aiwvopévou eival TMANP®S KATAvVontr) Kt
0UOla0TIKA TauTifetal pe exkelvn €vog €KKPEPOUG TO OIoio Pe amwAsla ng
euotaboug Kivnorg ToU EKTPETETAL TIPOG Ta AV, OTav 1o onpeio apOpwong tou
Oev eival otaBepd aAdd petarwveital meplodikda ot Katakopuen devbuvon pe
KAtaAAndo mAdAtog Katl ouxXvotnta.

Navtikd atuxnpata oV tEASUTaioV 1OV Iou od1yrnoav og drmAeld eopTinv Kat
oKa@®V KAl ogeidoviav otnv  ep@avion aipvidlou, peyddou 1mAATOUG
dlatowxiopou, PBprkav v eppnveia ToUg OTO QATVOHUEVO TOU ITAPAHETPIKOU
ouvtoviopou. Tautoxpova €6woav v agoppr] oto Awebvr) Nautldiako
Opyaviopod (IMO) va xkwvnBei ripog ) kateubuvor) g avabewpnong - PeAtioong
[21] tov Kpunpiev ABKing euotdabelag, 1ou £wG Tov rpooeato Kodika "2008
Intact Stability Code" (arto6 to Mawo 2007) avupetomiav pe erm@ulain 1g
eCedifelg ot vaunnywkn esrmotpun kat 10iwg exkeiveg mou avag@époviav ot
duvapikn oupmEPIPOPA TOU OKAPOUG €V TTIAR.

Auvapikd @awvopeva oneg 1 aubsvilkin) KAl TAPAPETPIKI] aotaBewa, 10
broaching* kat o ouvioviopdg KAAOO1KOU TUIIOU HOALG Tpoo@ata dpxioav va
adtodoyouvtat oe pa rnpoortaBeia B€oTiiong KPpunpiev yla v arog@uyr) toug,
Kpunpiov nou epappoloviat eite oto otdadio oxediaong 1ou oKAPOUG £ite OTO
0tdd10 XEPIOPOU £V TTA®.

H mpoogatn, Bedtiopévn [22] "Obnyia mpog tov [MAoiapxo yia tv aro@uyr
emKivOUVOV Kataotdoenv o duopeveig Kalpikeg kat Baddooleg ouvOrnkeg" ou
exb00nke aro tov IMO tov Iavoudapilo 2007 arotedei pia térowa mpoortadeia.
Avtiotoxeg rpoorndfeleg ITOU TAUTOXPOovVaA ATTOTEAECAV 081 yO OTNV EKITOVNOT] THG
napouong epyaociag arotedouv 1n odnyia [23] tou opyaviopou ITTC
(International Towing Tank Conference) kat n odnyia [24] tou Apepkavikou
vnoyvopova ABS ( American Bureau of Shipping).

*broaching éxoupe otav Adyem tou avepou ocupPaivouv aldayég otrn pota Tou rmioiou, ot oroieg Hev propouv
va avuotafpiotouv ard 1o nndaldilo. AUtO €Xel MG ATTOTEAEOHNA TO OKAQPOG va dlatoxiotel ermkivéuva kat av
bev edeyxBei propei va obnyr)oet o€ avatport).
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H mnapovoa O6utleopatikn epyacia ermuxelpel va 1poPAgéyel v unapsn
MAPAPEIPIKOU H1ATOIXIOP0U O EUTOPEUPATOKIBOTIOOpa TTAoia tou TIALouv o€
ApPoOVIKOUG OJlapnkelg KuUpatiopoug Kat Oev  enekieiveral ot MEPINTOOT
(PUOK®OV — AKAVOVIOT®V KUHATION®V AOY® T1G MOAUTTAOKOTNTAS TOU (PATVOHEVOU
rou artotedei tpéxov rnedio €peuvag g VAUTYIKIG EIMIOT NG KAl yid TO OItoio
dev exouv datunwbei €wg twpa ouykekpéva kptpla sunddeiag. H epyaoia
nieplopifetal emiong otn peAetn g eurndbelag povo oe "KUPLO TAPAPEIPIKO
ouvioviopo" pe 6edopévo OTL autog €xel 10laiteprn MPAKUIKI] €@ApPUoyr ota
rmdoia[25].

Zto mapeABov €ytve avdldoyn SouAeld yia v mpoPAsyn TOU PATVOPEVOU TOU
MAPAPETIPIKOU  H1aTOXIOP0U, aAAd 1 avixXveuor €ylve M€ IO KAAOOIKEG
pebodoug onwg pe tn xXpnon @idtpev Kalman 1 dAAov veUpoVIKGOV S1IKTUGV.
Zinv napouoa SUNA®PATIKI] Xpnotponoleital yia v avixveuon kat nipofAeyn
TOU @aivopévou yla rnpwtn gopa o napatnpnts RISE (Robust Integral of the
Sign of the Error) o omolog ermtuyxdvel au§npevn €Upmotia KAl KAAUTEPD
arntodoon yua v avixveuon Aabmv oe 0XEon Y€ TOUG TUTIKOUG TTAPATNPNTES.

EmAéSape va epeuvrijooupe epunopeupatokifotio@opa rmoia Ady®  tou
OUYKEKPIHEVOU OXIATOG yAotpag rou 61ab£touv, 1o oroio ta KAvet 1o eurnadn
aro ta urnodAdolrna 1Aoia og TIAPAPEIPIKO H1ATOIX1IOPO, aviiBeta pe v Kowr)
aroyn, 1ou ta Oswpel aoc@aléotepa TV UTOAOIMIOV AOY® TOU HEYAAOU TOUG
oykou. Emmumdéov o1 ouvéneleg amo KATtaotpo@eg TEToou eidoug 1Aoiwmv
TMIPOKAAOUV PEYAAEG ATIMAEIEG OF EUIMOPEVUPATA KAl €XOUV PEYAAEG AOPAAIOTIKES
KaAuyeg.

T1 netuUxXape:

e Aweaywyn AN poug rmapatnpnong Kat pooopoimnong Tou napaperpikou
dlatoxiopou kat e§aywyn g yoviag diatoxiopou.

e Emiteudn opbng extipnong tng yoviag 61atoxiopou, p€o® tou
napatnpnt) RISE.
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Cargo ships
M.K. 11
SD I4F
REEDOM
CONCORD
TENIKON SANTA FE
| ®OPTION FORTUNE
General Cargo
= Metalatopépa
Litap@diko
- ®OPTIOY G®OPTHTA L | OOPTIQN Towpeviadixo
Dry Cargoes Ships Tramps Bulk Carier Tevixiig Xpijong
Klaoixot tinov
Epnopevpanxifotiov
®OPTHTA Ténov LASH
I'PAMMHE Tinov SEABEE
Cargo Liners Roll on - Roll off
Qop1iyé Mini
LYNAYAIMENQN| | METAAAEYMA - Avtoxuvitadixo
|| METAQ®OPQN YTPO Zo@bixo
Combination
Cargo Ships Ore/oil/carrier
0O.B.O.
| Ore/Bulkoil
TENIKHZ
— XPHIHE [TPOIONTQN
e | I IETPEAAIOY
mm : || General purpose Product Carrier
Crude oil carrier Tinkar
POPTIOY YIPAEPIO®OPA | | | GOPTION
. LPG & LNG Chasiical
0il / liquids Ships Tanker
OINODOPO
Alcohol Tanker

Ewova 1.1 Turnot goptnyev rmioieov
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1.1.1 To xivntpo pag

O mapaperpikog H1atoxX10P0g eival €va @aivopevo pe UPNAT ITOAUTTAOKOTNTA,
10 oroio oto TapedBov €xel Tporadéoel apkereg Osapatikég Oaddooileg
KAtaotpo@eg, OU0 €K TV oroinv Oa meplypa@ouv nmapakdt®. Auto pag obnoe
oo va mnpoorabrjcouple va avayveopi{oupe To @AIVOPEVO OUT®S GOTE vad
npoAapfdvovial Kataotpo@eg avaloyeg TRV IT0 KATW:

1.1.2 To neprotatiko tou APL China

Tov Oxktwfptlo tou 1998, 10 gpnopsupatokifwtiopopo* APL Kiva, rou taideue
arnto 1o Kaohsiung mnpog to Seattle, BpéOnke oe pa rataryidba oto Bopeto
Epnviko Qreavo. Kata ) diapkela g dwdekdwpng ratayidbag avapepOnkav
yavieg dtatoxiopou pexpt kat 35 pe 40 Badbpoug. To poptnyo mmAoio rjtav 6upa
NG HPEYAAUTEPNS ATIMAEIAG EPITOPEUNATOKIPOTIOV TTOU UIr)pSe IOTE KATA TO
tagidt. And ta 1200 epnopeuvpatokifotia, 388 sunopsupatokiBetia Ereoav
ot Bddacoa kat erurdéov 400 gpropeupatokifotia vreotnoav {NUEg mave
oto rdoio. Epnopeupatokifotia Kat epriopevpata KPEPoviav Kat aro tg dvo
MAEUPEG TOU TTAOI0U, TO o1toio Kat 1o 1610 eixe abetl apketr) {Nuid, Oonwg Propet
va @avei oty ewkova 1.1. Ot ao@aldioteg ektipnoav ot 1o Xapévo @optio agile
rneploootepa arno SO exkatoppupla SoAdpla, moood peyalutepo anod v agia tou
mloiou. To meplotatkd autd BOewpeital @G 1 PeEYAAUTEP KATAOTPOPT)
gunopeuPatoK1Pticov otnv 1otopia.

APL CHINA

A Manmy

Ewova 1.2 To neprotatko tou APL China. (e1kdveg arnd www.cojeen.com)

*AOY® G peydAng oe prjKkog oUvOeng autrg ovopaoiag, Ba xpnotpornoteitat o 6pog PopINyod IAoio
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1.1.3 To neprotatiro tou Maersk Carolina

Tov Iavouapiou tou 2001, to goptnyod mroio Meersk Carolina, tadibeue aro to
Algeciras nipog to Halifax. To ouvoAikd goptio tou rmioiou rfjtav 36 021 tovot.
Me tov Kapo va erudeivoveral avatodika g Nova Scotia kat ) 6dAacoa va
«POUOKQOVEL, TO TTAolo akodouBnoe v turukr Owdikacia. Me peliopévn
TaxXUInIa £0TPIYPE KATA PEIMI0 IPog TtTa Kupata. Evioutolg to mloio extednke
0¢ £CAPETIKA UPNAO MAPAPEIPIKO H1ATOXION0, Iaparndve ano 47 poipeg rou
etvat n péyotn tun nou propei va 6ei§el 10 CAAOPETPO TOU KATACTPOHLATOG.
Tnv mpaypatkn yovia Oatoxiopou Ogv propoupe va v yvepifoupe.
Tautoxpova 1o 1mdoio Biwoe anotopeg avandAoelg Kal POVEUCTAOUOUG, EVA TO
MANPOUA aVEPEPE OTL 1 Kivnon S1aTtoX1opoU ep@aviotnke arno 1o roubevd Kat
dnuoupynOnke péoa oe Alyeg meplodoug. Tepdotieg moodnieg “green water”,
(6raBpoxn xkataotpe®pAtog)* mapatnenOnKav mave oto OKAPoS KAB®MG auto
IMPOOEKPOUE TAVR o0t O1adoxikd Kupata. Otav 1o rmloio tedkd €@raoce OTo
Halifax (Ewova 1.3), petd amo épeuva Owamotndnke ou 133
gunopevpatoKifotia xadnkav ot OdAacoa, kat SO gpnopeupatokiBotia sixav
Kataotpa@ei. LUVoAlKd, 1n {nuud oto @optio Semépace ta 4 erkatoppupla
6oAdapila. To 1610 1o mMAoio, emiong uneotn {NpiEg, Kat napatnpndnke ot eixe
1e0el UMO peydAn rmieon.

ictiniiastial sl

i)

il

MK RIS IS

i

*“green water” Bewpeital o 6ykog vepou 1ou Ppiokete nave oto rmdoio Kat aroteAeitat kabapd amod vepo oe
uypr Hop@r), oe aviibeon pe 1o «Agukd» vepd mMou amoteldeital and €va peiypa uypou KAl agpa (agpog 1)
otayovidia). To «rpdovor vepo Bempeital e§atpetikd emKivouvo.
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1.2 To @aivopevo

1.2.1 ITapapeTPLKOG CUVTIOVIONOG

O napaperpikdg CUVIOVIOHROG H1a@EPEL ATTO TOV «KAVOVIKO» GUVTIOVIOHO, O OIT010g
xXapaktnpifetat ano s§ntepikeg duvapelg.

...... ) - ] y 3
time time

Ewova 1.4 «Kavovikdg» ouvtoviopog [Mapapetpikdg oUVTOVIONOg
(o1 afoveg x kat time eivat onv 1d1a kKAtpaka)

Otav n ouxvotnta odrynong ooutatl Pe T QUOIKL OUXVOTITA TOU TAAAVI®T] O
éva ouotnua, n evépyela avd rnepiodo mou peragepetal otov TaAavietr) eivat
peyotn. 'Etol, 1 @uowki) ouxvotnta TOU OUCTHRATOS KAAgital ouxvotnta
ouvtoviopou[l]. O TAPAPETIPIKOG OUVIOVIOHOS €ival 1o  @AvOPEVO ITOU
MPOKaAAgital AOy® NG PNXAViKig H1€yepong Kal TAAAVIOONG 08 OUYKEKPIIEVEG
ouxvotnteg,[2]. O Mapaperpikog OUVIOVIONOG TPoKadel To @aivopevo 1Ing
aotabelag. Xe TAPAPEIPIKO OUVIOVIOPNO TO TMAATog TG aotaboug Auong
audavetal eKOETIKA OTO ATEPO 0TS @aivetal oty ekova 1.5. Aebopevou ot n
(PUOIKI] OUXVOTNTA TOU OUCTIHATOG ITpooeyyifetal, 10 MAATog g TAAAVI®OONS
yivetat peyaldutepo.

A Resonance
Response
Amplitude
(Z2)

F/k

»

©n Excitation force frequency (m)

Ewova 1.5 [TAdtog taAdvi®ong ouvaptrost g ouxvotntag H1€yepong
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1.2.2 ITapapeTpiROG S1ATOIXIONOG

O napaperpkog 61aT0IX1I0P0G eival mpo@avwg £va @AlVOPEVO TTAPAPEIPLIKOU
ouvtoviopou. O TMapapeTplkog OH1atoXIopog eivatr €va  auToIapapeIPko
@PAWOPEVO OUVIOVIOPOU* Kal avayvepifetalt g pua aipvidla Kal OnNpaviki)
evioxuor) tou rmAdtoug dratoxiopou oe draprkelg 6ddaocoeg**. I[Ipokaleitat anod
) neplodikr) petaPoAr) g eykapolag euotdBelag tou 1mloiou oe autd to e1dog
KUPATIOPoU, 1 oroia Xapakinpifetat and v aunon g euotdBelag otav to
oxkAa@og Ppebel otnv Koldada tou KUpatog Kat avtiBeta amnod ) peiwor g otav
auto Bpebel ot Kopuer) Tou.

To @awopevo mporkaleital anod pia ocUCOWPEUOT Kivnong H1atoxXiopou Turou
Mathieu. H kivnon autr) evepyortoteitat otav ocuvdualoviatl KATO101 IApAyovieg
ON®G OTaV 1] QUOIKI] CUXVOTNTA §1ato1X1opou givat ToAAAAdolo tou poou g
OUXVOTNTAG OUVAVINONG KAl TO HUIKOG TOU KUMNATOG €ival OUYKpiowo He 1o
pnkog tou 1doiou. Eved 10 @aivopevo TOU TAPAPETIPIKOU  OUVIOVIOHOU
dlatoxiopou eivat yvwoto amd 1o 1950, povo tg tedeutaieg Serastieg
napatnenOnke éva auvlnpévo esvdlapépov yia autdo. Autd ogeidetal ev pEpet
otV auénon oe autod 1o €idog epropiou, addd KAl T@V d1APOPOV KATACTPOP®OV
ITOU TTPOKAAEOE TO @avopevo oe rmAoia drapopetikov TUNwv. I[Iapd 1o yeyovog
OTL ITPOKELTAL Y1a €va eIKivOUvo @aivopevo, evioutolg dev propet va oupfet oe
KABe 1Aoi0 o0g ormolodrote ouypr. Oplopéva eumnelplkd  Kpupla  Iou
arnaltouvial yia v €R@Aavior) Tou Iapaperpikou H1atoxiopou sivat:

e H ouxvomta ouvavinong va eivatr oxedov ion pe 1o dutddolo ng
(PUOIKIG OUXVOTNTAG §1aTo1X10110U

e To prKkog 1@V KUPAT®V va €ival avaAoyo ToU PI)Koug ToU ITAOIoU

e Enapkég Uyog KuUpatog

e XXeuKkd Xapndr anoofeon diatoxiopou

Ernpedder moAda €idn mdoiov o6nwg alilevtika mioia, Kpouallepdrdola xat
@optnyd 1mdoia, AOy® TOU OUYKEKPIPEVOU oxnpatog yaotpag (hull). Znpepa ta
@opINYyd TAoia €XOUV XAPAKINPIOTIKA HeyaAo dvolypa pdaokag (bow) xat
npoefoxn Ipupvng, KATl TMou ta Kafwotd e§aipetika  EITIPPEIL]  OTOV
APAPEIPKO dratoxiopo. ‘Otav autog oupfel, n yovia diatoxiopou propei va
@taocet pexpt kat g 40 poipeg ot XepodtEPN IMEPIMIOON, PEOA O HPEPIKEG
rep1odoug. ApKetd peyddeg taAavimwoelg H1aToX1I0PoU UIToPEel va IIPOKAAECOUV
HEXPL KAl To Prnatdplopa tou mioiou.

*QUTOTIAPAPETPIKOG CUVIOVIOHO0G oUupfaivel o€ ouotrjpiata Imou AroteAouvial ano moAAd urnocuotpatd, otav
éva ard ta vurnoouotpata Oeyeipel mapaperpwkd €va daddo. To mpwtevov ovotnpa Soveitar efattiag
£EWTEPIKAOV 1] MAPAPEIPIKOV Sleyépoewv 1] Adyw autd-6i€yepong, kat Sieyeipel ta aAAa urnoouotrpata. Av
mAnpPouvIal oplopeveg TMPOUIoBEoelg, KAMO0 Ao Td UMOOUCTHATA AUTd HUIIopoUvV HE T O£lpd TOUg va
Oleyeipouv MepAltEP® TO MPPIEVOV CUOTNHA.

**daprkelg OdAaocoeg €xoupe Otav Ta KUPATA €XOUV AOY® TOV KAIPIKOV OUVONKQV IEPLO0OTEPA
XAPAKINPIOTIKA OV ITaparnéprnouy o Siaprnkn Kupata rapd o eykapota. (lapdpwpa )
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O1 QUOIKEG TIAPAPETPOl TOU TIAPAHEIPIKOU O1aTOIXIOPOU €ival yvwotég otnv
akadnpaikr) kowotnta £6® Katl rmoAAd Xpovid. OePNTKA 11 CUNIIEPLPOPA TOU
(PAVOPEVOU £lval KAtavontr) Kat propet va avartapaxfel eUKoAa PE€o® Pepk®g
nePodKOV  addaywv oOtg IMAPAPETPoUS TV Ml YPAPHUIKQV  H1apopikeV
e§1000e®V TIOU TEPYPAPOUV TV Kivnon 10V Imoiov ev mie. H npaypatukn
MPOKANON €yKeltal oto av 1 mpofBAeyn Kat n otabeportoinon Tou Propouv va
ermreuxbouv oe XpOVO TETO10 OUTOS WOTE VA ATTOPEUXOOUV 01 KATAOTPOPES ITOU
propel va riporaAgoet.

1.2.3 Avixveuor), ano@uyn Kat EAeyXog

Yridpxouv 1oAAeg mpooeyyioelg otV rmpoornddela €AeyxXou TOU MAPAHPETPIKOU
dlatoxiopou, 1000 PEO® APEO®V, 000 KAl £Pupeonv pebodwv €Aeyxou. Ot
gppeosg  pEBodotr  eAéyxou  rmpoortabouv  va  €AéySouv  TO  @AIVOUEVO
napafiadoviag TG EUMEPKEG OUVONKeEG Tou eivatr anapaitneg yua v
ep@Aavion Kat v avarrtuén tou. O gppeocog éAeyxog repldapfavetl kat €Aeyxo
AITOOUVIOVIOPOU TOU @atvopévou Peow e1d1kou eAeyktn) [3]. O 1o €Ukodog
mbaveg Tporog €Aeyxou Tou MpoPAnpartog eivat n addayn g potag 1 g
taxvuintag tou rdoiou. Emiong propet va yivel kat rnpooBagaipeon €ppatog.
Evag dMlog tporog mpoordfelag daro@Quyrig Tou @AlVOPEVOU gival HEo®
IIPOCAPHUOY®V Ot yaotpd tou IAoiou, 1600 oty MAwpn 600 Kat oty IpupvI),
evioutolg Bewpeital o arodotiKe) 1 ETNKEVIPOOTI] 0 AEITOUPYIKOUG ITAPAYOVTIEG.
Ot apeoeg peBodotl arnooKomouv otov EAEYX0 TOU @Alvopevou rpoornadaviag va
dnuoupyrjcouv TG aviiBeteg porég SlatoxXiopou. AvAapeoa O€ AUTOUG TOUG
edeykteg iepldapBavoviatl ol otaBepatr)peg mAoiou ot deSapeveg avudiatoixiong
(U tanks), ot PoAPoeideig mAopeg, ta maparporidla KAl YUPOOKOITIA
avudiatoixiong [4]. Emrmdéov mepllapfdavouv evepyo €deyxo tng Oefapevng
avudiatoixiong [5]. Eivar emiong duvatog o cuvduaopog Eppecmv Kat APEc®V
pebodwv yia kadutepa arotedéopara.

Ewova 1.6 To mdoio SS Conte di Savoia 1o mp®to mou Xprotporoinoe yupookoria

avudiaroixiong
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O mapaperpkog H1atoX1op0g §eKvA va avartuooetal IMOAU IO TPV yivel
AvTANIog otnVv Kivnorn tou 1mloiou kat propei va kopupmBei peoa oe Alyeg
nepodoug. 'Eva autdpato ovotnpa avixveuong eivat arnapaitnto ywa va
IPOPAEYPEL TOV TTAPAPETIPIKO H1ATOIXIOPO APKETA VRPIS , €101 wote va AneOouv
ol arapaimieg MPoEUAAgelg. Znpepa ta rmAoia Xpnotporiolouv on  line
ouotpata avixveuong vy va 1poPAe@Osi  Eykalpa o TApAPEIPIKOG
dratoxiopog.

1.2.4 ITapatnpnopotnta Kat EKTipnon

Autd nou pag evdlagépet eivat va eAéyxoupe ta erineda tou H1AT0X1OPoU ToU
mloiou, ylia va tov €A€yXoupe HE TETO0 TPOMO MOTE VA HNV QTACOUHE OF
MTAPAPEIPIKO H1ATOIX10M0.

Eva ouxvo poBAnpa teov IeEXvViKQV EAeyXoU eival 0Tl 01 E0ATEPIKEG KATAOTAOEIS
ToU ouotrpatog dev propouv va rnapatnpnbouv. O1 mMeploooTeEPES U1 YPAPHIKES
TEXVIKEG TpoUIoBEtouv avadpaon. Autd onpaiver OTL Propoupe va €XOUHE
HeTpr|oelg yia OAeg TG petaPfAntég Kataotaong. Xe mpaypatika mnpoPAnpata
opwg auto dev eivar mavia duvato. Mia Auvon oto mpofAnpa autd eivat n
XPNOIHOIToiNon mapatpntov (observers) Mmou €KUPOUV AOUPITIOTIKA TG
EONTEPIKEG KATAOTAOELS ATo e§WTEPIKEG petproelg. O mapatnpntng rpooradet
va TIPood10pioel P1d EKTIPNON TOV KATACTACE®V PE0® PAOPATIKGOV HOVIEARV.
O1 eKTIPL0e1G AUTEG €IOTPEPOUV otov eAeyktr). H ewkova 1.7 deixvel éva mbavo
ovotpa yua €Aeyxo tou rmAoiou. Ol KATAOTAOEIS TOU €XOoUv eKupnOesl (X)
EMOTPEPOUV 0av 100001 OTOV EAEYKTL), TTOU HE Tr) Olpd Tou Ba eAéySel 1o Aoio
AapBdavovtag untoyn tou ta véa dedopéva.

measurement
disturbances noise
w
(&
control mputs | measurements
» Ship >O >
i Y

Observer < estimated states

(state estimator) —"

b T

Ewova 1.7 Zuotpa pe Xprjon mapatnpnt)
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H mapovoa OSudopatikr] acxoAsitat pe v MPOAnyn TtV KivoUvev Tou
MAPAPEIPIKOU  SlatoXiopoUu KAl  KUplwg P& v avayvoplon — 1ou,
XPNOWOIoOVIAS £€va eUP®OTO Iapatnpnt). ApXikda pag esvdlageper va
TIPOCOHPOIMOOUE TNV KivNorn ToU @optnyoU rmAoiou ot dtapnkelg OdAaooeg, pie
otoxo va eayoupe v yovia datoxiopou. To arotédeopa Oa eivat €éva un
YPAPUIKO poviEdo e H1aX®Piolpeg KATAOTAOEIS ITOU TIEPIEXEL OAOUG TOUG
YPAPHIKOUG Kal |1 YPAPRH1IKOUG 0poUug IToU pag €ival anapaitntot.

AxolouBbwg Ba sioayoupe ta dedopeva oe €va ovotnpa PE IAPATNEITL). XN
OUYKEKPIHEV] HUTAGPATIKY] €Pyacia XProlHOIIOI0UPE TOV MAPATNPENTL] TUITOU
RISE (Robust Integral of the Sign of the Error), yia va avayvepicoupe, va
nPoA&PouUpe KAl va IAPATNPOOUHE TOV TTAPAHEIPIKO H1ATOXIONO.

1.3 Aopn StmAopatirng
H unidéAdoun epyaocia dopeitatl wg e§ng:

To repdlaio 2 avaduvet ta pabnpaukda povieda rmou pag Ponbouv otn
KAtavonorn ToU TAaPAPETPIKOU H1aTtoX1IoPoU PEO®  O1a@oplK®V  £51000EMV.
[Teprypdpetl 11 tadaviwoelg tou IAoiou Kat aoxoAeitat pe 1) yeoperpia tou.
Emumdéov mapouotalel 6Aa ta pabnpatkd Povieda Iou IEPLyPA@OUV  TO
(Pawvopevo.

Zto kepdlao 3 yiveral 1 mpooopoinorn Tou MAPAPETPIKOU S1aToX1opoU yia
nmloia 1mou Kivouvtat pe otafepr) 1 pe apedntéeg petaPfoleg taxutnta
otnpopevn oto poviedo Mathieu. H uvdomnoinon autr) €ywve pe xprijon MATLAB.

Zto repdAato 4, avaduetal 1 ASToUpyia TV VEUPOVIKOV H1IKTU®V ITPOKEIEVOU
va eloaxBOel o pedentg oto avukeipevo autod. Enetta, divovial ot Aemtopépeteg
tou veupwvikou Owktuou Patchy Neural Network(PNN) xat tou RISE

napatnpntn Baoet ing dnpooicuong [13].

Zto repdlaito S mapouotalovial Ta HOVIEAd ITIPOCOUOI®ONG TOU IAPATNPNTn
RISE, ot 6pot mou ta arnoteAouv Kat ol TIHEG TRV MAPAPETP®V TOU (PATVOUEVOU.
Emiong, 6ivetatl n ypa@ikr ameikovion T®V AroteAeoPAT®dV pe Baon 1o poviedo
Mathieu.

To teAeutaio Ke@AAalo apouotadel Ta YEVIKA CUPITEPACHATA AUTHS TNS
dSundepatikng kabwg Kat ) peAddoviikn doudeld ou Ba propouoce va yivet.
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KE®PAAAIO 2

MovteAortoinon Tou IapaueIPIKoU
61aT01X1010U 0€ PopInya rmioia
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Ke@alawo 2

2.1 ESlomoe1g Kivnong nAoiou 68 KUPATIONoug

2.1.1 Kiwvnpatiky nmioiou

21 ouykekppévn dutdeopatkr) epyacia Oa xpnowponorjcoupe duo cuotrpata
avagopdag. To éva eival mpooappoopévo otr yn Kat Oswpeitat adpaveg. Av kat
autd dev eival TEXVIKA O0®OTO OtV Mepimmoorn pag Aoy® Tou OTL ta Qoptnyd
mloia Kivouvial moAU apyd KAt 1 anodootacr rmou diavuouv Beswpeital oxXetuka
HKp1, (0e oxX€on I.X. PE TO PNKOG TOU 10NHEPLVOU), AUty 1] yevikeuorn eivat
apketd kaldn. To dAdo, pn adpavég ocvotnpa, eival MPOOAPPOOHEVO OTO TTAOI0
Kat akodoubBel 1ig Kwvrjoelg autou. To adpaveég ouotnua 1o ovopdfoupe n, eve
TO ITPOCAPHOCHEVO OTO TTA0I0 cuotnpa to ovopdfoupe b.

O z-dgovag Tou ouoTPATog N €ival IIPOCAVATOAIOHEVOG OTO KEVIPO TS YIS, VR
10 xy-ertinedo eivat mapaAAnAo pe ) péon otadun ng 6ddacoag. H apxr) tov
OUVIETAYPEVAOV Tou puropet va tornobetnBei oroudrrnote aubaipeta. Ocwpnuka
T0 ouotnpa b €Xel vV apXr] T®V OUVIETAYHMEVOV TOU OT0 MECO Tou ITAoiou.
[MparTuikdA €Xel TV ApXr] TOU Otov 10aAo otav 1o MmAoio Bpioketal 0 KATAOTAOT)
npepiag oe pnouvatoa. H Swapnkng 8¢on tng eivar auvbaipetn. O x-afovag
deixvel mpog v mlwpr), o y-agovag 1pog ) 6e§ia mAeupd tou 1mAoiou KAl o z-
adovag 1pog v porda Tou mioiou.

Ewodva 2.1 Zuotjpata ava@opdg Itou Xprjotpiornotouviat

‘Eva 8iavuopa otov % mou propei va eppnveubel mg £va onueio oto QUOIKO
xwpo (6nAadn pwa Oéon) 1) n nApAy®@yog OT0 XPOVO €VOG TETOOU OnMEiou
(6nAadn pa taxutnta) Ba ypagtel wg 7. Av ypagtel ©g oUOTNa CUVIETAYPEVOV
o€ €va aro 1a cuotnpata avagopdag Ba ypagtei oav rb 1) rm. Autd ta ouotpata
OUVIETAYHEVRV OXETI{ovial @G £€§ngG:

rn= Rrb (E§. 2.1)

'Omou R mivakag otpo@ng* mou kavorotet ) ox€on det(R)=1 kat R-1=RT[12].

O mivakag otpo@r|g eivat évag mivakag rou otav rnoAdarniactacBei pe éva Sidvuopa €xel G arotedeopa v
aldayn) tng KateuBbuvong tou Stavuopatog aAdAd OxXt Kat tou peyefoug tou.
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Ze rABe 8edopévn xpovikn otypr), 1o ouoctnua b propei va ypagel kat va
otpa@el ouvaptroet tou ouotnpatog n. To ocuocinua b otav ypagei ocuvaptroet
Tou n &ivel ) B€on tou mMAoiou oe oxeor 1€ To abpaveég ouoTNEA avapopdag Kat
propoupe va to adloror)ooupe pe ToAU arAd pabnpatkd. Av n 6¢on tou
nAoiou oto adpavég cvotnpa eivar x*=[x,y,z|T, 10te 1 ypAPHUIKY TAXUTNTA TOU
rAoiou oto 1610 ovotnua eivat xn=[x,y,z|T.

Zto pn adpaveég ouotnpa:

xb=RTxn & xn=Rxb (ES. 2.2)

Evtoutog :
Xb = RTxn + RTxn = RTxn + RTRxb (EE. 2.3)
H taxutnta tou mdoiou eivat v xn oto adpaveg ovotnpa kat vb= RTyn, Apa:

xb=yb+ RTRxb & vb = xb - RTRxb (EE. 2.4)

Opifoune vb2 [vP vl v2]T
2.1.2 TaAavteoelg nAoiou

Taldviwon Xapaxktnpifetat oroladrote MAAVOPOUIKY) Kivnon &vog o®UATOS
YUp® arno 1t 0O¢fon 1oopportiag tou. Apa pe TOV OpO0 TAAAVI®ON TITAOIOU
xapaktpifoviat oto ouvoAdo toug ot dla@opeg TAAIVOPOUIKEG KIVI|OES ITOU
rnapatnpouviatl oto rAoio, ouvr|Bwg 0e KUPATIOPOUG.

Qg taAavimwoelg mAoiou avayvepifovial 1pelg MAAVOPOUIKES KIVIOEG:

e o IIpoveuotaopog, (pitching), kowvwg Aeyopevo okapnaveaopa
¢ 0 Alatoxiopog (rolling), kowvmg Aeyopevo pmotdl 1) prot{aplopa
e 1 Avarnadon, (vertical), kowvwg Asyopevo avefoxatéfaopa.

O1 80 1pateg POPPEG TAAAVIOONG aA@opoUVv KAlon rdoiou, eve n tpitn eivai
KATaKOPU®Pn TaAAvVioon, Xopig arapaitma va Onpioupyel yovia xAiong.
Zto oxediaypappa rou rapatibetat (ewkodva 2.2) @aivoviat ot afoveg X, y KAt z,
TOV TPV TAAAVIOOER®V TOU Iapouctadel to rmdoio (kat oxt ot Sieubuvoelg
rAiloewv). O ddovag x eivatl o agovag tou dratoxiopou, o afovag y €ivatl o agovag
TOU MPOVEUOTAopoU Kat z o afovag tng avaradong. Etot 1 eivat n dieubuvon
G avanalong g 1pog T B€on 1oopportiag, 2 Tou IPOVEUCTAOHOU Kat 3 NG
dlatoixiong. Amo auvtég 4 eivatr n tadavieon g avdarnalong otnv Kabetn
d1evBuvon kat otpoer) 6eSla-apiotepd tou Srapnkoug afova tou rmdoiou, S 1
TaAAVI®OT TOU TPOVEUCTACHOU, EYKAPO1d TAAAVI®OTN TOU ITAOIOU KATA MA®PT) -
npupvn Kat 6 n taddaviewon g dtaroixiong, Sapnkng taAdvi®orn Tou 1mAoiou
6ed1a - aplotepa.

Fevikd opwg owv mpdan, oe Oalacocotapaxr), MAPATNPEITAl TAUTOXPOVOS
ouvduaopog KAl TRV TPV TAPArdve Hoppev Ttaddvioong, Oivoviag tnv
EVIUTIOOT] OT1 To TTAoio eKteAel piia ouvOetn Kivnon pop@ng tou apldpou "okte'.
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Ewova 2.2 Afoveg taddviwong rmAoiou

Qg révipo taddaviwong tou rdoiou (center of oscillation) mpoodiopiletat to
KEVIPO MAEUOTOTNTAS YUP® artod To oroio tadavievustal to rmioio. Ot taAavinoelg
AUTEG IPOKAAoUVIAl Ao e§RTepkEG dSuvapels.

2.1.3 MeAétn euotaBerag mAoiou

KATAITPOMA
YNEPKATAIKEYH

MPYMNH TPON1AA NPQPA

£

Ewova 2.3 ASoveg katl Kupla pépn rmioiou

Eva avukeipevo 1ou emurdéel oe eva adlatdpaxto uypo Oéxetar Huo
Katakopugeg, avtifetng @opdg, duvapelg. To Papog kat v duvapn tng
aAVIOOoe®S (Aveong) onwg @aivetat Kat oto oxnpa 2.4. Otav 10 KEVIPO aAVInOoE®S
Bpioketatr oty i6a eubeia pe 10 KEVIpPO PAPOUG TOTE TO ITAOIO 10OPPOTITEL.
Av 10 MAoio tadaviwBel otov eykdapolo dafova KUAwong (a§ovag dratoxiopou)
KAl TO REVIPO AVIMOE®WG petakivnOei pe v ida SievBuvon tote 10 T1MAOIO
Telvel va ermotpeyel oto onpeio 1wo0opportiag Kat eivat euotabég (ewova 2-4 B).
Av 01®G TO KEVIPO aviwoewg petarivnOet pe dieubuvon avtibetn and auvtng tou
dlatowxiopou tou 1doiou tote 1O IMAoi0 Teivel va avatpariei Kat eivat aotabeg
(ewova 2-4 ).

[Ma v e§etaon g evotabelag tou 1MmAoiou ot peyddeg KAloelg Ipenetr va
yvopifoupe 10 apX1KO PETAKEVIPIKO UWog GM, 10 extOmopa Kar Tg
YEQUETPIKEG 1010TNTEG NG YyAotpag Tou 1mioiou. Emiong Oewpoupe ot éxoupe
1000yKn petaPBodr), dndadn o6t 0 OYKOG €KIOMioOPATOg TOU ITAoioU Tapapével
otaBepog.
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Ewova 2.4 EuotdBela mAoiou otov eykdpoto dfova: (a) rmdoio oe 1oopportia (B)
euotaBég 1mAoio (y) aotaBég mAoio

Eotew Aoutdv, Xepig anmmdela g YEVIKOTNTAG, £vd IMAOI0 OUPHEIPIKG ®©G IIPOG
10 eminedo tou vopéa. Ze pia 1060ykKn KAion KAtd Vv yovia @ 10 apXiko
KEVIPO aviwoeng B petaxiveitat oto eminedo tou kat @Oavel oto By, (ewova 2-
4). Eoww akopa KG 1n xkatakopugn O¢on tou kévipou Bdapoug, = BM= I,/
V(exktoriiopa) n apxikr] PETAKeVIPIKY aktiva rat N (peudopetakevipo) 10
onpeio  topng Ing Kaeatou otV KerkApévn ioado ypapprn, Iou digpxetat
and 1 KEMEPO avioemng (T, e fmpnkn afmra ommpetpiag tou mAoiou.
O poxitoppmxiovag SU?::':QBS.-.,L,,; Glimmootmmn pe:
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LUVEN®OG 1] POITY| EMAVAQOPT ITou Smmoummeitatl eivat:

| WL,
wl

uL‘_.-—-""

]

Ewova 2.5 Evuotdbela mAoiou

[Tpopavog ta  dwavuopata KB kat BM elaptoviat and v apXiki)
yeoperpia v U@ale®v kat to  exktormoua, to KG amo v katavour) ng
padag tou mAoiou wrat 1o MN amd v TeAKr] ye®pepia 1@V UQAA®V KAl TO
extormopa. Etot priopoupe va Bswpricoupie 611 o poxAofpaxiovag suotabelag
ya éva rmdoio mou 1mAéel o eKtOTIopa V, ouviibetat antd 6vo opoug. O évag
0pog GMsing eCaptatal and v Katakopuen B¢on tou KéEVipou PAapoug Kat v
APXIKI] YE®UEIPIa TV UEAA®V KAl Agyetat euotabela AOY®  ApPXIKOU
HETAKEVIPIKOU UYPoug Kat o AAAog 6pog, MNsing €§aptdtal aro  Ye@UEIPiA TRV
U@adav oty tedKr O€on Kail RaAeital urtoAout euotdBela.

Etot, edv exktpeyoupe 1o mMloio KaAta pla apXikr yovia 6a exoupe pia auinon
G tadaviwong tou rioiou wg &fng: audaverat to diavuopa GN apa kat n
port) entavagopdg. To mAoio Ba teiver va kivnOet aviiBeta ano v dievbuvon
EKTPOITG HETATPENOVIAS TNV OSUVANIKL TOU evépysla oe Kwvnukr. H kivnon
avtr) urofonBeitat arno v duvapn enavagopdg. MOAlg o  kdaBetog afovag
Tou TmmAoiou Tepdoel To onpeio 1oopportiag tOTe 1 duvapn enavag@opdag
avuotéketal oty Kivnor). 'Etol éxoupe pia taddvioon tou 1doiou péxpt va
eravédBel oto onpeio woopportiag.

Opwg 1n ouvexnig eribpacn @V KUPATIOR®V €ivat duvatdv va eKpéPouv To
mloio oe yovia @ > @y pe amnotédeopa va au§avel 1 taAdvioon yupe aro Tov
eyrAapolo afova H1atoxX1opou PEXPL TNV avatporu] Tou ImAoiou. AUTO KAVEl
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(PAVEPT] TNV AVAYKI XPINOHOTI0iNoNg KATO10U €AEYyX0U MOTE VA ATIOPEVUYETAL TO
ev AOY® @aivopevo, aAAd KAl va EIMITAXUVETAL XPOVIKA 1] EAva@opd Tou rmioiou
ot B¢on 10opportiag.

Ewova 2.6 Enuttooelg mapaperptkou H1atoxiopou

2.1.4 H s§icwon Mathieu
maa@ + daa + [kaa +kercos(wet + ag)]e + kesp (ES. 2.7) [6]

H Stagpopikn) e§liowon (2.7) eivat n yveotn ota pabnuatikd e§iowon Mathieu n
ortoia, rmapd v arniotntd g, dev ermdéxetat pla akpipr avaluukr) Avon.

[Tepropifopiacte €101 0€ P1A TTOIOTIKI] MIEPLYPAPT] TOV AUOE®V H1aKpivoviag autég
oe euotabeig kat aotabeig, Oewpaviag wg suotabeig T1g AVoelg OTIg o110ieg YA
t—o 1 e§aptnuévn petaPAnt @(t) AapPdvel Menepacpéveg, EPAYUEVES TIHEG,
eV® Ot nepirmwon g aotabelag ya t—o N efaptpévn petafAnt) @(t)—o
népa ano rabe O0plo, yeyovog IOuU Ot IEPINMI®OonN ToU H1atoxX1iopou onpaivet
81apkmg aufavopeveg yovieg eyKApolag KAIONG @ KAl TEAKA TV HPIratdaplopd
ToU 1Aoiou.

Ta xpunplwa euvndBelag o MAPAPEIPIKO OlATOXIONO ITOU  Jratunavovial
MAPAKATR IIPOKUITIOUV B QUOIKO erTakOA0ouUBo g padbnpuatikng availuong tov
AUoeswv g eiowong (2.7).

Anodswkvuetat [7] oul yua (404?/ ®32)=n? Omou n oroloodNIote @EUOIKOG
appog, undpxouv Aucelg g efiowong Mathieu 1ou avurpoowrievouv
aotabeig  kataotdoelg. Tnv emorteia Vv TEPOX®V  aotaboug  AUoE®g
d1eukoAvvel 10 Yyvwoto wg daypappa Strutt-Ince rou @aivetat oty ewkova 2.7.
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—f b

Threshold

p=0.25

Ewova 2.7 Atadypappa Strutt-Ince

Ma to &waypappa Strutt-Ince 1oxver o1t p=(0e/we)2 wat g=hp. Ot
YPAPHOOKIAOHEVEG TIEPIOXEG TOU S1aypAPIATOS AVIIITIPOOMITEVOUV TIG £UoTadeig
Avoeg g e§iowong Mathieu O6nwg autég MPOKUITIOUV Ao TOUG KATAAANAoUg
ouvduaopoug TPOV TOV MAPAPEIPOV P KAl . X1 NEPIMI®on Tou KUuplou
ouvtoviopou orou p=0,25 (Zovn 1) @aiverat oto oxXnpa o IEPOPIOCROG NG
MEPLOXNG aotabBwv AUCEDV TTOU EMIPEPEL 1] UITapsn aroofeong Kat 1] aviioTtolxn)
optakn tyrn (threshold-katwgAl) rmou npénet va urepPel n d1éyepon h wote va
éxoupe aotabry Auvon. Edikotepa kait ot mepimioon Ormou we = 2:0g
anodsikvuetat [8] 6t aotabeig AVOEIS TIPOKUITIOUV £pdooV 1oxUetl ot h > V [(2-
(@e*/204%))* + 4( e/ @g?)].

2.1.5 Movtelo 6 (£§1) PaBpav eAsuBOepiag

Ma va priopgéooupe va e€dyoupe 11g udpoduvapikeg duvapelg Kat pPoreEg evog
mloiou yia €va poviédo 6 Babpov edeubepiag mpérnel mpwta va yivouv ot €§ng
rapadoxeg:

1. Aev untdpxouv Baddaoola pevpata.

2. H ydotrpa propet va xXepiotei og tpiyova 1 terpayova kKoppdua, ta
OIola  JITOPOUV va Tapaperporionfouv g didlaotateg erm@Aveleg
EVORUATOPEVEG OTOV K.

3. Ot mapdperpol g anodooPfeong mou e§aptavial Aard T ouxvotnid, 1
npooBetn pada kat o mmvaxkag Coriolis /kevipopdAou eivat otaBepoi Opot.

4. H 6dAaocoa £xetl anepo Padog.

. To medio mieong otov wreavo eivatr apetdBAnto and 1o mépaopa Tou

mloiou (ouclactika Bswpoupe OTL Ta KUpata tagidevouv péoa amo T
yaotpa tou 1ioiou,[9]).

[

To povtédo 6 BaBpwmv edeubepiag eival to eENg:
q = PT(n)v (ES. 2.8)

Mv + D(v)v+ C(v)v + k(q,t) = te(t) + te(t) (ES. 2.9)
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To poviedo 6 Babpwv eAleubepiag propel va xprnowonondet yia oroladr)ote
Baldoola kataotaon oe kABe ouvOnkn [10]. Twa va dnuioupyrjcoupe pla
vdomoinon KatdAAnAn yia TApApeIpkd H1ATOXIOPNO KAVOUPE akopa pia
napadoxn:

6. Ta xkUpata éxouv pop@r) arndou erminedou NUItovoeldoug KUPATOG

To povtédo pmopet va ardoroindei oe poviédo twv 3 (IPOV) IO ONUAVIIK®OV
Babpov eleubepiag, autwv MmoOU meplypa@ouv tnv avaradon (heave), tov
npoveutaouo (pitch) kat tov dratoxiopo [3,10].

O 1napaperpkodg ouvioviopog oupPaivel petalu  dAdov KAt og  Auto-
MApAPeIpKA cuothpatd. Ta auto-mapaperplkA ouoThpata arnotedouviatl aro
600 TOUAAX10TOV UTTIOOUCTIATA, £Va MTPRTEVUDV KAl £va TOUAAXIOTO SEUTEPEUMV.
Zinv nepimwon g Kivnong tou 1mAoiou €xoupe €va MPEIEURV S1aprnKeg
uroouotnpa Kat eva deutepelmv MAeupikd unoocvuotnpa. ESwtepikeég duvapelg
pIopouv va aocknBouv OT0 MPEIEU®V UTOOUOTNHA HE armotédeopa 1] va
autodieyepBel 11 va Oieyepbei mapaperpika 1) kat ta duo. To deutepelnv
urnioouotnpa Bpioketat oe P ypappiko auvéuaopo He 10 MPROTEUDV.

To nmapakat® poviedo 3 Pabuwv edeubepiag:
M:r3vre3 + Cr‘S(VrS) + DI‘3(V1‘3)V1‘3 + kr.’i[QrS] = Tcr3 T Texs (E§ 210) [10]

XPNOIoIToleEital yla va meptypayel Tov MAPAPEIPIKO d1aTtoX1opo oav eva auto-
MAPAPETIPIKO ouotnpa. Ztoug 3 Babpoug sAeubepiag to poviedo ocuvdudaletl to
MP®IEV®V UTIOOUOTNA, AVATIAACONG KAl IPOVEUCTACHOU, HE T0 HeUTEPEU®V TOU
dtatoxiopou. H avamadon kat o mpoveuotaopog eivatr 1dén ouvbuaopeva
petadly toug Kal KATd TOV ITAPAHPETIPIKO OUVIOVIOPO HETAPEPOUV EVEPYELA OTO
dlatoxiopo. O ouvduaopog umapXel AOY® TG PETAPOPASG EVEPYELAG KAl NG
petatormong ouxvotntag Aoy® Tou @atvopévou tou Doppler. H kivnon twv
KUpAtev dleyeipel 10 MP@IEU®V UToouotnua Kat 1o Osutepeumv dieyeipetat
MAPAPETPIKA AOY® TOU MPXTOU. LINV Iapouod SUMAGOPATIKL) yid T HEAET TOU
(PAWVOPEVOU TOU TIAPAMPETIPIKOU H1ATOXIOPOU XP1O1HOIooUHPE 10 Hoviedo 1
(evog) Pabpou eAeubepiag, yia 10 omoio Oa avagepBoupe MAPAKATE,
POOApPHOoHEVO otV e§ioworn Mathieu.

2.1.6 Movtédo 1 (evog) BaOpou eAeuBepiag

Zinv enoxn pag €va arlornoinpévo poviedo mloiou yia v napatr)pnon tou
dlatoxiopou Bewpeitat autd ya 1o oroio 1 Kivnon 6latoXiopou €Xxet
poviedoronBel armd pla aroouvdedepévn e§iowon tumou Mathieu (e§lowon
2.7). Ot Rwr)0e1g TaAAVIROoNG KAl EKTPOITG ayvoouvial Kabwg tnv peyadutepn
enibpaon oy otyplaia Kaprudn GZ* v €xouv ol Katakopugeg Kivnoelg. H
TaxXUIa Kat 1 pota avupewnrifovial og Xpovika petaadiopeva onpata
HETpnong.

*GZ MoxAofpaxiovag euotabelag
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Ia va @racoupe oe poviedo pe eva Badbpo edeubepiag mpérnetl va KAvoupe pa
akoprn napadoxn:

7. To rmdoio ta§idevel petwmka 11pog tTa Kupata

Bewpoupe OTl 10 TAoI0 pag dev 61aBetel KATO0 PNXAVIOPO HEI®ONG TOoU
dlatoxiopou. Apa addaloupe Vv we (@Au§avovtag v taxutnta Tou mloiou) ya
va HPEWOOUPE Tr OUXVOTNTA Ouvavinong Kat £tot va eSagavicoupe pua
arnapaitnn rpolnobeson ya v vrapdn 1ou IapapeIpikoy dH1aTtoX1oou.

lNa va avadvooupe TG enUTIOOES NG adldayng taxvuintag IMPEMeEl vad
Xpnotgororjooupe €va poviedo rou divel adlormota arotedéopata otav 1
taxvmnta  eivat  petaPardopevn.  Apa  Beswpnuka  dev  propoupe  va
Xpnowporotrjooupe v e§iowon Mathieu (2.7) kaBwg dev eival kataAAnAn yua
Taxutnteg rou petaPaildovial oto Xpovo.

Me tig ardomoifjoslg autég, Kal uno tig Kabopiopeveg mapadoxég (1-7), n
eSlowor) rou rneptypaget to poviedo evog Pabpou eAeubepiag [11] eivar n e§ng:

Maafp +daap + [Kaa + kpicos(fy we(t)dr + ag)le + kgapd = O (EE. 2.11)

Orou @ eivat n yovia diatoxiopou, maes T0 dBpotlopa g porir)g adpdvelag
YUp® aro tov X-aova Tou AKAPITIoU OOUAToS Kal tng rnpootiBspevng padag oe
dtatoxiopo, dss 1 ypappikn udpoduvapikrn aroofeon, kis 0o ypappikog
OUVTEAEOTHG NG POIILG arokatdotaong, Ke: 6ivel to mAdrog tng petafoAng tou
YPAPHIKOU OUVTEAEOTT] arokatdotaong Kat ke3 eivat o kuBikog ouviedeotr|§ tng
por1Ir|g arokataotaong. OAeg autég o1 mapapeTrpot eivat otabepeg.

H ouxvotnta ouvavinong nieptypdagetal ano my e§iomorn):

We = Wy —%‘iu(t)cos(ﬁw) (ES. 2.12)

Ornou wy eival 1 ouUXVOTNTA T®V KUPATRV, g N EIMTAXUvor tng Baputntag Kat u
n taxumta tou rmloiou. Emedn opwg epeig pedetoupe v mepimmorn 1mou to
rmdoio mAéer optoa ota kupata to cos(f,) eivatr ico pe 1. Katr enedr) ounv
napovod OSurdeopatikr) pedetovpe @optnyd rmdoia Ta oroia  Kivouvidl Je
otabepr) TAxXUINTA 1] Y€ APEANTEEG ETTaxXUVoelg, Bempoupe 1o u(t) otabepd rat
100 pe u. Apa Kai n ouxvotnta ouvavinong eivat otaBepr). E@ocov 10 w, eivai
otaBepo, tote w, = 0. 'Etol BAeroupe 611 0 autr) Vv MEPINTIOON TO POVIEAD EVOG
Babpou eleubepiag yiverat 1o 1610 PE TO POVIEAO TIOU TIEPIYPAPETAL ATIO TNV
eSlonon Mathieu.

Eivat Adowov euxkoda xkatavonto ot 1 e§iowon Mathieu armotedel 18avikn
Mepinm@on ya v meptypa@s) tTou @Aivopevou 10U IAPAPETPIKOoU H1aToX10110U
otV napovuod HIMAOUATIKY.
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KE®PAAAIO 3

YAortoinon tou nmapaperpikou 61at01X10110U
o€ @opTnya rioia
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Kepalawo 3

3.1 To poVvTEAO TOU (POPTYOU NMAOILOU IMOU XPNOGLHOIIOLOUNE

lMa va pnopgooupe va uvdorotrjooupe to poviedo 1 PaBpou eleubepiag,
Xproporoloupe dedopéva anod €va CUYKERPIEVO @optnyd rmAoio. Ta kupla
XAPAKINPIOTIKA TOU TAoiou autou Bpiokovtatl otov rmvaka 3.1.

[Twvakag 3.1 Xapaktnplotka peyebn @optnyou rmoiou

ITocotnta Tu

Mnkog petadu kabetwv 281 m
Bubiopa avagopdg ot péon toun 32.3m
[TAdtog ava@opdag otn PEon Tour) 11.8 m
Extoropa 76 468 ms
Axtiva replotpoern)g 1ato1xiopou 12.23 m
Eykdapo1o KAOET0 PETAKEVIPIKO UYOG 1.84 m

3.2 [IpocOoNO0imOo1 TOU MAPANETPLKOU S1atoxX1o010U

3.2.1 Auon Sragopirav e§iomocwv oty MATLAB

Zin MATLAB urnidpxet evoopatopévn arnod to 1995 pia B1pAodnkn pe to dvopa
ODE, ywa v emiduon ouvrBev dlagopikev e§lonoemv. @a rapouoiactel o
TPOTI0G erTtiAuong npoPAnuatev apxikng tpng (IVP) twv ocuvnbev diagopikev
eSl000EWV.

Ta Ponbrjpata emiduong npoPAnpdatewv apxik®v Tpev ot MATLAB
UTtoAoyi{ouv TO 10TOPIKO OTO XPOVO €VOG CUOTIHATOS O1a@pOopiKOV £§1000E®V
npwtou Padpol pe yvooteg apxikeég ouvOnkeg. Me pabnpauxkoug opoug, auta
Ta IPoBArjpata €Xouv T Pop@n:

y = f(t,y)y(ts) = yo

rmou eivat n dlavuopatiky onpewwypa@ia yia to ovotmpd oV S1a@opikev
eSl000EWV:
Y1 = Y1Y2 - Yn) Y(to) = Y10

V2 = (6 Y1, Y2, 0 Yn) V(o) = Y20

In = (&Y, Y2 - Yn) Y(to) = Yno

Onou y, = dy;/dt, n 0o ap1Bpog Twv dragopkwv e§lonoe®V IPWIOU Babpou kat
Yio €lval 1 apxikrn ouvBnkn 1mou agopd v i-ootr) e§ioworn. Otav eva ocuotnpa
bev opifetar wg ovotnpa dapopkv £§lo®oe®V MP®ToU Badpou, mpémnet va
ypa@tel pe autd tov tpodro. Andadr), odeg ol e§lowoelg Oa mpémetl va eivat

41




nPeING Tasemg. Meyadutepng tddng Stapopikeg e§l0moelg PITOPOUV IAvia va
YPa@TouVv oav £€va oUvoAo MoAAAMAGV £§1000E®V IPWTNG Tadng.

IMa va pmopet va AuBel éva ocuotnpa O6la@opikav efl000e®V, TIPETEL vad
Kd1koronBouv ot dragopikeg e§lowoelg o éva apxeio .m wg ydot=odefile(t,y).
AnAabdn, 1o apxeio mpémel va dexeratr €éva xpovo t kat pia Avon y, Kat va
ETTLOTPEPEL TIHEG Y1 TIS ITAPAYDYOUG.

Ta Pondrjpata emiduong diagopikav eflowocwv, ODE solvers, tng MATLAB
elvatl oxedraopéva wote va Graxeipiloviat ouvr|Beig Slapopikeg e§l000e1G. AUTEG
elvatl 61aQopikég £§10MOEIG TTOU TEPIEXOUV Pia 1) TpANdve apay®yous piag
eCapuévng petaPAntig y oe oxéon pe pia ave§apwntn petaPAnt t, Katd to
ouvnBeg avagepopevn ®g Xpovog. H mapdywyog tng y oe oxéon pe 1o t
avaypa@etal ®g y Kat n deutepn napaynyos og y.

O1 ouvnfelg Slapopikeég eflomoelg ouxvda mepldapfdavouv évav aplOpod arod
eCapinuéveg petaPAntég, OMwG ermiong KAl MmAPAy®Youg HEYAAUTEPNG NG
npwtng taéng. 'a va xpnowpornomnBouv ot ODE solvers tng MATLAB, mpéret ot
eflowoelg va Savaypag@rouv oav eva 1ooduvapo ouotnpa Mpotng TASEmg
dragopikav e§lowoewv 600V agopad £va H1avuopa y Kat ) Ipotn mapaynyo
ToU:

y=F(ty)

MoAg avanapaotaBei n €§iowon pe auto tov Tporo, propei va Kodikoron et
oe ¢va ODE apxeio .m mou prnopei va Xpnowonotrjoet éva BorOnua eniduong
(ODE solver).

Fevikd, vundpxouv 10AAéG ouvaptnoelg y(t) ot ormoieg 1Kkavorolouv pia
6edopevn ouvr\Bn Swagopikny efioworn, omote sivat anapaitnteg NEPAIEPR
nAnpo@opieg ya va kaBopioouv tn {nroupevn Avorn. Le eva npoPAnpa apXiKov
TPV, 1 NToupevn AUOTN £XEl Pia OUYKEKPIPEVH APXIKY] ouvOnkn. AnAadr), n
petaPAnt y ooutat pe y, oe pia dedopévy apxikn Xpovikn otypr) tp. ‘Eva
npoPAnua apxikng npng ywa eva ODE eivau

y=F(ty) y(to) =

Av n ouvaptnon F(t,y) eivat apketa Agia, 1o ipofAnua €xel pia Kat povadikr)
Atorn. Tevikd, Sev urtapxel avaAlutkn €K@PAon yla Tt AUon, Omote eivat
avaykaio va mpooegyyotel 1 y(t) pe aplOpnukoug peécoug, OMnwg €va aro ta
BonOnpata eniduong ng ocouvitag ODE tg MATLAB.

Ma napadetypa, Bswpeital n KAaowkr) e§iowon van der Pol
¥—pu(l—xHDx+x=0

OITOU | eival pa mapdpetpog peyaiutepn amo pndév. Av ermdéoupie vy = x Kat
V21 = dx/dt, n e€icwon van der Pol yivetat
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Yi+=YVo
y=pu(l=yD)y: —n

H B1PAobnkn ODE g MATLAB 6wabBéter oktw Ponbrpata eriduong
npoPAnudtev apxikng tpng. Kdabe éva éxer duvatotnteg katddAnldeg ya
dlagopetikd mpoPAnpata apxikev tTpev. H ovviadn ya v kAron kabe
BonOnpatog eniduong eivat rmapopola, mPAypa rmou KAVEL OXETKA €UKOAN TtV
aAdayr) BonOrnpatog ywa éva dedopevo mpoPfAnpa. Epeig xpnowponowrjoape 1o
odel5s. To odel5s eivar Pordnua ermiduong nermleypévng aplOPNUKNG
napaynylong rnoAdev Pnpateov petaBAntou Babpou(lev-5ov). Eivatr katdaAAnlo
ya duokaprta rnpoPAnpata ta oroia anattouv perpla akpifela. Avokapra
npoPAnpata Agyovtatr yevika ta TnpoPfAnpata ota oroia ot Unokeipeveg
XpoViKEG otabepeg petadAAovial katd 1moAdeg taselg peyeboug.

3.2.2 Phase plane

[ToAU Atyeg ouvr|0e1g Hrapopikeg £§10MO0EIG EXOUV OAQPEIS AUOEIG EKPPACPEVEG PIE
MIEMEPAOHPEVOUG OpoUg. AUto oupfaivel yati n mAelovotnta 1@V KAOIEPOHEVOV
ouUVapTNoe®V (TIOAUMVUNIKEG, €KOeTIKEG, nuitovoeldeig) mou Xpnotporolouviat
OtV £K@PAOT] TOV AUCEDV €ival TTOAU MEPIOPIOPEVES YA VA AVIIHEIDITIOOUV 1)
MOKIAa TOV H1aPOoPIKAOV €§1000E®V TIOU XPIO1oTolouvtdl otr pasdn. Akopa
Kat av propet va Ppedel n Avon, o Turnog cuxva eivatl apketd mepinAokog ya va
arekoviotouv kabapd ta Pacika Xapakinelotka tng Avong. Kat mou eivat
Olaitepa ep@aveg otn nepinton v ev duvapel Aucewv 1ou eival ot popen
OAOKANPOPATOV 1] ATIEIP®V OEIP®V.

H moootikn pedétn tov 61a@opik®v e§1000E®V €ival ETTIKEVIPOPIEVT OTO TPOITO
e€aymwyng ONUAVIIKOV XAPAKINPEIOTIKAOV TOV AUCEDV TOV H1a@QOPIKOV X®PIS va
xpetadetatl va Aubouv ot npaypatkonta. 'Evag ye®perpikog pnxaviopog mou
Xprnotgoroteital eupemwg ya v arneubeiag Anyn Botntag ano ) 81aQopikr)
eflonon, oOnwg 10 onueio 10opportiag, T IMEPOOKOTNTA, TV AVEU Opiv
avarttuén kat ) otafepotnta, ivat 1o phase plane.

H deutépag talng drapopikr) e§1omorn J1€ YEVIKO TUITO:
¥=f(xxt)

pe apxikeg ouvOnxeg x(t,) kat x(ty), €ivar éva mapadetypa duvapikou
ouotnpatog. H e§gAdn 1 o1 peddoviikég Kataotdaoelg tou ouotrpatog divoviat
artd ta x(t) rat x(t). Tevikd, ta duvapika ouotnpata eivatr npofArpata
APXIKQOV TIPGOV, OUXVA AeyXOpeva aro ouvr)0elg H1apopikeg eC1000EG.

H napanave efiowon propei va BewpnBel oav efiocwon kivnong evog pnxavikou
OUOTI1ATOG, OT0 OIOio X AVIUTIPOO®IIEVUEL 1] Petatormorn piag povadag palag
owpatog, x €ivair n taxvinid Tou, ¥ 1 EMITAXUVOT] TOU KAl f 1] AOKOUHEVY)
duvaprn. Eva punxavikd ovoinpa Bpiokeral oe 10opportia edv 11 Kaiaotaon 10U
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6ev aldaler pe 1w mdpodo toU Xpdvou. Andadr, €va onpeio 1copportiag
avtiotoxel oe pia otabepr) Avon g Stapopikng efiowong kat aviiotpoea. Mia
otabepr)] AUon urovoel OT1 X Katl ¥ mpérnetl va eivatl tautoxpova pndév. Av x = 0
dev elvatl apketd ya woopportia. Téroieg otabepeg Auoelg, av urapxouv, eivat ot
Avoeig ing e€iowong f(x,0,t) =0

Yriapxouv 6U0 katnyopieg Sagopikmv €§1000£@V, Ol AUTOVOPEG KAl Ol MI)-
auvtovopeg (e€avaykaopéveg). TG 81a@opikég £§1000€1G AUTOVOPOU TUTIOU 1)
ouvaptnor f 6ev e§aptdral pnra amno 1o t, eve otig e§avaykaopéveg §l10M0ELS TO
t eppavifetal oapwg ot ocuvaptnon f.

‘Eva autdévopo ouotnpa divetat ano ) Siagopikrn) e§iowon:

X=f(x,x)

oto ortoio 1o t Hev eppaviletat oto He§16 1edog. I'a v anewkovion tou phase
plane, Bswpoune

£101 WOoTE

y=fxy)

Auto eivat éva euyapt mpatng tagng e§lonoswv, 10oduvayno pe tn deutepag
1aéng e§loworn, ou @aiverat 1Mo NMAVE.

H xkatdotaon tou ouotrpatog oe pia XPOViKI) otiypn tp arotedeitat amo &va
Zeuyog apOpov (x(ty),%(ty)) to omoio upropel va Oewpnbeil oav éva {euyog
APXIKQV OUVONK®V yla v apxikr] da@opikn e§ioworn. Ormote, 1 apXun
Kataotaorn kabopilel OAeg TG ermakoloubeg Kataotdoslg autg ya pia
OUYKeRPEV €AeuBepn Kivnorn. Zto phase plane pe dfoveg X Kat y, 1
KATAOoTAoT T XPOVIKY OTypr to anotedeitat arnod to feuyapt tpov (x(ty), y(ty))-
Autég ol TIEG TOU X KAl TOU y, anewkovifouv eva onpeio P nave oto phase
plane to oroio Aettoupyel oav Ti§ apxikeég ouvlrkeg yia to JeUydaptl MPOING
1aSeng eSlonoewv. Apa, to onueio P kaBopilel 0Aeg 11§ KATAOTACES AT TIG
ortoieg repvdaetl 1o cuotnua os pia dedopevn Kivnon.

H 6wadoxr) kataoctaoswv divetalr mapaperpkd and x = x(t) Kat y = y(t) mou
Slaypagel pla kaprudn and 1o apxikd onueio P (x(ty),y(ty)). H kaprvdn
autr] kaldeital phase path 1 tpoxia. H &ieuBuvon nou avatiberar otnv tpoxia
AapPavetat and ) oxéon x=y. Otav y > 0 t6te x > 0, €01 @WOtTE 1O X
auddavetat pe o xpovo. Otav y < 0, 10 x PedveTal Pe 1o Xpovo. Apa, ot
Kateubuvoelg ivatl ano aplotepa 1pog ta 6e1a oto mave pood tou phase plane
Kal aro 8ed1d 1mpog ta aplotepd oto KA P06 tou phase plane.
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INa va e§axBei pia oxéon pertalu x xkar y rov kabopifel ug tpoxieg (phase
paths), e€aleipetal n mapaperpog t arnod g H1aPopikeg e§1000E1S TIPMOTNG TASNG.
Ia va yivel auto, Xpnopornolieital 1 TavtotnId:

x dy

y  dx
Ormote, 1 Sagopikn £§i00ON yla TG TPOXIES Yiverat:

dy _f(xy)
dx y

'Eva ouykpiévo phase path §exwopilel mepvoviag péoa amo éva CUYKEKPIHIEVO
onpeio P: (x(tﬂ), y(tu)), T0 0rtoio avtiotowxei otnv apxikr katdotaon (xg, Vo),
ormou y(xg) =y,. To oUvoAo 1wV TPOXIOV OUUMEPAAUPAVOREVOY TGV
kateuBuvinpiov Bedov anotedovuv to daypappa @aong. H nmapaperpog xpdvou
t 6ev amewovifetar oe autd 1o Ouwypappa. Ta onupeia 10opportiag oto
Siaypappa @dong aviarokpivoviar oe  otaBepég Auvoelg g Sla@opikrg
eCiomong deutépou Pabpol kat aviiotowxa oto {gUYog S1aPOPIKAOV £§1000EWV
npwtng tagng. Auto oupPaivel 6tav X Kat y eivatr tavtoxpova pndév, dnAadn
otavy = 0 kat f(x,0)=0.

3.2.3 IIpooconoio1 TOU PALVOREVOU

[Ipocopoiwoape 10 @AVOUEVO TOU TIAPAPEIPIKOU H1aT0X10P0U otnp1i{opevol
otV e§iowon Mathieu yia Slagopetikeg TEG TG OUXVOTNTAS OUVAVINONG.
Emiong, mapouoiddetal ya kabe tn g ouxvotntag ouvavinong €va phase
plane, 6nAadn n ypagkr perau g MaApAymyou g ywviag otov dasova
dlatoxiopou pe ) yovia auvtn. EnutAéov, yivetatr ouykpilon tewv phase planes
KAl IOV YypaQlKeV Kivnong otov dfova O61atoxiopoU Tou IMAoiou Katd T
dldpkela TOU @AIVOPEVOU Yyla Ola@OPIKEG OUXVOTNTIEG OUVAVINONG ya va
napatnpenBei n ouppetoxr) ou 6pou @3 omv efiowon tou @awvopgvou. Liov
MAPAKAT® ITivaka Ppiokovial o1 mapdperpol tou mpofAnuartog ywa S1agopeg
TIHEG NG ouxvotntag ouvavinong [11].

[Tvaxkag 4.1 Tipég ou Xpnotporolouvial yid v UAOITOoin o ToU (patvopEvou.

IToocotnta Tar
duokr) ouxvotnta §1aTo1X1o1oU ToU rAoioy =™ 0.343 rad/sec
Tpapu koG oUVIEAEOTNG TG POTTG ATIOKATAOTAONS == 1.7646*10° kgm?/s2
Poriny abpdvelag ouvoAikrg pafag oe 61a101X10p0 5 = 15,032*10%kg
Fpappikr) udpoduvapikn anocfeon == 2.1951*108 kgm?2/s2
[TAdtog petaBolrg ouvieAeotr] AMOKATACTAONG o 7.3224%108 kgm?/s2
Méon ouxvotnta ouvavinong 1:'5 0.645/0,680

= rad/sec
®daon g YPapHIKLG arnokataotacng H1atoxiopou . 0.2295 rad
KuP1kog ouvieAeotn§ tng porug anokataotaong =p3 2.2741*109 kgm?/s2
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[Ipooopoiwon 1ng eflowong kivnong kat phase plane vy ouxvotnta
ouvavinong 0,645 rad/sec

Roll angle as a function of time. Encounter frequency = 0.645

T T T T T T T T T

10F

Phi

qof

15

0 100 200 300 400 500 600 700 8O0 900 1000
Time

Ewova 3.1 I'ovid Sratoxiopou yia ouxvotnta ocuvavinong 0,645

BA¢roupe 011 yia ) OUYKEKPIPEVI] OUXVOTITA 1] PEYIOT Y@OVIA §1aT01X1010U
etvat 400 eve otaBeportoteital repirou otig 33°

Phase Plane. Encounter frequency = 0.645

Phi (D

Ewova 3.2 Phase plane yia ouxvéointa cuvavinong 0,645
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[Ipooopoiwon 1tng efiowong kKivnong kat phase plane ya ouxvotnua
ouvavinong 0,680 rad/sec

Roll angle as a function of time. Encounter frequency = 0.680
40 L} T T T T L} L} L} L

0+

20F

Phi
o

1 L 1 1 1 1 1 L L
0 100 200 300 400 500 600 700 6800 900 1000
Time

Ewova 3.3 F'ovid dtatoxiopou yia ouxvotnta ouvavinong 0,680

BA¢moupie 011 ya 1) OUYKEKPIPEVT] OUXVOTITA 1] PEYIOT YOVIA §1aT01X10110U
etvat 60° eve otaBeportoteital repirou otg Sle

Phase Plane. Encounter frequency = 0.680
15 T L T T L T

10

Phi (1)

-10
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Ewova 3.4 Phase plane ywa ouxvéotnta ouvavinong 0,645
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[Ipooopoiwon g efiowong kivnong kat phase plane yia petaBadAopevn
OUXVOTNTA CUVAVTNO1G.

Roll angle as a function of time.
30 T T T T T T T T

40 H

30+ H
20+ A ‘ _ | |

T
|
i

20+

=30+

a0k

L L 1 L L 1 L 1 1
100 200 300 400 500 600 700 800 900 1000
Time

-50
0

Ewova 3.5 I'ovia StatoxiopoU yia petaBadAopevn ouxvotnta oUuvavinong

BA¢moupe o0t 1o @pawvopevo dev propel va pooopowOei kat auto ogeidetal oto
ou n efiowon Mathieu &ev eivar katdAAnAn yia evaAlaooopeveg TAXUTITEG,
aAld povo ya otaBepég. Emeldr) opwg pedetdpe @optnyd rmdoia, Adym tou
OXI|ATOG NG YAOTPAg TOUG KAl TOU HEYAAOU TOUG OYKOU Ol PeTaPoAég otnv
taxvutnta Oewpouvial apeAntéeg Kat €101 Oe@poupie Vv Taxutnta otadepr).

Phase Plane.

Phi (1)

Ewodva 3.6 'ovia Siatoxiopou ya petafadAdpevn ouxvotnta ouvavinong
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KE$PAAAIO 4

Neupwvika 61KTua KAl POVIEAO TTAPATNPNTL)
RISE
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Kepalawo 4

4.1 Elcaymyn ota VEUPKOVIKA Siktua

Ta veupwvika 6iKtua eival eUEAKTA OTATIOTIKA POVIEAd TA Ortoia Aeitoupyouv
avaloya pe 1 dopr) tou avBpIvou eyKe@AAou. Bewpouvial eugAKta erneldn
HITOpOUV va eKmatdeutouv yia va Urodoyi{ouv  KAtd IIPOOCEYYIoT), TIS
MAPAPETPOUS KATO®V TMMANOUOP®V, XPNOWIoIowdvIag £va HIKpo apldpo
detypatwv toug oe aAdndouxia. Ta ocuvnOopeva otatioukd povieda ouvrBwg
0ev toug mporkalouv petaPfoldég. Ilapabeiypatog xdaptv, pmopoupe  va
AVAKAAUWPOUPE APXITEKTOVIKEG VEUPOVIKOV OIKTU®V ITOU oXetifoviat pe v
Stakpltr) avaduon, TV avaduon KUPWV  OUVIOT®OO®V, TNV  AOYIOTIKI)
aAvOpOINon KAt AAAEG TEXVIKEG. XTIV IPASN Ta VEUP®VIKA diktua ta oroia
XP1O1HOIT010UVIAl OGS OTATIOTIKA Bonbnpata os éva eupU @AOHA EMMOTHOVIKOV
KAAS®V Orwg 1 YPuxodoyia, 1 OTATIOTIKL), 1] HNXAVIKI], 1] OIKOVOUETPiA 1] akOpa
KAl 11 €QAPUOOUEVI] QUOIKY), €ival xprjoipa yia tv e§€tacn TV IIPOTUIIOV
OTATIOTIKQOV HOVIEA®V. X100 MapeABOV 0 0pog «veUP®VIKO HiKTuOo» £vvoouoe eva
8iKktuo 1] KUKAGPA BlOAOYIKOV VEUP®OVOV, €V® 1] OUYXPOVI] XPIj0n ToU OpOoU
oxetifetal pe exvna veupevika diktua ta oroia uldorolouvidal Pe TEXVITOUG
VEUP®VEG 1] KOPPoUg.

To 1943 o1 McCulloch kat Pitts gioryayav pia oe1pd arnAomoupevay VEUPOVOV
ol ortoiol avarnapactabnkav oav povieda Blodoyikev H1IKTU®V 0g EVVO10A0YIKA
OToIXeld yla KUKA®UATA, ITIOU UIIOPoUoaV Vvd €KTEAECOUV  UITOAOYIOTIKEG
epyaoieg. To Baocikd poviédo tou TeEXVNTOU veupmva otnpifetatr nave otg
Aettoupyieg 1wV Prodoyikev veupwvav. ES oplopou «otl veupwveg eivatl o1 Bacikeg
povadeg onpatodotnong tou VEUPIKOU OUOTIHATOS €VOG {®VTavou opyaviohou
otov oroio KABe veupwvag e€ival eva Povadikoe KUTIAPO, TOU OIoiou ApKETEG
Oiepyaoieg yivovial péoa oto KUTIapo auto.»

Ewova 4.1 Koppatia tou AANN(Analog Artificial Neural Network) tou Phil Stearns 1o
ortoio avtidpd ota yupw tou epebiopata (www.steim.org)
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O Bodoyikog veupavag €xel teooepa Kupla pépn. To Kuttapkd owpda, Toug
bevbpiteg, tov veupadova kat Tg ouvarntikeg aroAnselg. To Kuttapikd oopa
eivatl n «kapdid» tou veupwva. IMepiéxel tov nuprva Kat Hlatnpel v nNPOTEIVIKD
ouvOeon. Evag veupovag €xel toAdoug Sevdpiteg péow twv ornoinv dnuioupyet
ouvayelg pe AAAoug VEUPMOVEG, €101 WOTE va AVIAaAAdoel onpata pe autoug.

AgvbPITEG KuTttaptko Naugq OVLKEG
oW anoAngeLg

Nevpagovag 2

KouBot EAvTpo  KiTTOpQ
Muprvag Ranvier HuEAlvnG Schwann

Ewova 4.2 Neupovag kat ta pedn tou

Eva texvnto veupwviko diktuo eivatl éva cuotnpa rou Paocifetal ot Aettoupyia
IOV PBlOAOYIKOV VEUPOVIK®OV O1KTU®V. Oa upIrmopouce va dArotedéosl pa
MPOOOPOIMON TOU P10A0OYylKOU VEUPIKOU ouotpatog. Ta texvnid veEUp®VIKA
oUCTNHATA  MITOPOUV  va  €KTEAEOOUV  Metalu  dAAdwv, YN YPAPHIKES
IIPOOEYYIOTIKEG Oouvaptroelg, tagivopnon O6edopevav, ouctadoroinon kKat pn
MTAPAPETPIKY] TTAAVOPOUNOD 1] KAl POVIEAA ITPOCOHPOIDOERDV TG OUNITEPLPOPAS
opddag Poloykav veupwvev. Ta tedeutaia dev propouv va aAroteAécouv
akpBeig Mpaypatkeg IPOCOUOINOELS VEUP®OVAV ylati dev Ipooopolimvouv v
Blodoyia, Vv XnNuikn ouotaon 1] TG QUOIKEG 1810TNTEG €VOG TTPAYHATIKOU
veupmva. Opwng Prmopouv va IIPOCOHOIRN00UV TTOAAEG TTTUXEG NG MANPo@opiag
ouvbudloviag TV AvAyvoPlon IIPOTUN®V TRV IPAYHATIKOV VEUPWV®V HE
0UO1a0TIKO TPOTTO.

Ta veupwvikd poviéda eival kataAAnda ya e§opoinorn, avaduor, poPAsyn Kat
ouoxétorn. Ol KUPIEG E€PAPHOYEG TV  TEXVNIMOV VEUPOVIKOV OKTUGV Td
KaO10toUVv Xprjoa oe 6AOUG TOUG EITIOTNHOVIKOUG TOPEIS OGS yia rapddetypa
va Bpiokouv potifa dedopevav pe TV AMOPVIHOVEUOT] XAPAKTNPIOTIKOV KAl
YVOPIOPATOV TOV YVROT®V Oedopévev Kal va KAVOUV OUOXETIOPOUS HETAdy
naAov kat véav dedopévav 1 va pabaivouv kKat va avarnapayouv KAvoveg 1
Aettoupyieg arno dobevra napadeiypata.

4.1.1 Xp1j0€1g TV VEUPWVIRKOV S1KTU®V

Ta povieAdda TEXVNTIOV VEUPOVIKOV OKTU®V UIMopoUVv HECK MAPATNPIOE®V Vva
Xp1otportonBouv ya v vdoroinon 81apopwv ouvaptr|oe®V. AUTO €Xel NeEYAAn
Xpnowpotnta dlaitepa 0e €QAPUOYEG ITOU Ol OUvapTnoelg Oev pIopouv va
vloronOouv XePOVAKTIKA AOYy® TG TMOAUIAOKOINTAG TV dedopevav 11 tev
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diepyaowwv. Ilapakdtw mnapatibeviatr pepika rnapadeiypata  MPAKTIKGOV
npoPAnpdtev ota omola n avdaduorn HPe VEUP®VIKA Oiktua €Xel epappootel pe
ermruxia:

e Tnv owovouikr) mpPoPAeyn yia Xpnuatiotpla Kdl yla TV eKTIPNOon
akwvntov. Ta veupovikd Oiktua prmopouv va €§etaocouv KAl va
Tagvoprioouv  tautoxpova  IOAAAriAég  MMAnpo@opieg KAt - €101
Xpnotgorolouviat artd ToAAoUg avadutég yia va 1poPAéwouv TG
EMEPXOPEVEG TIHEG PETOXMV ] AKIVITOV 01 ortoieg Paocifoviatl oe toAAoug
napayovieg Onwg ol radaiotepeg afieg v 1diwv 11 AAA®V PETOXAV, Ot
AVUIKEPEVIKEG agieg TV akwvtov KAB®MG Kal v ermppon diapopwv
OlKOVOUIK®V HEIKTOV.

e XV avixveuon Kat aSloAoynorn 1atplkeV @AVOPEVAV, IPOANYn Kat
didyvewon, Kat urmoAoylopo Tou KOotoug iaong kat Ogpareiag. Xtn
didyvoon oupPfaldouv avadvuoviag ta CUPITIORATA ITOU ava@epdnrav
Kal T1apakolouBoviag tautoxpova ToAAOUG  1aTplkoug  Oeikteg.
Xpnoworotlouvtal ylia va avayvepifouv mpoturna mpolAeyng €101 ®ote
va BonBouv otnv KatdAAnAn ouviayoypda@non.

e Xta ouotnpata H1axeiplong Kvnipev ya v npoBAeyn 1oV avaykov
0c €VEPYEWD KAl TRV OUVAMNIKQOV ouctnudtav edeyxou. Ta veupovikd
diktua eAéyxouv 11§ H1aQopeg APAPETPOUG PEO® TV OIOiI®V Aettoupyet
0 KWNUPag IPOKEPEVOU va €ImteuxBel €vag OUYKERPIPIEVOG OTOX0G
onwg yla rapadetypa n eAaxiorornoinon g Katavdloong kauoipou.

e XNV rmotoAnmukn kavomta. MropoUv va arno@acioouv KAtd ITOCO O
auev yua eva davelo ermgepel pioko 11 oxt. Metd and exknaidevon twv
VEUPOVIKQOV OIKTU®V O 10TOPIKA OTowXeia, 1 avdaduorn 1ou e§dayouv
propei va avayveopiost 1a 1o XPrjotld KAl OXETKA XAPAKINPIOTIKA KAl
va Ta XPIOIHOTIOW|0El yia va Ta§lvoproel Toug urnoyn@ioug ocav Kalo 1
KAKO TIOTOTIKO pioKo.

e XV mapakoloubnon g KATAOTAong HNXAvnpdi®v Kdi ot Anyn
ano@aoce®v, Orou 1 PEAtiotn ano@acn maipveral XProlpoIolwviag Tig
duvatointeg taSvopnong IOU IAPEXOUV Tta Vveupevikd Odiktua. Ta
veupewvika diktua prmopouv va oupfdlouv ot HPEl®on Tou KOOToUg
OUVIN|PNONG IIPOCOETOVIAG EPTEIPOYVAOOOUVI] OTOV IIPOYPAPHIATIONO yia
MIPOANTITIKY] OUVINPNON Ttev pPnxavnpdaiov. Ta veupevika 6iktua
HItopouv va eknatdeutouv yia va §1aKkpivouv Toug 1)XouUg Iou eKIEPITIOUV
Ta pnxavipata otav S0UAEUOUV KAVOVIKA 1) OTAV UTIOAEITOUPYOUV.

4.1.2 To PAC1KO TEXVNTO HOVIEAO

Evag texvnidég veupwvag eivat pia ouokeur] pe €va aplOpo €00dwv. Kdabe
eloobog eival otabpiopévn kat ta PApn autd aviotoxXouv oe €va [F10Aoyiko
veupava. To 1ooo 1oxupr] eivatr n ouvdeorn PeTaU plag £10060U KAl evog
VEUPQOVA UTTOOE1KVUETAL A0 TNV T Tou Bapoug autou. O rkabe veupwvag £xet
€MIONG P1a TP KATO@AIOU 1) ortoia tov KaB1otd oAU €ugA1KkTo Kal 1oxupo. [a
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va evepyortoinBei o veupwvag abpoiletatl 1o Papog OAWV TV €1006wV TOU KaAl
agpaipeitatl 1o Katw@Al. AKoAoubwg o1 Aettoupyieg evepyortoinong mmapdyouv v
€§ob0 tou veupmva 1ou exel evepyortonOei. Autd arotedel v nepypa@r) evog
pepovopévou veupmva. Av éva Siktuo €xel ouvayelg petal TRV VEUPOVOV
Kabwg kat diaywyr) twv Oedopévav, tote mpéret va Oabetel €10060ug 10U
HETa@EPOUV TG TIHEG TV PETAPANTOV ITOU pag evila@Epouv Ao e§{ROTEPIKA
epebiopata kat €§6doug 1ou kdAvouv TpoPAgyelg 1) dnpioupyouv onpata
¢Adeyxou. 'Eva amlo veupmviko Siktuo £xet pila dopir) por|g rmpog Ta EPIPog OIou
Ta onpata rpomdouvial KAt TPo@odoTouv auotnpd POVo TS KPUPHEVES Hovadeg
rmou Bpiokovtal petd anod avtd, @ravoviag tedkda otig povadeg £§0dou. Autn 1
doun £xel otabepr| oupmeplPopd.

Schematic Diagram of a Neural Network

Input Units Hidden Units Output Units

Flow of Activation

=

Ewova 4.3 Zxnpanko diaypappa veup@vikoU S1KTtUou

Qotooo av oto Jiktuo undapxouv avadpdoelg, tote to diktuo propei va eivat
aotabeg Kat va €xet nepinmlokeg duvapikeg 1610tteg. 'Eva turuko veupwviko
81KTUO epumPO0O1ag POr|G £XEL TOUG VEUPMVESG TTOU TO ATTOTEAOUV TOTTOOETNEVOUG
oe pwa Odwakpl) moAvertinedn torodoyia. H eneepyaocia tov dedopévav
eMeKTeivetal AV o ToAAAriAég povadeg, aAdda dev umdpxouv ouvdEoelg
avadpaong. To eminedo €10660u Oev Aettoupyel OV MPAYPATIKOTNTA HE
VEUP®VIKO TPOTIO: Ol VEUPMOVEG ITOU TNV AITOTEAOUV AITAA £10AYOUV TS TIHES TV
petaPAntov e10060u. Ot £0OTEPIKOT VEUPWVEG KAl O1 VEUPwVeG £6060U eivatl 6Aot
ouvdedepévol pe OAeg tg povadeg oto eminedo e§odou. Eivar duvatov va
untapSouv diktua ta oroia eivat pepkwg ouvdedepeva pe to ertinedo £§odou,
®WOTOO0O0 YA TIG TTEPLOCOTEPES EPAPHOYES £1val TIPOTIHOTEPO VA XPNOTHOTIO10UVTAL
AT PG ouvdedepéva diktua.

Katd ) Aettoupyia tou 6iktuou, peta v 1po@odotnorn tou ermuedou £10060u
pe g petaPAnteg e100dou, yiveral pia mpoodeUTIKL) EVEPYOITOINOT TOV KPUP®V
Kal e€RTEPIKOV veupavev. Kabe povada urodoyiletl tnv tpr) evepyoroinong g,
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a@alpaviag v Tipr Kato@Aiou g anod to abpoiopa 1wV ouvanukev Bapaov
mg. H ) evepyoroinong di€pxetatl péom g ouvaptnong £vepyortoinong yua
va rapagel v €§060 tou veupwva. Otav ektedeotel 1 ouvaptnorn o€ OAo TO
biktuo, 10 OUVOAOD TV £§0dMV TOV VeEUPp®VOV Tou ermrtedou e§66ou arotedel v
¢€000 0AOKAIPOU TOU CUOCTHATOG.

4.1.3 EXnaidsuon vEUPOVIKOV S1KTUGV

Yridpxouv 600 1porol va ekraidevooupe eva diktuo. Katd tov mpwto 1poro, n
exkrtaideuon yivetal pe enortteia. Xnv nepimoorn auvtr) o diktuo tpo@odoteital
pe éva ouvodo yvwotav rapadetypdrev, dndadr éva oUvolo KATAOTACEDV OTIS
ortoieg propei va repteAbet 1o diktuo, padi pe ta anotedéopata mou BgAdoupe va
O0iver 10 Oiktuo ywa TG Kataotaoelg autég. a va pdabsr o diktuo 1a
napadeitypata autd, Xpnowgorioloupe  évav  alyoplBpo  exknaibeuong. O
aAyopiOpog exknaideuong rmou Ba xpnowporowBei e§aptatal aro 1o €KACTOTE
npofAnpa xKat aro Tt 6opr tou SIKTUOU TOU EeImMAEYOUPE Yyl va 1O
AVTIPETOITIOOUE.

210 6eUtepo TPOTTO, 1 eKMaAibeUOT yiveTal X@pig erortteia. Linv NMepinoorn avtr)
10 diktuo KaAeital va avayvopiost opolotnteg kat potifa oe dedopeva mou tou
exoupe tpogodotrioet. Ta dedopeva mapouotadovial oto Hiktuo Kal auto o@eidet
va Tpooappootel €101 wote va ta xepioet oe opadeg. H Swadikaoia autr
eravaAapfavetal, ®OTIOU va Pnv napatnpeitat petaBolr) oy tatvopnon tov
debopevav.

To PBaokd TALOVEKINPA TOV VEUPOVIKOV OIKTIU®V €ival Otl prmopouv va
aroBnKeVOOUV YyveOon Kal gurnelpia anod 1o rnepifdaldov, v oroia propel o
ouvéxela va avakadeoouv. Ermrmdéov, éxouv tn duvatoinia va yevikeuouv,
6nAadr) va e§ayouv ta Paocikd XapaKInNEOTIKA €vOG OUCTHHATOG, AKOPA Kt
otav autd rieptdapfBavovratl oe BopuPfwdn dedopéva.

4.2 IIpooceyyion ne xpnon napatnpntn [13]

Zto paper tou gpyaotnpiou pag «An Observer Approach for Deterministic
Learning with Patchy Neural Networks(PNN)» mapouoiaetatr pla pébodog
VIETEPUIVIOTIKLG 1aOnong n oroia Paocifetal oe napatnpnty). To mpotewvopevo
ovuotnpa aroteAeital ard €vav  mapatnenty] IoU IAPEXEl AOUUIOTIKES
EKTIIIOES Yld TO AYVOOTO, HUI YPAPHIKO, ITAPAPETPOIOU|O110 Hiravuopatko
nedio. H €§odog tou mapatnpntr] Kat o1 PEIPoelg TV 51avUoRATOV KATAdotaong
Xpnotgorolouvidatl ot ouvexela aro éva tormko PNN ya va e§ayouv pa yevikn
Hop®r) NG U1 YPAPHPIKOTNTAG OTlG IMEPLOXEG PEOA OTIG OITOieg IAPAPEVOUV Ol
TPOX1EG Katdotaong. AEmTopepr)g avaduorn ToU OUCTHHATOG, KATASEIKVUEL TNV
Kavotnta pabnong pe meploplopeveg mapadoxég. Emiong pla pedéwn g
IPOOOH01®OoNG TTOU Tpaypatonofnke eraAnOevetl ta Bewpnukd arnotedéopata
pag.
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Xpnowonowviag &va apatnpntr] IoU £@APHOEl TO OAOKANPOUA TOU
ITPOOCI|HOU TOU OPOU OQPAAPATOG, EIMITUYXAVETAL P1d ACUMITIOTIKI] EKTIPNOT TOU
avtioTtoxXou PN ypappikou dravuopatikou nediou. To Patchy veupwviko diktuo
(PNN) ewodyetatr ot ouvéxela Oto ouotnpa yia va pabest v dayveootn pHn
YPAPHIKOTNTA Tou e§dyel o Iapatnpning Kat ot £6odotl 1wv kataotaoswv. Ta
ouvartuika Bapn tou PNN evnpepovovtal aAyeBpikd peidvoviag onpavikd v
UTTOAOY10TIKI] TIOAUTTIAOKOTTA TG Pabnong.

4.2.1 Elcaynyn

Ta texvnud veupwvika Oiktua €xouv Xpnotporounfel armotedeopatika  yia
VIETEPHIVIOTIKY] P1AOnon ota miaiola Tou mpooappooTiKoU €AeyXoU Kdl yid TV
OTATIOTIKI] 1] UTTOAOY10TIKI] Pdabnon ota miaiola tng pnxavikng padnong. Mua
VIETEPUIVIOTIKY] Oewpia pdbnong mpotabnke mpoo@ata kair e@appoletat oto
npofAnpa  duvapikng avayveplong Ipotunav[14][(15], otv orowa ot
ouyypageig efetalouv 1o MPOoPAnpa avayveplong SUVAPIK®OV IIPOTUNOV yid
POO®P1VA IPOTUIIA Ta ortoia dnpoupyouvial aro 1 Suvapiko cuotnpd.

x(t) = f(x(t); ) kax(to) = xo (E§. 4.1)
‘Orou:

o x:=[x1,Xp -, X,]T € &2 10 HrAvUOPa KataotdoEV

e p: 10 Hiravuopa pe TS MApalETPous TOU CUCTHIATOS

e f;p)=[filx;p) L(x;p) ... fn(x;p)]": Avunpoownevel v SuUvapiky ou
ovotpatog pe f;(x; p) pa opadr), Ayveotrn, Un YeappiKy ouvaptnon.

Ta duvapika npoéturia opifovial MG YeVIKEG eAVAAAPPAVOPEVEG TPOXIEG YUP®
arntd v &fiowon (1) kat neplapPdavouv petalu aAdwv, 1eplodikeég, npi-
neplodikeg 1 axkopa xaotkeg tpoxieg. H dwadikaoia avayveopiong mpotunov
nepAapfavel duo Kupla kabnrovia: pia apXikrn diepyaoia tauvtoroinong xat
m Owepyaocia avayvoplong. ‘Ocov agopa v dlepyacia tautoroinong,
utloBeteitatl n POCEYY1oT NG VIETEPHIVIOTIKIGS Oempiag rou Paociletal oe TOTTKY),
aKTVIKY Baon Aettoupyilag veupewvikov Siktuwv (radial basis function neural
networks RBF NN) [19][20].

Xpnowonowviag avtd 1o ouotnpa pabnong, ot MANPOQOoPieg OXETIKA HE TO
duvapiko npoturno AapfBdavoviatl kat arnoBnkevovtatl ota ocuvantuika Bapn RBF
NN. Metda ) Sadkaoia tautornoinong KataoKeUuddetal eva oUvoAo SUVAMIK®OV
POVIEA®V TO Aeyopevo «oUVOAO OOKING». XTI OUVEXEWM AUTA TA HOVIEAd
XPNOOITO1I0UVTAl yid TNV avayveplon MPOoTUINV oUyKpivoviag ta Ipaypatika
MPOTUIA P ta npotura doxkipung (mapdyoviat ano povieda dokipurg) pe KAmoo
KataAAndo perpo opototnrag[14][15].

Zav nipwto Prpa oxedialetal evag rapatnpnins pe Baon v mpooeyylorn Tou
00evapou 0AOKANPOUATOG TOU IPOCTHoU Tou o@aApatog (robust integral of the
sign error RISE) [16][17][18]. Me autd 1ov TpOIo yiveral pia ACUNITIOTIKY)
eKTipnon tou opalou Stavuopatikou mediou f(x(p)). Eva 1ormkod vEUPKTIKO
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diktuo pmopel ot ouvéxela va XprnowportouBei yia va eSdyel Kat va
arnoBnKevoel 11§ MANPOPOPIEg AUTHG TG EKTIPINONG.

Mua véa taén amd tormkd veupmvika Siktua ovopadopeva «patchy» veupovika
diktua PNNs elodystal ot ouvexela pe Paoikeg Asettoupyieg rou eival patches
TOU X@POoU kKatactace®dv. H kaBodwkn wkavotnta mPooeyylong Toug
artodelkvuetal 1.X. pe 1o ottt PNNs pe enapkr aplbpo kopfov propouv va
npooeyyioouv pe ermbupnt) akpifela, peoa oe pia PIKpr MeEPLoXt), Pd YEVIKI)
ONAAT] |1 YPAPHIKI] OUVAPTHOT).

Enewta éva anmdd PNN xprowomnoteitat yia v arnobnKeuon oV IANPoQopitoV
rmou Aapfdavovial armo TNV EKTIPNON TOU TApdineniry He &va gUKoAd
€QPAPPOOII0  CAYeEPPIKO  TUMO  evnpEP®ong ouvantukou  Papoug. Ta
nAeoveKtpata g rpotevopevng pebodoAoyiag sivat :

e Aev undpxel avaykn yia dwatrpnon Ing katdotaong Oi€yepong yia to
dtdvuopa kataotaong. To PNN eivat wwavo va pabet v ayveotn pn
YPAPHIKOTNTA 08 KATTO1d TEPTOXT] TOU XWPOU KATAOTACE®V AIT0 pid POVo
EMIOKEYN IOV TPOXIWV T®V KATAOTAoewv ota «patches» tng meploxng.
Auto Bpiloketatl oe avtiBeorn Pe 10 MPOTUTIO AITIOKPATIKOV OUCTHATROV
pabnong [19], [20], [14], omou pwa 1PoUNOOeon ernavdAnyng yua Tg
TPOX1EG KaATAoTaong eivatr arapaitntn ywa 1 padnon oe auteg TG
YEITOVIEG TTOU Hieyeipovial replodikda.

e O1 wWrmnot yuaa Vv evnpép®on IV ouvonukwv Papwv tou PNN
rabBopifovratr amrd aldyePfpikr) popen katr dev Sivoviar pe 1 HopQr)
dlagopkwv eflowoewv. Auto odnyel oe onpavukn peiwon g
UTTOAOY10TIKI|G TTOAUTTIAOKOTNTAG NG eKPAONOoNg agou rpéret va Aubouv
n Ola@opikég eflomoelg POvVo yla Tov Tapatnpntr, oe aviibeon pe
N_1x...xN_n &wagpopikeg 1mou Xxperalovtatr ywa va sknaideuoouv ta
ouvanuka BAapn TOU VEUP®VIKOU (yia &€va veupeaviko pe N_1x...xN_n

Roppoug).

4.2.2 $oppouvda sekpadnong npofAnpatwv

v avayveopilon IOV IIpooRPIVeV MPoIUneVv Iou dnuioupyouviatl arod &va
Xpovikda avaddoioto duvapiko ovotnpa 4.1 pe m PorBela veupwvikou Hiktuou,
10 mpoto Brpa sivat n Pactopévn cro veupovikd diktuo avayvoplon ng
ayvootg Jn  ypappwointag  f(x). Xpnowomnowwviag éva  SoKIPAOTIKO
TIPOCMPIVO TPOTUITO, £va Torukd diktuo W P(x) exnaidsvistat yia va urodoyioet
mv f(x) nmave omv tpoxia x(¢ xgpi). AxodouBng yla KABe 1mPOTUITO
exnaibeuong Snpoupyouvial N Suvajpikd povieda [14]

x=-A(x'-x)+W'P(x),(1<i<N) (EE 4.2)

ne A = diag{ay, ..., a,},a; > 0 oxedraotikég otabepég kat W; = [W, ..., W] € Rimno
mivakag ouvantikewv Papev ToU VEUPOVIKOU O1KTUOU aVvIloTowXel 0to 1-00TO
POTUTIO eKItaibeuong.
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Z1n ypryyopr duvapiki) avayvopior Ipookpivev MPOTUIIRV, TO IT0 MTAPEHRPEPES
artd ta N duvapikd povieda, avayvepiletat pe Bdaon to peéyebog opaApatog
ouyxpoviopou. 'Etol, amod 1o oUvolo TV IPoTUn®v OJoKurg, autd Iou
MEPLYPAPEL KAAUTEPA £vA OUYKEKPIPEVO TPOOXPIVO ITPOTUTTO €ival autd He To
RIKPOTEPO OPAAIA OUYXPOVIOHOU.

[Mapadoxr) 1: Apxikda KAvoupe trv rapadoxr) OTt Ol TPOXIEG TOV KATAOTACERDV
x(t; xo; p) elvar @paypéveg 11€oa 0 KAIMO0 OUPMAyeg ouvodo | € Rr kat
urntapxouv Oetikég otabepés cf, c's, ¢’ Téroleg MOTE ¢ = maxy supye; |fi(x)| < oo,
c’r = maxy S Lj S nsupye|0fi(x)/0x; | < oo, ¢”p = maxy <i,j,k <
nsupxe;|0° fi(x) /0x;0x; | < oo

4.2.3 Nesupoviko 8iktuo Patchy

Ta torukd NN rou pedetovpie gival oxetkd ando va eknaideutouv. 'Eotw ot

I:==1, xIz x .. xIn ¢éva opBoywvio 1apadAndoypappo n-Stactdoewv Katr &-

i ' ' | ' . i Ni
KATATRNoE®V 0t kaBe Sraompa fi Kabe I Siveratl arno tov wuro [i:= UL 4y 1 =

Nj f . 5
Ujiilaij-1,a; 5] omov a;; = ;o + j6(1<i < n).

[a twa ouvvoda Ay x ..xAp;, (1<i; <N;1<i<n) propoupe MALov va
opiooupe g «patch» Aettoupyieg:

1,x€ A;; x ..xA,;
Diyisse in(x)={ O,c{AAoﬁml T (EE. 4.3)

Eva «patchy» veupwvikd 6iktuo eivat €éva veupwvikd diktuo pe €va evdidpeoco
ertinedo pe Savuopata Paong rou arnotedouvial amno Asttoupyieg «patch» orou
n €€odog diveral ano:

Y= Xty o Ty Wi iy @) = WTP(x) (E§. 4.3)

, N;x..xN.
Omou W 2= [y, 1, Wiy, n, [TER T 0 wat P(x) = [Py, 1 (%), o\ Py, v, (O]

.....

Mua ypagikr) avanapdaotaon tou PNN &ivetat ot ewova 4.4.

58



Py, (%)

Ewova 4.4 To «patchy» veupaviko diktuo(PNN)

To PNN éxet tv duvatotnta va mpooeyyifel yevikd pn ypappiKEG oUVAPTHOELS.
Eote n ypapuikn ouvdapinon f: I € Q2 QR oplopévn 0g KATolo opBoywvio
riapadAnAoypappio n-daotdoewv I. AkoAoUBwg yia kaBe >0 urtapxetl éva PNN

pe Nyx..xN, kOpPoug (Aettoupyieg spatchy) kat Siavuopa cuvoruikou PBdpoug

N;yx..xN, . .
Wweg ! ™ 1£1010 QOTE:!

f(x) =WTP(x) + €,(x) (EC. 4.5)

Omou 10 P(x) = [py1,..1 (0, Py @]T K1 mpoOEYYIOTIKO  O@EAMQ
lex(x)] < evx € I. Autry etvat pia Ajpleon OUVEITELD TOU OPIOPOU TG OUVAPTNONG
«patchr xai 1ou Bewprpnatog peong tung (OMT). Ewdikoepa av epapudooupe
10 OMT ya f(x) oe kabe wpatchr Ry, ;. = Ay x..xAy; Taipvoupe ot

Vx €R;,, i, @ kauow 6;, ;¢ (01) xavx;, ;i € Ry ;. Enedn opog

st

lx — i, fl < 1@, — @i, VXX, 0, < Riy i, €TTAEYOVIAS TO OUVATITIKO

Bapog wy, i, = f(xi,,.,i,) €Xoupe OTL:

| o) — WTP(XN = max{-te{l.....NE} l'I?=1(a,-,1 . aj,i;—l) (ES 4.7)

1=l=n

|if(_x3
ax l°

Orou ¢ = maxxa| Topa, emdéyoviag €va apketd peyado apibpo

KOpPwv Ny, .., N,, I.X. ermidéyoviag pid KATATUNOI] O MKPOTEPA KOUPATIA

HITOPOUHE Va EMTUXOUPE MaX. (1,.n) ﬂ?=1(aj 17 Gj EJ-—1) <e&/c
H' y<isn ' '
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4.2.4 TUoTtnpa avayvopiong

To ouvoAikd cuotnpa arotedeitat aro 6UO0 S1APOPETIKEG £PYATieg EKTIPNONG.
Apx1ka, £€vag acURITIETIKOG Iapatnentg npoteivetat pe PAon v mpooLyyion
TOU €UP®OTOU OAOKANPOUATOG TOU IIPOCT|0U ToU o@dApatog (robust integral of
the sign error RISE)[16][17][18] tou avayvwpiletl To pun ypappiko diavuopatiko
xopo &= f(x(t)). Axkodoubwg ¢éva PNN avadapPdver va e§ayet 1 YeEVIKI)
popor) g f(x) pe Paon v €§odo tou mapatnpnt) katr ug £§66oug TV
KATAOTACEDV.

A. Tlapawnpntg RISE

‘Eotww o napakate rapatnpent)g RISE mArnpev kataoctaoewv:
20 = &) = k(x() — (1)) + 2k fut(x(s) — 2(s))ds + B fot sgn(x(s) — 2(s))ds (ES. 4.8)

pe otabepeg k, 4, > 0 ywa tov tapawnpent RISE(4.8) tou ouotpatog (4.1) 1o
akodoubo Arjppa propet va arnodedexOet:

Afppa 1: 'Eoww 10 pn ypappiko duvapiko cvotnpa (4.1) to oroio kavortotet
Vv napandave napadoxr) kair o napatnpnu)g RISE rou neprypagetatr pe v
eiowon 4.8. Tote ya ermdeypeva k > A > 0 rat

B 2 nepc's + Qer(cre’y +¢'7) (ES. 4.9)
OITOU Wy, i= Su-plsi,jlewiJl

1oxUeL ertiong ot limee (2(t) —x(t)) = lime (E(t) —f(x(t))) =i

H rnAnpng anédedn tou Anppatog 1 yivetat oto paper tou gpyactnpiou pag «An
Observer Approach for Deterministic Learning with Patchy Neural
Networks(PNN)» [13].

[Mapatrjpnon 1: H mo onpaviikn 18610tnta tou napatnpntr] RISE (4.8) eivat ot
TMAPEXEL M1  ACUUITIOTUIKI]  eKTipnon tou Xpovou ¢€(t) Tou  aviiotoixou
dravuopatkou nebiou f(x(t)) mou propei va xXprnooroinBei ot OUVEXELW yid
NV eKNAideUOn £VOG TOTTIKOU VEUPOVIKOU H1KTUOU €101 MOTE va £CAYEL TN YEVIKT)

poper) g f(x).

B. Evnuépwon tov cuvanukov fapwv tou PNN

To Anppa 1 e§aopadilet ot 1o Stavuopatko onpa é(t) tou napawmpentu) RISE
OUYKAIVEL AOUPITIOUIKA oto Stavuopatiko redio f(x(t)). To onpa e§odou tou
napatnent) () Kat ol PeTProelg tTou H1avUoPaTog Katdoraong PItopouV ALV
va xpnotporoinfouv yia va exkratdevoouv 1o PNN ©OTe va QrtoKIroet ) YEVIKT)
poper g f(x) 0e éva KOPPATL NG TEPIOXHS TOU XOPOU KATAOTUCERDV ITOU
opifetat amo Tg TpoxiEg OV Katactacewv {v € R2 |v =x(t),t € [0,0)}. Ta
ouvorttika Bapn evnpuepovovial aAyePpika og eCng:

W (0 = (1= piyi, (x®O)) W, () +pyy,.0, (x(D)E(E) (B 4.10)
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1) wwoduvapa:

W)= W7, i, (E ) @V Py, (x(0)) = 0

 , (ES. 4.11)
1o fj(t),av pil,...in(x(t)) =1

(=12,..,n) pe apxXikég TEGg ﬁr‘i}_"in’([}) =01<i; €N, 1<i, SN1<j<
n). I ouvéxela 10  Savuopa  WTP(x) pe W= (W,.., W],
Wi = [W] 1, .., Wk, n, | NIOpel va xpnomoromBet yia va urtodoyioer v f (x).

4.2.5 Extipnon PNN

Ta ayveota pn ypappika oroixeia tou Sravuopatikou xwpou fi(x) prmopouv va
nipooeyylotouv ard W (£)P(x) otnv Ieploxt) 1@V 1poXIOV IOV KATACTACEQV
Rs(T,t) = {Use[rqR(x(t),8)} omou R(s;8) =Ry ; 1e toug OJeiktes va
ertdéyovrat aro o ovvodo {i; € N [1 =i <Njl<i<n}eworwotes € Ry, _; ya
é¢va PNN pe 6 Swatprjoeig kat t < T < 0.

Bewpnpa: 'Eote® 1o pun ypappiko §uvapiké cUotnpd mou mepypa@ETal armo v
E¢. 4.1, wavorotel v napadoxn 1 kat o napatnpnt)g RISE rou nieptypdpetat
artd g ES. 4.8,4.9. Tote yua kaBe € > 0 undpxel €évag xpovog T'(g) > 0 kat éva

PNN pe prnkog patch §(¢) < £ T KAl TUIO eVNPEP®ONG OUVATTIKGOV Bapaov
ZCFI‘HZ

myv EE 4.10 étov wote ||[WT(E)P(s) —f(s)]| <€ yia 6da ta t=>T(e) =0 xat

S € Rs(e)(T(€), t) = Urefr(e) ) R(x (1), 6(€)).

Mapatnpnon 2: INpakukd, 10 apdndve Sempnia avapepel, 0Tl YIopouls va
EMMAESOUPE P1a APKETA TTUKVI] KATATUIN O TOU X®POU KATACTACOERDV (1€ § apKeta
HKkpo), €tot wote to PNN pjropei va Ipooeyyioel amotedeopatikd T Wi
YPaPUIKn ouvaptnon f omv neploxn Rg)(T(€),t) mou eivar n éveon tav
ermpuépoug patches aro ta oroia SiEpxoviat Ol TPOXIEG TOV KATAOTACE®Y KATA
m Sapkela [T(€),t]. Xpovog T(€) opifetal ®g 0 XpOVOG IOU Aratteital yia tmy
extipnon tou rnapatnpnt) RISE va ouyklivel oe kamowa neploxn g f(x(t))
Kat va rtapapeivel exkel. H arodeln divetatl oto paper [13].

[Mapatpnon 3: And 10 Bewpnpa 1 PAémoupe Ol yla v mANPn eKpadnon

Karolag pn-ypappikomrag f péoa oe kanoieg I € R 1o duvapiko ovotpa 4.1

IPETTEL VA €lval «mixing»* I.X ot TPOX1€G KATAOTACE®V TIPETIEL VA TIEPVOUV ATtd
0Aa ta §-patch tou I. Autr) n 1810tta ep@avietal ota Xaotkd ouotpatd.

*Mixing eivat ta gpyodika ouotnpata ta oroia €xouv v 1810tnTa Ot To ywopevo Toug elvat Kat autod
epyodikd ovuotnpa
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4.2.6 McAttn NPOCONOLIWOTNG

Na va eCakpiPwbel n arotedeopaukOLTad TOU IIPOTEIVOPEVOU OUOTIHATOG,
Bewpoupe 10 pabnolaxko rpoPAnpa ya tov tadaviwt) Duffing

X=y
, ES. 4.13
y==p2x—p3x3—p1y+q cos(wt) (ES )

pe apxikeég ouvonkes x;(0) = 0,x,(0) = —1.8 xkat mapaperpoug p; = 0.35,p, =
-11p;3=19g=1498katw =18. H pn ypappwkomta rnou Oa avayveopiotei
givat n f(x,y) = —p,x — p3x°® — p1y g e§lowong 4.13.

O napatnpnng Rise:

¥ = qeos(wt) +&(t) = qeos(wt) + k(y(t) — §(1)) + kA [, (¥(s) — 9 (s))ds +
B 5 sgn(y(s) — y(s))ds (EE. 4.14)

Me napapérpoug k = 2,4 = 1 xar f = 20. To terpayevo [-2,15,2,15]x[-2,15,2,15]
xwpifetal oe 44x44=1936 «patches» pe prxkog «patch» 6=0,1 kat opifoupe 10
ouoxet{opevo PNN timo evnpépwong rou divetat ano v e§iowon 4.10 kat

¢€obo fr(x,y) = {2 X1, Wy (Dpij(x,y). Ta amoedéopata wmg MPocopoinworg
bivovtat otig akdAoubeg e1kOVEG:

: flz,y)

(z(t),y(t), f(t))

Ewodva 4.5 T'pagnpa g ouvapmong f(x,y) xat ot poxiég v {(x(t), y(£)é(t))}
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T = 102 sec
a4

frz,v) i= T,

ji1 fu(]{)f’utj Yy

]

\ ;
II i .
-4 \ \ 1 \ \ \ \ \ \ \ -_2 .

o 25 2 15 A : 05 O w - -4 == ;
Ewova 4.6 H £§odog tou PNN f£,(x,y) yia t=102
T = 10° sec
5, .
fr(a

L M ~dd 7
') T ZE::I EJ:] Jij

(TYpis (2, ) |

-15 -2 =25
Ewova 4.7 H £§o6o0g tou PNN f,(x,y) yia t=103
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Iy

(t) = == f(x(t).y(t))

1 1 1

O+
o -

10 15 20
t [s( '(']

Ewdva 4.8 Xpovikr) e€EAgn tov €(t) kat f(x(t), y(t))
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KE®PAAAIO 5

Avayvap1lor 10U ITAPAHETPIKOU
61aT01X1010U Y€ T XPI1)01 TOU ITapatnEntL)
RISE
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Kep@alawo 5

5.1 Ewcayavyry)

Z10 mapwv Ke@Adalo yiveralt avayvoplon Tou @AtvopEvVoU ToU TAPAPETPIKOU
dlatowxiopou ano évav napatnpnt) tunou RISE, kabBwg katl n ouykpilon tou pe
Ta mpaypaukd arnotedéopata g eSiowong Mathieu mou meprypdgetl Kivnon
nmloiwv oe kupatiopoug. Eva and ta mAeovektpata tou napatnpnty RISE
évavil dAA®v rapatnpniov eivat ot propel va pag rnap€xXel ac@airn ektipnon
KAl g Iapayemyou TNg avayvoplong ToUu @atvopevou Trmou onwg Ba @avet
MAPAKAT® €ival APKeTA PEAAlOTIKY] KAl MANOLAdel rapa oAU 1 padbnpatkn
. Enutdéov mapouotaletatl kat n Ty tou AdBoug exktipnong. Mmiopoupe va
MOUPE &v TeAel OTL O MAPATNPNING HaAg KAVEL Ao@aAelg eKUpr|oelg. AuUto
@aivetatl ano ug TpeEg tou Adaboug.

5.2 YAonoinon tou napatnpntn RISE

Apxika vldorotoupe €vav napatnpntr) tunou RISE (robust integral of the sign
error) OInwg autog reptypa@stal oto ke@aiatw 4. O rapatnpnt)g avayvepidet to
pn ypappiko Swvvopauko nedio EF(0):= f(x(t)). H vldonoinon yivetar oe
niepipadlov MATLAB kat ieprypagetat amo v e§icwmon:

Y = gcos(wt) + &(t) = qcos(wt) + k(y() — 9(t)) + kA fut(y(s) —y(s)ds +
B [, sgn(y(s) — y(s))ds (EE. 5.1)

21 ouvéxela XPnoloroloUlEe Tov mapatnpntr) pe otabepég k=1, A=100, =50
yia va avayvopicoupe 1o @aivopevo ToU napaperpikou diatowxiopou. H 1o
onpavtkry 1Boma tou napampent) RISE (5.1) eivar ot mapéxel pa
ACUUTITIOTIKL] €KTIPNOon tou xXpovou ¢(t) tou aviiotowxou rediou diavuopatog
f(x(t)) mou propet va XpnowporounBel oty CUVEXEWA yld TNV AVAYVOPL01 TOU
TTAPAPEIPIKOU O1aTOX100U.

IMapatiBevtatl o1 kwdikeg oe MATLAB mou xprjowpornotr|0nkav:

¢  Kndikag vAomoinong mg d1apopikrg yia Xpr)on arod tov Iapatnpent):

SAVOYVOO LON TV HOVIEA®V TOPARETIPLKOU dLATOoLX LOUoU mAoiwv
$0€ KUUOT LOPOUQ XPENOLPOImOLOVING Tn uébodo Tou mopatnenth RISE

$H vlomoinon tng dLapoplkhc €&lowong Mathieu yvia yxphon amo Tov
sunapatnenty RISE

$Xpnotog AcAov (idng

$2002030134

function dy = diaforiki mas obs (t,y)

SHap&ueTPOLl TOU XEPNOLPWOTOLOUVINL OTn O La@opP LKA
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$H @uoLlkh ouxvorntia dLaTolXLopoU Tou mAolou
omega f=0.343;
SYPOUPLKOGC OUVIEAEOTNG TNG POINC AIOKATAOTHONG
k44=1.7646*10"9;
$&bpoLopa Tng pomhg adpdve Lloc YUpw omd Tev x—-&dfova ToU JKAUITOU OOUXTOC
KOl TNg mpootilBepévng pu&loc oe dLaToLXLoud
m44=k44/omega £"2;
Sypoup Lk udpoduvapLlky omdboleon
d44=2.1951%10"8;
STAATOC TNC PETAROANC TOU YPOAURLKOU CUVTIEAEOTY AMIOKATAOTAONC
kft=7.3224*10"8;
$uéon ouxvortnto ouvdvInong
if t<=300
omega e=0.645;
elseif t<=600
omega_e=0.645+0.0224%0.005* (£-300) ;
else
omega e=0.680;
end
SEAON TOV AAAYOV OTNV IOPAPETPO YPOUUHPLKAG GIOKATACTNONG dLATOLX LOPoU
af=0.2295;
SKURBLKOC OUVTIEAEOTNC TNC POMNG OIIOKATACTAONCG .
kf3=2.2741*10"9;

STOUPHPETPOL TOU XPENOLUOMOUVINL OTOV IOPATNENTn

k=1;
lamda=100;
beta=50;

$specifies which of the values of each coefficient above to be used,
$depending on the angle of attack that they were calculated for
% global index angle;

% Mopapetpomolinon Tou poviéAou via eniiuvon pe Bondnuoatoa ODE

dy = zeros(5,1);

dy (1) = y(2);

dy(2) = (—d44*y(2)—((k44+kft*cos(omega_e*t+af))*y(l))—kf3*y(l)A3)/m44;

dy (3)=k*(y (1) -y (3))+tlamda*k*y (4) tbeta*y (5); % v(3) eilvol n extiunon tnc y(1l)
(

dy(4) = y(1)-y(3); % v(4) €mLOTPEPel TO OAOKANPWUO TOU AcxBouc

dy(5) = min(l,max(-1,400*(y(1)-y(3)))); % y(5) emiotpepel TO OAOKANPOUX TOU
IIPOONUOU TOU Axbouc

dy (6)=k* (y(2) -y (6))+tlamda*k*y (7) tbeta*y (8) ;

dy (7)=y(2) -y (6) ;

dy (8)=min (1, max (-1,400* (y(2)-y(6))));

¢ Kwdikag yla tov mapatnpntr:

SAVOYVOPLON TV HOVIEADV MUXQOAUETPLKOU dLlaTtolXLlopoU mAolwv

[

$0€ KUPOT LOPOUQ xpnotLpomoLldviag tn pébodo tou nopatnenty RISE

o\©

$YAomolnon tng ditapoplxknc e€flowong pe tn Ponbelo 1ng
SBLPALOBAKNC ODE tng MATLAB yla ovayv@pLOn OIIO TOV
smapatnenty RISE

$Xprotoc Achav (dng

%$2002030134
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o)

% clear all;
close all;

oe
oe
oe
oe

ApXLlkKéC TLlpéc phi xat phi!

Y0=10;
Y0 1st=0;

$%%SN0Ton TNC OLOQOPLKAC XENOLPOHmOoLOVING 1o PBondnua odelbs

[T,Y] = odelS5s(@diaforiki mas obs, [0 1000], [YO*pi/180 YO 1st*pi/180 O 0 O

0 01);

oe
oe
oe
oe

MeTaTPON PETARANTOV armo akTivia og polpeg

1)=Y(:,1)*(180/pi);
1,2)=Y(:,2)*(180/pi);
Y(:,3)=Y(:,3)*(180/pi);
4) =Y ( ( );
6)=Y( ( )

:,4)*(180/pi
:,6)*(180/pi

’

oP
oe
oe
oe

TpapLkég TapaocTtdoe LQ

$Tovia dlatolyxlopod ouvapthoel Tou xXpdvou
figure();

plot(T,Y(:,1));

xlabel ('Time") ;

ylabel ("Phi');

title('Roll angle as a function of time');

%Phase Plane
figure();

plot (Y (:,1),Y(:,2));
xlabel ("Phi'");

ylabel ('Phi ~(~17)");
title ('Phase Plane');

$Extiunon Hopatnenty RISE

figure();

plot(T,Y(:,1),T,Y(:,3), 'red-.");

xlabel ('t");

ylabel ('RISE estimation');

title('observer estimation as a function of time compared with true value');

SMapdywyog ExTiunong Hoapatnentih) RISE

figure();

plot(T,Y(:,2),T,Y(:,6), 'red=-.");

xlabel ('t");

ylabel ('RISE estimation derivative compared with true value');
title ('observer derivative as a fuction of time');

$N&Boc exTlunonc

figure();

plot(T,Y(:,4));

xlabel ('t");

ylabel ('RISE error');

title('error as a function of time');
pause () ;

close all;
clc;
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5.3 Avayvopilon napapeTtplkou S1aToIX1GPHoU ano
napatnpntn RISE

O mivakag 3.1 pag divel 11§ anapaitnteg THEG ITOU XP1OTHOIT01I0UVIAl yid TV
vloroinon tou @aivopévou Tou mapaperpikou datoxiopou. Ot 1d1eg tipeg Oa
XprnjowporioBouv Kat ya IV aAvayveoplon ToU IAPAHPEIPIKOU OH1aTtoX1opoU.
AxoAouboUv ta arnoteAéopata 10U MePApatog:

ApPX1KA TIPOCOHOIOVOUHE TO (PAIVOHEVO HE OUXVOTNTA ouvavinong w, = 0,645.
@®aiveratr aro v ewkova (S5.1) Mg n eKtipnon Tou mapatnpntn pag (Prie
xXpopa) eivat oxedov 1d1a pe ) Avon g Sragopikng £§iowong (KOKKIVO Xpwia).
To 1610 ocupPaivel katr pe v MAPAYRYO NG EKTIPNONG ONM®G @aiveratr otnv
ewova 5.2. H ewodva 5.3 pag deixvetl 1o péyebog tou AabBoug extipnong to ortoio
Kupaivetat oto 2*10-4 1o oroio mMoootikd £ivatl oAU PKPO KAl pag EIMITPEEL va
Bewpoupe 11§ ekt oelg Tou napatnpnt) RISE aogpaleig.

observer estimation as a function of time compared with true value
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Ewova 5.1 Extipnon Hapawmpnt) RISE cuykpivopevn pe tv PAypatike L
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RISE estimation derivative compared with true value

10

observer derivative as a fuction of time
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Ewoéva 5.2 Extipnon napayayou napatnpnt) RISE cuykpivopevn pe v MPAaypatiki)

RISE error
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Ewova 5.3 Twar) opdApartog exktipnong tou rapatnpnt) RISE
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AKOAOUO®G TMPOCOPOI®VOUHE TO @AIVOUEVO HE OUXVOU|TA OUVAVINONG W, =
0,680. ITdaAt, onwg @aivetatr oty eKoOva 5.4 1 eKTiPNON TOU MAPATNPENT] HAg
(pmAe xpopa) eival oxedov 1d1a pe m Avon g drapopikrg e§iomwong (KOKKIVO
xpopa). To 1610 ocupPaiver avd kat pe v Mapdywyo g EKUPNONG OM®G
paivetat omyv ewkova 5.5. H ewova 5.6 pag deixvel to peyebog tou AdBoug
extipnong to oroio Kupaivetat oto 2*10-4 kat autr) ) @opd, KATL To ortoio pag
Beixvel OTL UMTAPXEL CUVETTELD ATTO TOV ITAPATIPITL] HAG.

observer estimation as a function of time compared with true value
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Ewova 5.4 Extipnon napatwpnt) RISE cuykpwvopevn pe tv mpaypatik) Ty
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15

observer derivative as a fuction of time
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RISE estimation derivative compared with true value
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Ewova 5.5 Extipnon napaywyou napatnpntt] RISE ouykpivopevn pe v mpaypankr)
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Ewova 5.6 Twyar) opdApartog exktipnong tou napatnpnt) RISE
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Emutdéov €yive pa mpooopoiwon yia va SoKIPAooUPE Tr OUVEIEld TOU
napatnPentn oe H1a@opeTikeg ouvlrnkeg otnyv id1a mpooopoinon. Autn ) @opd
Xprjoponowmjoape Ipelg S1a@OPETKEG TIHEG yld T OUXVOTNTA OUVAVINOIG.
Apxika w, = 0,645, ot ouvéxela 1 tpn petafaddotav pe to Xpovo Kat tEAog
w, = 0,680. Av kat 1 e§lowon Mathieu dev eival kataAAndn ya v mepypa@n)
kivnong T1doiou pe petaPardopevn  TAXUTOTA  €VIOUTOlS KAvApe TNV
IPOOOPOIMOoN yla va Tapdtnerjooupe KAtd ITOCO O Iapatneni)g pag Ba
HITopoUoe va eKTIUNOEL TS TIHEG autég. Onwg @aivetal otig ewkoveg 5.7,5.8 1
ektipnon (prmle Xpopa) eivat oxedov Tautdonpn HE TS TMPAYHATIKESG TIHES
(kokrwvo xpwpa). To AdBog extipnong pag mdAt nrav g tang tou 2*10-+4
(ewova 5.9).

observer estimation as a function of time compared with true value
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Ewova 5.7 Extipnon napawmpnt) RISE ocuykpwvopevn pe tv paypatiky Tyr
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RISE estimation derivative compared with true value
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Ewova 5.8 Extipnon napaywyou napatnpntt] RISE ouykpivopevn pe v mpaypatkr)

RISE error
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Ewova 5.9 Twyar) opdApartog exktipnong tou napatnpnt) RISE
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Zin ovuvéxela mapatiBeviat 6Uo evbelkuikda rapadeiypata anod tg rpofAgyelg
TOU TapamnEnt) pag, ota oroia 1o Adbog rtav apkKeta peyddo yia va
BewpnOouv o1 poAeyelg aopaAeig:

error as a function of time
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Ewova 5.10 MeydaAn tun o@dApatog ektipnong tou napatnpnt] RISE peyaAutepo g
taéng tou 0,08. Kakr) ipoPfAsyn.

error as a function of time
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Ewova 5.11 Twr) opdApatog extipnong tou napatnpnt) RISE peyaAutepo g tagng
tou 0,01. ITpoPAeywn kKaAUtepn aArod TV IIPONYOUHEVE], AAAA TTAAL KAKT)
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KE®PAAAIO 6

Zuurnepaopata Kat peAAoviikt 6oulela
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Kep@alawo 6

6.1 Tuunepacpata

H ouykekpyevn epyacia arooxkorei oty mapouociaon tng Xprjong Tou
napawmpent) RISE, ywa v avayvopion 10U @aivopévou ToU IAPAHPETPIKOU
dlatoxiopou oe @optnyd mloia. Me 1 Xprjon 10U Kadika 1mou dnuioupynOnke
KAtd TNV E€Knovnon g epyaociag, kabiotatat duvatr) n Impooopoiworn Tou
Pawvopévou ®ote va dnuioupynBel o mapatnpniig ya v avayvoplon tou. O
napatpenus RISE axkodouBei tn kivnon tou @optrnyou r1doiou katd 1n
01dpKela TOU QAVOPEVOU TOU TTAPAPETPIKOU H1ATOIXIOPOU KAl TNV AMEIKOVILEL
oe ¢va Oavuopa. I'a 1 dnpoupyia tou napatnpnty) anatteital n XpPron twv
Tpov IS @ (yovia diatowxiopoul) Katl ¢ (mapdywyos yoviag diatoxiopou) arnod
) T1pooopoimon Ttou  @atvopévou. H  Xprjon TOU MPOIOU  poVIEAOU
npooopoi®wong ywa 1 dnuoupyia ToU mapatnpnt eywve tuxaia kat dev
ernpeadel kaBoAou 1 dour) KAl ) CUPIIEPIPOPA TOU TTAPATIPITL).

Enopeveg, oupriepaiveral o0tt 1 avayvopiorn Tou gAaivopEvou ToU ITApAPETPIKOU
dlatoxiopou pe 1 xprjon tou napatnpnt) RISE, eivatr epiktr, 1dwaitepa
€UKOAI Kdal UAOTIO) o1 He tr) Xprjon Kodika MATLAB.
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6.2 MeAAovtikn Souleila

To enopevo otadilo g rapovoag HumMAmpaAtikeg epyaciag Oa priopovoe va rjtav
1 TIPOCONOIWOT] TOU PATVOHEVOU TOU TIAPAHETIPIKOU S1ATOIXIOP0U HPE TO POVIEAD
£81 BaBpov edeuBepiag rou meprypdagetatl amno tg e§lonoelg 2.8 kat 2.9. Auto 6a
pag €6ve peyadutepn akpifela kat aAnBogdavela. EnmutAéov Oa priopovoape va
elodyoupe oe eva «Patchy» veupoviko diktuo g ekuprjoelg rmou Ba kdavel o
napatnpenig pag, to oroio Ba exknatdeuodtav pe TETo10 TPOIT0 MOTE VA SEKIVOUOE
Tig KataAAnAeg Sadikaoieg yia €leyxo tou Sratowxiopou. Auto Oa rtav éva
MOAU KaAO ouotnua arto@Quyr|g Tou MAPAPEIPIKOU H1atoxXiopou Kat rmbavev
BaAdo01®V KATAOTPOP®V OTIHRG AUTEG TTOU IEPTYPAPNKAV OTO IIPAOTO KEPAAALO.
‘Eva 11010 ovotnpa Ba priopovoe va sykatactadei oe 0Aa ta €i6n mloiewv Kat oe
ouvduaopo pe AAAEG HOP@PEG AMPEOOU 1] €PUHPECOU €AeyXOU va aroteAéoel €va
state of the art ovUompa nDPOANYng Kat €AeyXou TOU TAPAPETIPIKOU
dlatowxiopou.
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IMapaptnpa 1 — Eupetnplo 'Opwv

Avanalon kaleital n taAdvieon KAtd tov Katakopugo afova tou rmAoiou, to
KOw®g Aeyopevo aveoxkateéfaopa

T'aotpa ovopaletal 1o UroBaAAAcolo TUHPA TOU OKAPOUG. ZUvrBmg Otov 0po
auto mepldapfdaveral to oUVOAO TOU OKAPOU, €KIOG KATAOTPOUATOS KAl
eSomAtopou.

Alatoxiopog (rolling), Kowvag «uoTé €ival 1 TaAAVI®OT ToU MA0IOU KATd ToV
eyrapotlo aova dnAadn ot kAioeig 6e§1a kal apilotepd 1ou rnaipvet 1o rioio «e§
untapopng (= Owadoxika), eite «ev mAe» (0tav Kiveltai), eite «ev Oppw»
(aykupofoAnpévo).

‘Eppa (ballast), kowvwg «oafoupar, Xapaktnpifetat 10 oUVoAo TV Papmv Iou
TortofeToUvtal ota mAoia rPoKePEVOU va ausnBel n euotabesia toug.

Ioaldog 1) icadog ypappr) 1 ypappn odlou (water line), sivatl vaunnyikog kat
TEXVIKOG 0p0G. Av Kal Agyetat ypappr), OV Opaypatikomta opifetat ©g
ertinedo and v opifoviia topr) g ermpavelag g 6ddacoag pe to mmAoio oto
onpeio mMou autod 100PPOTIEL KAl ETTTALEL.

Maora cival 10 KOPPATl T®V MAEUPHOV TOU TMAoIoOU arnd v rmloprn PéXptl v
péon tou, aptlotepd kat 6e€ia. H kdBe pdoka dnAadn eivatr Bewpnukd to €va
TETAPTO TG IMAEUPIKIG EMPAVELAG TOU ITAoioU.

Mrniouvatoa 1) ProvAatod, MPoEPXOHEVOS €K TOU EVETIKOU bonazza (KaAooUvn
Kalpou), Xapaktnpifetat otnv eAANViKr) vautiky) yAoooa 1 katdaotaon Baddoong
otav n ermeaveld g sival tedseing aputibwtn and kKupata.

'Optoa ota RUpata civar n poéta evdg mloiou Otav autd TMAEEL KOVIpA otd
KUpAta KAl autd €Xouv Iopeia ano v mAopn mpog tnyv npupve) Tou

IIpipa ota RUpata €ivat 1 pota &vog IMAOIOU OTAV AUTO ITALEL KOVIpA Otd
KUpata Kat autd €Xouv Imopeia ano v mpupvn Ipog v MAwpn tou

IIpoveuotaopog (kowwg oxkaprnaveéBaopa, pitching) kaldeitar n kata 1o
didpnkeg afova taddviwon mAoiou, oe avtiBeon pe ) Swatoixion mou yiverat
KATd 1o eyKApot1o daova Tou 1mAoiou.

ITAcpn ovopdadetal To PIPOOTA AKPAio PEPOG TOU TTA0IoOU
IIpUupvn ovouddetal 10 Mo akpaio PEPOg tou rmAoiou
ZaAOpeTPOo OPYAVo TIOU PETPA 1 YOVia S1aToX1G0U

Tpomda 1 kapéva 1 kapiva (keel) ovopadetatl 10 KATOIEPO TUHPA TOU ITAOIOU
IoU eKTeiveTal oe 0A0 T0 PI|KOG TOU.
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IMapaptnpa 2 - Ta xUpata tng Oadacocag eivatr eyrapola
N Swapnkn?

Ta pnxavikd kupata dtaxepifovial pe Kptrplo myv kateubuvorn §iadoong toug
oe OX£€0n HPe TV TAAAVI®OON TV popiwv os dU0 Katnyopieg: eykdpowa 1
dtapnkn. Evioutolg ta Baddocola kupata dev propouv va Katnyoploroinouv
oe pla amnd ug Katnyopieg Kabwg ep@avifouv tautoxXpova XAPAKINPIOTIKA KAl
v dUo ratnyoplwv. Eival 6nAadr) tpoxiaka kupata.

Ta tpoxiakd Kupata (1) kKupata L) eival tavtdoxpova kat eyrapota Kat Siapnkn.
[MTapatnpouvtat ouvrBwg otlg HlaXWPIoTIKEG  ermpdaveleg duo pEoV  pe
dlapopetikeg ITUKVOTNTEG OTIOG 1) OAdacoa Kat o agpag.

Eve ota kuUpata oe em@aveleg Uypwv KUPLAPXOUV Td XAPAKINPLOTIKA TOV
EYKAPOIOV KUPATOV KAl PEAETOUVIAL oAV TETOld, OtV IIPAyHATIKOTta Otav eva
Kupa 61adidetal oy empdvela evog UypouU IOU ATEXEl PEYAAnN arootaon aro
Tov mubpéva, ta popla NG EM@AVEIAS TOU UypoU J1aypd@ouv pe HeEYAAn
IIPOOEYY10T] KUKAIKEG TPOXIEG.

Autd onpaiver out kabe podplo petartortietal tauvtdxXpova ot oploviia Kat
Katakopuen 81evbuvorn. Av OpI®G PEAETH|OOUNE T GUVOALKI) Kivnon TV popiev
Tavtoxpova pe v kateubuvon 61adoong 1tou KUPATOG OM®S @aiverat oto
MTAPAKAT OXNa:
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BAéroupe 6Tl ta popla a kat b, kabwg kat ta ¢ kat d mAnowdafouv Kat
dnuoupyouv nukvopata. Ta popla b kat ¢ armopakpuvovial Kat dnpioupyouv
apatopata. H &evbuvon dnpioupyiag tov MUKVOPATI®V KAl TOV APAOPATOV
ouprtirttet pe ) H6wevBuvon 61adoong tou KuUpatog, O6nAadr unapxouv
XAPAKINPIOTIKA TV O1aUNKeOV Kupdiov. Ta Xapakinplotika autd evieivoviatl
P& arpaieg Kap1keg ouvOnKeg Katl mpokalouv dapnkelg OdAaocoeg.
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IMapaptnpa 3 — Kupleg draotaoceig mioiou

OAwkO 1 peyloto pnkog (length overall Loa) Eivatl n anootaon petadu tou
aKpOTATOU Onpeiou NG MP®PAS KAl TOU aKpOTAToU Onpueiou Ing mpupvng
E0MTEPIKA TOU TeP1PANaTog, peTtpoupevn) rapaAAnia nipog ) BL (Zx. A).

Mnkog petal xraOeétwv (length between perpendiculars)
arnootaocn petadu g npupvaiag Kat mg npopaiag kabgtou (Ex. A).

Eivat n

Mrnkog £ép@optng wodlou (load waterline length Lyw.) Eivai n amootaon
petadu g npwpaiag Kat mg akpaiag mpupvaiag kabgtou (Ex. A).

Principal ship dimensions

Sheer aft Sheer forward
- |
Freeboard
Summer load line
Amid ships (
Length b 1 perpendiculars (L.B.P)
Length on ine (LW.L)
Length overall (L.O.A
Aft = L Ford
perpendicular perpendicular

Mé¢on topr (amidships section) Eival n eykapola topr), oto péoo 10U PrjKoug
petadu kabetwv, n ornoia propet va eivat kat n peyotn (2x. B).

OAwk0 mAatog (breadth overall Boa) Eival n anootaon petadt tov akpotatmv

onpeiwv g 6eflag  kar g  aplotepng MMAEUPAg  TOU
oupneplAapavopévev Tov rpoefoxmv (2x. B).
H TOP OF MAIN DECK BEAM —= = TUMBLE HOME AT MAIN DECK
MAIM DECK AT SIDE
M
CAMBER \ TUBLE HOME AT M
L DECK
TOP OF SECOND DECK BEAM \
|| SECOND DECK AT SIDE 'y |
DWL W MOI.IDED
e SRS e o N e e TR e DEPTH
TO
MAIN DK,
AT
CENTERLINE MOLDED
HIF DEPTH
TO |
SECOND DK

1/2 MOULDE BEAM ——————— =
] MOLDED

DRAFT
| AT

AT

HALF - SIDE DIMENSION OF

/"~ FLAT PORTION AT KEEL D / |
sl o /
- G 1 |
- ‘_'___._.—/
—_— T e DEADRISE }
K| A B | MOLDED BASE LINE

ONE - HALF OF BREADTH, MOLDED

Midsip section. molded form

OKA@POUG,
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ITAatog avagopag (molded beam By or breadth B)
Eivat n péyotn anootaon petail TV CUPPEIPIKOV ONUeEi®vV ToUu vopéa
€0MTEPIKA TOU mep1PBAnpatog (2x. B).

Koido 1 mAeupiko Uwpog avagopag (molded depth, D) Eivat n arootaon
aro 1o Paciko ertinedo ava@opdg PEXPL T0 1XVog TG EIMPAVELAG AvaA@OoPAg TOU
avotatou udatooteyoug OUVEXOUG KATACIPOUATOS TAVE OtV ITAEUpPd TOU
rdoiou. H anootaon autr) perpiEtal ouvrBwg otn péon topr) (Ex. B).

BuOiopa avagopag (molded draught d) Eivair n amootaon petadu tou
BaowkoU ermumedou ava@opdg PEXPL TV epgoptn icalo B¢poug petpoupevn oe
pETpa 1 odwa (Zx. B).

BaOog rutoug (depth of hold) Eivai n arootaon amo to Baociko erirnedo
ava@opdag PEXPL T0 AVOTATO ONHEI0 TNG EMPAVEIAS AVAPOPAS TNG KAUITUANG
TOU KATaoTpWwHATog.
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