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HEPIAHYH

Otav n tgyvoloyio cuvdvince v T€LVN, €vo omd TO OMOTEAECUOTO TNG MTOV 1)
onuovpyio po TepdoTiog HOLGIKNG Bropmyaviag paydaio avartuecduevns. Me to mépacpa
TNV YNOWKN €TOYN Kot TNV TEPAOTIO €EEMEN GTOVS MKPOETEEEPYAOTES, TOAAOL KOAMTEYVEG
oTpAPNKAV OTNV MAEKTPOVIKY Hovoikn. Otav o Myog cvvdtdletor pe Kivovpevn wova
ONUIOVPYOLV Vo VED TTEDIO EKQPAOTG, ONovPYiag Kol ETKOvoVviag, TV OTTIKOOKOLGTIKN
Téxvn. OAOKANPN M HOLGIKN TEXVOAOYIOL KOl TO OMTIKOOKOLOTIKG WHEGOH Apyloav Vo
eEeMocovtal e yopyoug puBols TpoceEPOVTOS GTOVG LLOVGIKOVG KOl OTIG avalnTiOELS TG
oLYYPOVNG KOAMTEYVIKNG OKNVNAG UEYOADTEPO €VPOG dMpovpykdTTag Kot emesepyaciag,

neplocdTepn eveMéia, Aveon Kot acQAAELl.

To Tunua Teyvav Hyov kot Ewovag éxel dmGEL T duVATOTNTA GTOVG CTOVIUGTEG TOV VL
OKEPTOVTOL TOPAAANAC TPOKTIKA KOl ONUIOVPYIKE, UECH TOV YVAOGEMV KOl TOV TOAADV
epediopdTomv mov tovg mapéyel. O cVVIVAGUOS OAMV AVTOV TOV £pedicudtov Kol KivTpwV
Ao TOVG SLPOPETIKOVS KAAOOVS, OTMG TOV S0dPAUCTIKAOV EYKATAGTACE®MY, TN TEXVNG TOV
NYOL Kot OPOP®Y GAA®V 00MyNoE TNV ONpIovpyic TG LS AVTAG TNG OUTAMUATIKNG

epyaciog mov TPoTEIVETUL GE QT TO EYYPOUPO.

21NV Topovoa TTUYLOKY €PYACIa TOPOVCLACETOL 1] KOTAGKEVT EVOG POTOELOIGONTOV
NAEKTPOVIKOD HOVGIKOL opydvov pe déopeg Laser. Ot déopeg dnpovpyovvrol and pio mnyn
Laser péom Pnuatikov potép. O aplBudg tov Oecpdv, m ToxOTNTO OmOKPIoNG Kol 1
evocnoio twv eoToovTiIcTdcemVv Kafopiloviot kot EAEYYOVTAL A TOV 0VOLYTO KOJKA EVOG
pkpogreykt) (Arduino), 6mov pe v toyvtatn eEEMEn tovg amotelel €va mavioyvpo
epyoreio ywoo amAéC kot TOAOTAOKES WHOLGCIKEG epoppoyés. Tlpdkettar yio por avoyt
mhateopuo.  (duataln) HOLoIKNG  Onuovpyiog HECE®  OMTIKO-NAEKTPOVIKAOV  OETOPDV
(aoOnmpov). Expetaliedetal tnv KivnoloAoyia Tov avOpmmov 6mov péow twv decpmv laser
KOL TOV HUKPOEAEYKTT, ONpovpyel N avamopdyel TANOGOPA LOVCIKOV apOpOGEDV Gov £VOG
TPOyUaTIKOS yevikog eleyktng MIDI. Emiong, odlvetor m elevbepia otov dmuovpyd va
emeyet 6molo povokd opyavo embopel. EmumAéov o1 apOpbdoelg pmopodv va meptiapfdvovv
nyotomia, OMAdN GVVOLO NYWOV TTOV TAPAYOVIOL GE £VA OIKOCLGTNO, £iTE avOpOTOYEVDV
(Lovoikn, avOpPAOTIVY] CLUTEPLPOPA, MNYOL TOL TOPAYOVTIOL Omd TO HECH LETOAPOPAC, TIC
Blounyavieg, K.0.) gite ELOKOV (0TS NYOL {OOV, KUPIKOV KOl YEOAOYIKOV QOIVOUEV®V,
k.a.). To obomuo pog £€xel 10 TAEOVEKTNUO EMEKTAONG HE emmALov  aloOnTpeg

TPOGPEPOVTAG TOAD LEYAADTEPT OLOPACTIKOTNTOL.

Kotony moA®dV TEPOUOTICUDV, EVOALAYOV Kol OOKU®OV TOGO GTOV MAEKTPOVIKO
001060 OGO Kol 6TOV KOJKA TOV Arduino o TeMKO OMOTEAEGLO )TOV TTOAD IKALVOTOTIKO
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pe vyniég amoxpiceic. H gukoAia pe tmv omoia dnpiovpyeitot Kot avomapdyeTal 1 LOVGIKT,
péom g owtaén pag, 6o PmTopovsE Vo TNV KOTOGTHOEL MG £Va EPYOAELD EKPABNONG Kot
yoyoyoyiog yio avBpomovg kabe nAkiag (Kupimg modid) Tov dev amuTel LOVGIKY YVAOO,
kaBmg Kol iow¢ ¢ éva epyareio povotkobepaneiog Adym Tov OTL GLVOLALEL SLUPOPETIKEG
HOPQEG EKPpaoTG OTmg ivat 1 Kivon, 0 A0Yog Kot 1 LOLGIKN ) MYNTIKN onuovpyia, LEGH

TOV LLOVGIKOV OTOCYEOIAGLLOV

O titAog TG SUTAMUATIKNAG EPYOCIOG TOV TPOTEIVETE Elvar : “AvotyTh OTTIKO-NAEKTPOVIKY|

TAATOOP O ONUIOVPYIOG KO AVATOPOY®YNG MOV LECH YEPOVOULDV .

Ta medla €pevvoc mov B kvnbel avty N SWMAGUOTIKY epyacio elval Ot O100PaCTIKEG

EYKOTAGTAGELS KO 1) TEXVT TOL NYOV.



Abstract

When technology and art coalesced, one of its results was the creation of a huge
rapidly growing music industry. With the passage to the digital age and the huge evolution of
microprocessors, many artists turned to electronic music. When sound is combined with
animation, they create a new field of expression, creation and communication, audiovisual
art. Music technology and audiovisual media began to evolve rapidly, offering musicians a

greater range of creativity and processing, more flexibility, comfort and security.

The department of audio and visual arts has enabled its students to think practically
and creatively, through the knowledge and the many stimuli it provides them. The
combination of all these stimuli and motivations from the different disciplines, such as
interactive installations, sound art and various others led to the creation of the idea of this

thesis proposed in this paper.

In this thesis, the construction of a photosensitive electronic musical instrument with
laser beams, is presented. The beams are created from a laser source via a stepper motor. The
number of beams, the speed of response and the sensitivity of photoresistors are determined
and controlled by an open source microcontroller (Arduino), which with its rapid evolution is
a powerful tool for simple and complex musical applications. It is an open platform (layout)
of music creation through optical-electronic interfaces (sensors). It takes advantage of human
kinesiology where through laser beams and the microcontroller, it creates or reproduces a
plethora of musical articulations like a real general MIDI controller. Also, the creator may
choose any musical instrument. In addition, articulations can include soundscapes, i.e. sounds
produced in an ecosystem, either anthropogenic (music, human behavior, sounds produced by
means of transport, industries etc.) or natural (such as sounds of animals, weather and
geological phenomena etc.). Our system has the option to be expanded with additional

sensors offering much greater interactivity.

After much experimentation, alternation and testing in both electronic design and the
code of the Arduino the final result was very satisfactory with high responses. The ease with
which music is created and reproduced, through our layout, could make it a learning and
entertaining tool for people of all ages (especially children) that does not require musical
knowledge, as well as perhaps a music therapy tool due to the fact that it combines different
forms of expression such as movement, speech and music or sound creation, through musical

improvisation.



The suggested title for this dissertation is: “Open visual-electronic platform for

creating and reproducing sounds through gestures”.

The fields of research that this thesis will analyze are interactive installations and the

art of sound.
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1.1 Movowkd opyavo

Toa povowd dpyava S1BETOVY YOPpaKTNPIOTIKG TOL €ivor Kowvd peta&d tovg. ‘Evag M
OTAVIOTEPO TEPICCOTEPOL TOUKTEG, OAANAOEMIOPAE UE HEPOG TOL VAIKOV TOL OPYAVOL, TN
JEMAPN TOL, UE TPOTO MGTE VO TaPAyeTOL O £mBLUNTOS NYX0G. O UNYAVIGUOG TOPUY®YNG KO
evioyuong Tov NYOL APOPOVV GTNV TEYVOAOYIDL TOL HOLGIKOD opydvov. Xvvnowg,
mePAOUPAvouy o MYNTIKN YN TOL TOPAYEL TO MYNTIKO oNuUo Ko €va Myeio mov to
evioyvet. H teyvikn kol ot emAoyég 61 ¥p1on ToL 0pyavoL aPOPOVY GTNV TKAVOTNTO KOl
oV EKPPOCTIKOTNTO TOL opyovomaiktn. H petald tovg enucowvovia kabopiletar and v
VAIKY] SIETOPY] TOL LLOVGIKOV OPYAVOL LE TOV OPYOVOTOIKTY. VIO TapadelyLaTo SIETOPOV

gtvat n xopd1, TO TANKTPO KO TO ETIGTOULOL.

Otav n tegyvoloyio cuvdvinoe v T€LVN, €vo omd TO OMOTEAECUOTO TNG MTOV 1
onuovpyia pa tepdotiog Hovotkng Propmyoaviag paydaio avamtvocduevns. Agov T
VILAPYOVTIO HOVGIKE péca eiyav TAEOV €EOVTANGEL TIG dUVATOTNTEG TOVS, KALVOUPLOL OPYOveL
énpeme va Onmuovpynfodv yio vV ovAamTuén [og vENG EKQPOCTIKNG YADGCOG 7oL Oa
TPOGEPEPE VEEC LOPPOTOIMNTIKEG KOL MNYOYPOUOTIKES dvvaTtdtntes. Me T0o TéPAGUA GTNV
YnNEoKN €moyn Kot TNV Tepdotion €EEMEN OTOVG WIKPOEMEEEPYNOTEG, TOAAOT KOAMTEYVES
oTPAPNKAV OTNV MAEKTPOVIKN] HoLoIKN. OAOKANPM m HOVLOIKN TEYVOAOYiR dpyloe v
efeMooetal pe yopyoug pubUovG TPOGEPEPOVTAG GTOVS HOVGIKOLS UEYOAVTEPO €VLPOG

INUovpyKdTNTOG Ko ETEEEPYATING, TEPIOGOTEPT evEMELD, BVEST KOl ACPAAELL.

1.2 HiekTpovika povoikd opyava

"Eva povoikd dpyavo yopaktnpiletot nAeKTpoviKO, 0TV LEGH GTN SL0dIKAGTIO TPy WYNG
NYOV EUTAEKETOL KATOLO NAEKTPOVIKO KUKAMUO Kot/ 1] KATOW Yynelokr cuokevt). To mymtikd
oMU TTOV TOPAYETAL Al pio TETOW O1ATaln, AYETOL TNV 10000 £VOG EVIGYVTN TOV 00MYEL GE
éva nyeto. Ta nAekTpovikd povoikd Opyova givarl €va VTOGHVOAO TV HOVGIKMOV OpYavmYV,
SLBETOVV MG €K TOVTOV TA YOPOKTNPLOTIKA OV €ivat KOwd pHeta&h avtdv Kot avoaeépinkay
ouvonTikd mopondve. Kabéva opmg amd avtd Sopépel oe oxéon He TA TOPASOGLOKE

Hovoikd dpyava w¢ mpog v vioroinon (Ewova 2.1).



Ewova 1.1 Aiagpopa 5ieKTpovikd, poveikd opyava

1.3 O avaroykég ovvOetnTic (Analogue Synthesizer)

H mepiodoc 1950-1980 eivor yio TV nAEKTPOVIKY] HLOLGIKN 1 TTEPI0O0G TOV AVOAOYLKOD
ocvvBetnt). O cuvBetng (synthesizer 1| syth) eivar pua yevvipia Myov, HEC® HETATPOTNG
NAEKTPIKOV ONUATOV € NTIKA onpato. O avaroyikog cuvietnc tepthapPdvetl avaloyucd
KUKADOUOTO TOV TOPAYOVV OVOAOYIKE MAEKTPIKA GNUHOT, TO Oomoio. HECH amld KOTOAANAES
dwtdéelg petatpémovion e MymrTika. ‘Eyovv tn dvvardtmro vo mopdyovv OmolodnmoTE
NYOYPOLO, HUOVUEVE, QUCIKE OpPYOVO, TPOGOUOUDVOVIONS OTOLOVONTOTE (QULGIKO MNYXO 1

TOPAYOVTOG EVIEAMS VEOLG NYOVE.

H 1otopia Tov avaroywkov cuvvBetnm) Eekivd tn dekoetio tov 1920 pe dpyava mov
mpoavaeEpnkay kol dtapopa dAAa dmwg to Tratonium. Trn dexaetio Tov 1950 ko 1960
Kuplapyel to ModularSynthesizer to omoio oamoteheiton amd Egxywprotd pépn hardware
(modules) xaBéva ex TV omoiwv gival vIELOBVVO Yo TOV EAEYYO LLOG TOPAUETPOV TOV NYOV,
Y. ™G ovyvottag. Ta Eeywpiotd pépn ocvvoéoviav petald TOVG HE EOIKA KOAMOLL
(patchcords) mpokepévov va coppetéyovy otn pon s ovvleong (Ewodva 2.2). Xta péca g
dekaetiag Tov 1960 kot ) dekaetia Tov 1970 mpayuatonoleital GTpoPn 6TV VAOTOINGT TWV
avaAoyikdv ocvvlemntov. H olhayn éykertal 610 oYedoopd TOuG amd OAOKANPOUEVA
KukAopota (integratedcircuits) kot teAectikong evioyvtés (operationalamplifiers 11 Op-amp)
KOl TN ¥PNoN POOCTUTOV,TOTEVGIOUEVTPWYV, Kol @idtpwv (lowpass/high — passfilter) yio tov
ELEYYO TOV JPOPOV NYNTIK®OV TopapéTpwv. ETol n ypnon tov patchcords, mov ntav akpia
Kot evoaiocOnta, eykatoieinetor. H véo avty viomoinon ovopdleton integratedSynthesizer

(ohokAnpmpéVog cuvheTNTNC).

10



Ewcéva 1.2:ModularSynthesizer
A&iler va onuewBel 6Tt or cuvBenTég apywd, Mrav povopwvikd opyovo. EAdyioteg
VAOTOMGELS Umopovcav Vo, Topdyovv opwvieg, émwg m.y. to MoodSonicSix. T va
emtevyfel moAvpwvia £npene va cuVILOCTEL TO KOKA®O TOV GLVOETNTA LE TOL KUKADLOTOL
evog opyavov, 6mwg Yo mapdadetypa oto MoodPolymoog. To 1977 epgaviletor o mpdTog
ovvBetnTC oL £lye oV "KapPAL" TOL PIKPOEAEYKTN Kot TapdAinAa cuvdvale pikpd Babog
oe mpoottn T (Ewova 2.3). 'Hrov 1o SequentialCircuitsProphet-5 mov é0woe dOnom mpog

po véa Yevid cuvOETNTOV.

Fobe it Moog

Ewova 1.3: O Pourept ApBovp Movyk (RobertArthurMoog) kou to Moogsynthesizer

1.4 O Ynowkoc ovvletnTic (DigitalSynthesizer)

Tn dexoetion Tov 1980 Kdvel v guEdvicr] tov 0 YynEwkos cuvBemntg. O ymoelakdg
ovovBetnt)g  mopdyst  Myo pécm g ymowkng - emeepyaciog  ONUOTOG
(DigitalSignalProccessing). Edd to avoloyikd niektpovikd kukAoupato divovv tn 0éon toug
o€ €vav WIKPOEAEYKT 0 omoiog pumopel va "tpéyel" odyopiBpovs. Aniaodn oto poéAo TOL
ouvletn) VIhPYEL Evag NAEKTPOVIKOG LTOAOYIGTHG. O ymelakdg cuvOeTnTS apyIKa NTOV

KavOG va emitvyel cuvleon cuyvotikng dtapopewong (FMFrequencyModulation), pio popon
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NYOYPOLOTIKNG cVVOeoNC aoTaBoVg e Tov avaroykd cvvBetnt). EmmAéov, rav wavdg kot
v Additivesynthesis, ev®d kaBmdg ot ToyOLTNTEG TOV MKPOEAEYKTOV ovEAvovTay (Kot
avédvovtar) €ytve duvaty m yxpnon GAhov tomwv, Onwg PhysicalModelling kot

WavetableSynthesis.

O ynouokdg ouvhetnNg EREaVIoTNKE oTAdLOKE e avEovsa ToldtnTa Kot POivov KOGTOG.
‘Etor otadwaxkd vmepioyvoe tov avoroywkov. Ilap' Ola ovtd m mpotiumon mwoAL®V
KOAMTEYVOV GTOV aVOAOYIKO Y0 001 ynce Kot odnyel ot dnpuovpyio ynelokmv cuveeTTOV

oL poceyyilovv Tov avaroyko Nyo (Ewova 2.4).

Ewova 1.4:0 Digital Synthesize Yamaha Dx7

1.5 Ynoloyotikn (AhyoprOpikiy) povoixiy

[MapdAinio pe Tic mapandve eEglilelg, Non amd ) dekoetio Tov 1950 avontdcceTon N
téomn ¢ alyoplBkng Lovotkng cuvleong e mpotondpo tov lodvvn Eevakn (Ewdva 2.5).
O Eevakng &exivnoe 1O peLUO OV OVOUAGTNKE OTOYOOTIKY HOLGIKTY, OE0TOIDVTIOG
OTOYOOTIKA HoOMUOTIKG HOVTELQ, Y10 VO TTOPAEEL TIC TOPAUETPOVS HLOG LOVOIKNG GVUVOESTS.
Emyeipnoe apywkd oto yapti, oto €pyo tov Metastasis(1953-1954), Sduwc apydtepa
oTPAONKE GE XPNON NAEKTPOVIKOD VTOAOYIOTH. AVTO TO pevpa eéedicoeton péxpt onpepa. H
onpovpyia €101KOV AoYiGHIKOD OTt®MG T0 Max, oAl Kot €W0KEG YADGGEG TPOYPUULOTIGLOD
o6mwg n Csound, Paciopévn ot yAwocso mpoypoppaticpod C, ypnoipomolovviol 1060 yio

ovvBeomn 6GO Kol Y10 VTOGYESUGLO.
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Eiwxova 1.5: a) Iavvy Zevaxn, ) to yeipoypoapo tov covlétnero Metastaseis

1.6 Oy pova HOVGIKA NAEKTPOVIKA OPYa VO,

H teyvoroyikn mpdodoc, n cvveyng e€EMEN OA®MV TOV TOPATAV® OPYAV®V KOl PELUATOV,

N €0KOAN TPOGPOCN GTNV LIAPYOLGO YVAOGN KOl TEXVOAOYID amd £va O1ELPLVOUEVO PAGHA

povcik®v odnyel oto ofuepa. BéPata, m meptypaen TtV cuyypéveov TACEMV KIVOLVEDEL

coPapd vo amotOyEL, Y1 0VTO KOADTEPA OG ATOKANDEL EKTIUNON TOV GLYYPOVOV TAGE®V GTA

povoikd niektpovikd opyava (Ewova 2.7). Tapaxdto Ba emonuavBovv kamoileg Pacikég

TOPATNPNOELS 0TO Tt LUPaiver 1) telvel va cuuPel onpepa

A&lomo100vTot TEPIOCOTEPEG TAPASOGLUKEG LOPPES SIETOPT] LOVGIKOV-0PYEVOUL.
EpeaviCovrot véeg dlemapic avamapaywyns Nyov.

Ot pukpogleyKTéG YivovTor OAO Kot TO OTOS0TIKOL, LE OMOTEAEGHLO OAEG OL TAGELS TOV
avomTOYONKaY OTIG TPONYOVUEVEG OekOETieEC va emavépyovtal Oyt HOvVo Yoo vo
eNOvVocLGTNO0VV, 0ALL KUPIMG Y10 VO ETAVOTPOCIOPIGTOVV

Ol KpogAEYKTEG KOl TAL VITOAOUTO NAEKTPOVIKE HEPT YivOvTal OAO KO IO TPOCITA,
70 1010 Kot M yv®orn mTaveo o€ autd, pe amotédecua vo, ovlel n DIY (DoltYourself)
tdon, M omoia mMPooHETEL TN S1AGTACN TNG GLAAOYIKNG ONLOVPYIKOTNTAS GTNV

EMVONON NAEKTPOVIKADV OpYAVOV.

Eixova 1.6: A1dpopd. 60yypove. HovGIKd )JAEKTPOVIKG. Opyava

13



KE®AAAIO 2

2.1 LASER HARP - EIXAT'QT'H

H Laser harp eivor po MAEKTPOVIKN HOVLGIKY SlEmaPY] ¥pNoTN Kot akTtvev Aéilep.
[Tpdkertar yuo éva dpyavo mov mpoPdirel déopeg AELEP KOl O LOVOIKOG TOPAYEL MXOVG

eumodilovrog Tic 6écpeg mov Bupilovv to mai&po wag dpmoc. (Ewova 6.1)

Eiwxova 2.1:Laser harp

Avo avBpomot wyvpilovion 6Tt givar o epegvpétng g Laser harp: o Geoffrey Rose kot o
Bernard Szajner. O Geoffrey Rose éAafe mpocwpivd dimiopo evpeotteyviog omnd To
Bpetavikd ypapeio omAopdtwv evpectteyviag to 1975/6. O Bernard Szajner éxel éva
dimhopa gvupeotteyviag (owtd onuaiver 6Tt to I'pageio AmAopdtwv Evpeotteyviag tov
[Topioiov moté dev Pprkav ototyeio pog GAANG epevpéng Tov 1010V / TaPOUOl0 HEGO TPV
amd avtov). (Almhopa gvpeotteyviag: FR2502823 (Al) Date de priority: 1981-03-27). H
Laser harp £&yer ypnowomomBel ywoo 014popovg 6Kkomovs, GLUTEPIAUUPOVOUEVOV T®V

EYKOTACTAGEMV GUYYPOVNG TEYVNG Kol AAA®V EKOELATOV.
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H Laser Harp éywve dtdionun kot dtod00nke and tov ['dAL0 Hovoikd, GuVOETY, EKTEAEGTN
Kot mopaymyd Jean Michel Jarre kot amotehel yopokploTikd yvoPIopuo OA®V GYESOV TOV

cuvavAMaV Tov and 1o 1981. (Ewova 6.2)

Eiwova 2.2: O Jean Michel Jarre maiier pe laser harp o€ covaviia tov

O Bpetavikodg nhektpovikdg povoikdg Little Boots ypnoyonoinoce éva mapdpoto 6pyavo
oe cvvavlieg kabmg ot Yan Terrien ko Rune Foshaug. H Bpetavikn pumdvia niextpikng tlol

1201-Alarm dwaB€ter po Aélep dpma g KOpla mroyn s COVIaVIG EKTOUTNG TOVG,.

2.2 Eion Laser harp

Awdpopor pnyovikoi ovveyiCouv vo tpomomotovv n Laser Harp yia va aiid&ouvv
YPOUATO KOl VO, avERCOVY TNV gvauctncio katd v avamapoymyn. Y Tapyouy dlopopeTikd

povtéla kat oyédla oyxediwv Laser Harp,
% Mg mhaioclo

Yuyva omovpyeitonr yuoo vor Hotalel He o Apma e YOPOES, YPNOUOMOLEL o Gepd
QOTOOO0MV 1 QOTONVTICTACEMV HEGO OTO (Ve N KAT® TUAUO TOV TAOLGIOL Yo va
aviyvenoel T0 PmAokapiopa TV aktivav Aéilep. H mAaictopévn pro mov KoTooKELATTNKE
and tov Geoffrey Rose 10 1975/6 Ntav €va oKToy®viKO Gyfuo Pe po pnTpo pnkovg 5 X 5
axtivov Aélep. Ta Aélep umopodv va tomoBetnBodv 61OV «AaUod» 1 6NV TAVE® TAELPA TNG

Gpma., IOV AGUTEL KATO 1) 6TO GMOUA, ToL Adumel. (Ewova 6.3)

Tomkd, o Aéllep mov ¥pNGHOTOLOVVTOL Eival TOAD YoUNANG 1oxbog 5 mW kdkKiva M
npacvo. Aélep, o omoia Bempovvtal aceaAn yio dnuocia arinienidpaocn and to FDA.

Onowoconmote apBudg axtivov Aéilep pmopel va dratoybel oe avtov tov Tomo Laser Harp,
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amo Alya €va 1 600, uéypt 32 N mePlocOTEPO, OVAAOYA LE TV KOVOTNTO TOL eAeykT] MIDI
KOl TOV AOYIOUIKOL Tov ypnoiponoteitoat. Avtd 10 ool tov Laser Harp pmopel va
dnuovpynOei oe omotodmote péyebog. e avtd T0 GYES0, SNUOVPYEITOL LOVO LI0L OVOAOYIKT|
evepyomnoinon DC (on / off) and 10 omdopo ¢ 6éoung (ko 1o KOKA®UO GLVEXODS PEVIATOG
OV TAPAYETOL OO TNV oKTivo Tov QOTI(EL TOV OnTKd ocucHnTpa), €mOpKn Yoo Vo
EVEPYOTTOMGEL 0MO10dNTOTE aplBUd cLUPavT®V dtapopeTikd) dnwe kabopiletal and tov gv
AMOYy® avohoutn dedopévev / Aoylopkd. Zrov eheykty MIDI, avt) n avoroyikr Slokomy|
peopatoc DC petatpénetal 6 ynouokd onua, To 0Toi0 6T GLVEXELN YPNCUYLOTOLEITAL Y10 VOl
gvepyomomoel mOAAG mBavd ocvpPdavta 1 evépyeiec. Oplopévo  AOYIoHIKO  €pyeTorn
eComMopévo pe mANpelg enelepyaotéc apyeiov kot cuvhéteg apyelov kot pumopei emiong va

EVEPYOTTOMGEL BIVTED KO AKOUO EIKOVEG LEGH HOVAO®V TPOBOATC.

Eiwxova 2.3: Laser harp ue miaicio

* Avoryti) (0éopeg 610 AmELPO)

Av1d 10 oTVA TG Laser harp givot yevikd KOTOGKELAGUEVO XPNGILOTOIOVTAG VO LOVO
Laser, yopilovtag 1 doéoun T00 ©€ o GEPA OeoU®V  TOPOAANA0 1 dudtaln
Beviahoag.(Ewkova 6.4) H ovamoapaywyn tov mpaypoatikod Nyov yivetar cvvnbwg pe

ovvdeon g Laser harp o6& cuokevn cOvVOEo G, OELYLATOATTTN 1] VTOAOYIGTY .

Avt0g 0 oyedaoudg yopig mloicto eivon mo mepimAokog omd TO GTLA HE TAAIGLO,
o PLLOUEVOG GTO VO OVOKAG TO QG Tiow 6g pia Lovo emTodiodo. Ot Bevidila TV aKTivov
Mlep eivar omv mpoyuoTikOTNTA Mo. evioio déoun mov €xel copwbel oe €va portifo
Bevidiog. Me v avtiotoiyion Tov YpOVIGHOD NG AVAKADUEVNS 0EGUNG, TO OpYavo UTOpPEt

va kafopicel mola SEGUN UTAOKAPEL KOl AKOVYETOL 1] AVTIGTOLYT GLYVOTNTA.
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Eixova 2.4 Laser harp avoiytov tomov

< Aiypopn 1 ko £yypopn

To 2008, o Maurizio Carelli, £vag [TaAOSTPOYPOUUUATICTAS KOl NAEKTPOVIKOG UNYOVIKOC,
elye v Wéa pag dypopiog (koéxkivn / mpacwvn) Laser harp (Ewova 6.5a). Avti 11 cuokevm
dwbétel puOlopevn mAnpn okTaPo pe TPAcIVEG OEGES Y100 OTOLOONTOTE SLOTOVIKT VOTOL Kol
KOKKIVEG Y10L OTTOLOONTTOTE YPOUOTIKT VOTO Yiol TANPT Ol0TOVIKY Ko YPOUOTIKY KAipoka. Me
avtdév ToV TPOMO KABE HOVOIKOG Umopel gokoAa vo maifel po Aéwlep dpma, TANPOG
TOMPOVIKT. ALTO TO pnyavnuo €ywve 1 tpodTn Qopnt) opeiopoun Aéwlep Aéillep ot
eEakorovbel va mapdyetor. Katd 1o devtepo e&aunvo tov 2010, n Carelli oyediace emiong

o TAnpeg £yypopo Laser harp eleyxtig ILDA (Ewoéva 6.58).

"4
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Eiwova 2.5: Laser harpa) oiypoun kai f) Eyypoun

% AvoyTi] HE aVayvVAOPLoT) EIKOVOS

H Laser harp pe avayvaopiong sidvog givar emiong kot xopig mhaicto, aAid ypnoipomotet
o eotoypaeikn punyovy USB vyming taydmtog cuvoedepévn 6e gopnTd LTOAOYLIOTY, OVTL
Y @®TOSI0d0 Yo VO aviyVEDGEL TO AVOKAMUEVO Q®G amd To ¥EPL Tov onmalel ) 0éoun. H
YNOLOKN EKOVO AVOAVETOL TG TO AOYIGUKO TOV VITOAOYIGTI] Y10 VO TPOGOI0PIGEL TOLL OEGUN
gtvon omacpévn kat vo oteidel to kKotaAAnio onpo MIDI nicw ot cvokevn cvvbeong, N
omoio givar vmevBuvn y ™ duovpyioc Tov Nyov. O VEOAOYIGTNG EAEYYEL €miong TOV

npofolréa Aélep péow evog eleyktn Aélep ILDA USB (Ewova 6.6).

Ewova 2.6: Zvoxevn Laser harpue avayvopion ikovag
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KE®AAAIO 3

3.1 TO LASER

H AéEn Aélep eivan n eAMAnvikn ekdoym g ayyAkng AéEng Laser, 1 omoia pe v oepd
g €xel oynpatiotel amd ta apykd tov AéEewv Light Amplification by Stimulated Emission
of Radiation, Tov onpaivel: evioyuorn EOTOG HECH EEOVOYKAGUEVNG EKTOUTNG aKTVOPBOALOG.
Eivor mpogavéc, and 1o dvopa, 0Tt TPOKELTOL Yot PG, ONANST NAEKTPOUAYVNTIKO KOO, EVOD
n avantvoén ™c ocvvropoypapiag «LASER», avadeikvoel v éugoon mov JOivete otov
Wwitepo TPOTO TOPAYOYNS OVTOD TOV OMTOG, ONAON OTNV EENVOYKAGUEVT EKTOUTY|
axtivoPforiag. O 6pog «Aélep» ypnoiponoteiton TG0 yia T ddtadn, T cLOKELT dNAUON
oL TAPAYEL TIS aktiveg AéWlegp, 0600 Kol Yoo TNV 101 v aktvoPforia Aélep. Tnv omoia
mopdyelt 1 ovokevy. Ovtag MAeKTpopoyvnTikO kopa, por aktvoPforio Aéillep, €xet dvo
GUVIGTAGEG: TO NAEKTPIKO Kot TO HoyvnTikd medio, Ommg @aivetan mapactotikd oty Ewkova
3.1. To onuavtikdtepo OUMG, I6MG, OAMV TOV YOPAKTNPICTIKOV TOV aKTVOV A&ep, ival 0Tt
o€ avtifeon pe Ol tor GAAo €I0M PLOIKOL 1 TEYVIKOD POTOG OV €ivol YVOGTH, Ol OKTIVEG

Mélep etvan amotéreopo eEovaykaoUEVNG EKTTOUTNG Kot Ol cvBOpUNTNG EKTOUTNG.

Ewova 3.1: To niextpouayvntiné kvua

‘Evag amAdg opiopdg tov Aéilep, sivor Ot mpodxettor yio po dgtaén mn omoio mopdyet
nAekTpopayvnTikn axtivofoiia, n omoio Aéyeton emiong Aélep, kol 1 onoia yopaktpileton
amd OPIGUEVES OLUTEPES KOl LOVOOIKES 1O10TNTEG TTOV OEV OMAVIMVTIOL 0VTE GLUYVE, OVTE GTN
@Oon (cav amotéAecua avBOPUNTOV QUOIKAOV dlepyact®dVv). Ot 1010TNTeg avTEG eivat: M
LLOVOXP®UATIKOTNTA, 1 KOTELOLVTIKOTNTA, 1| AAUTpdTNTa Kot 1] supe@via. Ot 1010t Teg avTég
Oo efetaoTOVV pE peyaALTEPN AEmTOUEPELD. OTN GLVEXEW. Mo aktivoPoiio Aéilep elvan
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duvatdév va PpiokeTor GTNV 0pOTH| TEPLOYN] TOV MAEKTPOUAYVNTIKOD (AGUATOS, M GTO
VIEPLDOEG 1] 6TO VIEPLOPO 1| GE AAAN TEPLOYN], EVD GE KATOLES EIOIKEG TEPUTTACELS UTOPEL VL
Bploketonl GtV TTEPLOYN TOV VIEPUDOOVS KEVOD, TOV OKTIVOV X, KAT.. XTO EMAV® UEPOG TNG
Ewdvag 3.2 aneikoviletor 1o pAGHA TOV NAEKTPOUOYVITIKOV OKTIVOBOAM®Y TAEVOUNUEVEOV
ne Béon to pfiroc kdpoToc (6 nm), TOV AVTIGTOO 0vTicTpoPo Kupatdpduo (e cm™ ), T
evépyew (oe eV) kot v ovyvoémra (oe Hz), pall pe tic gumelpikég ovopacieg tov
aktvofoMdv avt®dv. Zmnv 0o ewkdvo, 610 KAT® HEPOG, AmEKOVILOVTOL GYNUATIKE, Ol
dwdwaciec exelveg pe TIg omoieg eivol ocLUVOESEUEVT M TAPAY®YY] TOV OKTIVOPOADV ALTOV

KaB®G Ko KATOL0L OVTITPOCOTEVTIKY| YPTOT)/EQAPUOYT| TOVG,.

Ol HAEKTPOMATI'NHTIKEE AKTINOBOAIEZ

3 man's height
' i S paperclp WrUEEs ato
g e q h 2= thickness (af- rl_'.l.
na \ ':.1|'\-'.' = I P 4
I3 faathall feld 1 basebal :I!:;.kr-es.s water molecuie et
wavelength : ) F ) in A Tem 1 rrl\m | 1 rniII ‘Il_u : \ 1 l]lih 1 »Iﬂ ) 1 PIIII
M5 102 10 1 107 102 109 10+ 105 106 107 10% 100 400 101 102
wavenumber | 1 i L 1 I 1 i i I i i I 1 I i
') gs  qp4 103 102 100 A 10 0@ 105 104 105 108 107 108 100 1000
wlectron volf__| [l 1 | [ i 1 i | [ I | I 1 |
¥} 0% 109 107 10F 108 104 100 102 0! 1 10 102 107 100 108 10¢
frequency | ! TlH: 1 1 b cerI 1 1 ! TIHz 1 1 i leL 1 Il : El"'l 1 [ ! zhu
‘Hz' I‘Iﬂf‘\ 19“- 19? 10‘ 1ﬂl- 10”\ 1'u|| 1D|') 10"= 10‘5 101'- l‘ID‘R 181‘1‘ 10‘” 10‘“ Igﬂn 10‘)|
'E Radio Speeirum - Tmli Infrare r: X-ray Gamma
o Broadcast and Wirsloss Whcrowave | Far 15 Mid Satt Ky Hard %-ray
= 1 w
! F 2
': ) E " 4 5
I} v P B Fibar falacom Denisl Cunng
[ el & 0714 p 200.3500m A

AN sl FMmdie e Phones

| =y p— Medical X-rays
W) T - 190,14
BO0RHE-1 SNz BOOMMz-ZAGHE poger K : S Casmic @y

RE-108 Mz
;
Ll e — \a‘_ﬂhiil__lgll ' onsnlzl‘u:a:;om;
1-10 THz q ToO400nm -
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#‘i Ramoies! - Bswﬁh‘.ﬂ&"l
oy TV Broagcsst  ‘Wienlras Dats ant ARO A ; 01004 5
’ BLTOOMHZ - 24GHe 4 3
Linmscund Lo P
| & ET ima
1-20 MHz Soreenirg Bursan '-. i L‘ll:;?:.l
0240 THe  Burta B :
Sy A T 406 2860nm Pepubalngrapler
— 20Hz-ADkH F— 4 T
RS Microwans Cuan ‘sud-mm* Reght Wiskan -
24 GHz 1007

[k=2x10%req = 1/wne100) = 128105V
Eixova 3.2: To pdoua tmv nieKTpouayvytik@dv axtivofoiimy.

Yuyva, Yoo TNV OTAODGTELGT TNG TEPLYPOUPNG MOG OTaENG Tapay®yNS aKTvOBoMOV
AéCep, YPNOIUOTOLEITOL TO TOPAOELY LA TOL NAEKTPIKOD TOAAVIMTN TOL Qaivetal otnv Ekdva
3.3 (a), 10 omoio pmopel va vrootpilel kKamoleg mePlodkég dadkacies, xwpic T Pondela
KAmo1o0v EMTEPIKOD PUNYOVIoHOD d1€yeponc, OTmS Yo Tapaderypo cuppaivel 6° éva chHoTN IO
EVIOYLONG OKOVOTIKOV KUUATOV ATOTEAOVUEVO OO EVOL IKPOP®VO, EVOV EVIOYLTH KOl EVOL
Heyaopwvo (0nwg oynuatikd deiyvetar otnv Ewova 3.3(B)). Xto anhd avtd cvotnua, dtav 10
pkpdevo tomofetn el amévovtt and to pHeEYdPwvo, dnuovpyeital £vo KAEIGTO KOKAMLO Kot
axovyetal £va cOPLYHa amd to peyaemvo. To ceiptypa avtd mapdystor ovBopunTo, YOPIc
™ xpnom Kamoag eEmtepikng mnyng o€yeponc. O ecmtepikdc B6pvPog (Tov givor Beppuxng
@OONG OTN TEPIMTMOOTN GLTH) TOL NAEKTPIKOD KLKADUOTOG UETOPEPETOL OTO HEYAP®VO, TO
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omol0 TO WETATPEMEL GE OKOVOTIKN TAAAVI®MON KOl £TCL GLAAEYETOL OO TO HIKPOP®OVO,
EVIGYVETOL OO TOV EVIGYLTI Kol TPOPOJOTEL EK VEOL TO LEYAPMOVO 0T’ OTOV EMAVEKTEUTETOL,
®ote OAn 1 Sadwkacio va emavainedel. H meprodikn avtn dadikacio ovopdletor Oetikn
avadpaomn Kol Lropel vo emavaAapUPAveETon TOALES POPES, MG OTOL Eva OLVATO GPVPLYLO VO
akovotel and To0 pEYAPMVO. XTNV YAMGGCO TOV MAEKTPOVIKAV, £VOG TETOLOC TOANVIMTNG
amotedeitan v Yével amd To. okOAOLOO TEcoEPA LEPN: TOV EVIGYLTI, TNV OeTiKn ovadpaon
(mov elvar 6 cLVTOVIGUD), TOV UNYOVIGUO €E000V KOl TNV TTNyN 1oYVOC, T Omoia delyvel

oynpoatikd n Eucova 3.3(y).

HiskTpovinds TokavTeTiic

—

Mrppoveopas avibpoonc

— —— o—

Mk pitgumin

TR
"ELobog
TOAIVETT)

Eviagurns;

(1)

([

i)

Ewova 3.3: To niektpino avdloyo tov A&1ep.

Kat’ avahoyio mpog Tov nAEKTPIKO TOAAVTOTY, Mo TUMIKY, cvpPotikn dwdtaln Aélep
ATOTEAEITOL OVTIOTOLYO OO TOL TOPAKAT® WEPT, OTMG oynuatikd delyver n Ewdva 3.4: to
evepyd VAKO (mov mailel To pOLO TOL (OTTIKOV) EVIGYVLTN), TNV OTTIKY avadpaoct (1] orTiKn
KOWAOTNTA), TOV UNYOVIGHO €£000V TV aKTIVOV AEWEp Kot TV Tnyn déyepong N AvtAnongn

01ol0 TPOCPEPEL TNV ATOPAITNTY EVEPYELOL.
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Eixova 3.4: Zynuatixij weprypapn Aéilep.

To evepyd vAkd evog Aélep umopet va amoteheiton amd dtopo 1 popta, pmopet va givon
VYpd, oTEPED M AEPLO, EVD OO TAELPAG NAEKTPIKMOV WO10THT®V Umopel va ivar aydyo 1
OMAEKTPIKO, MAEKTPIKA 0VOETEPO N POPTIGUEVO. O GVVOVAGUOG TOL evEPYOD DAIKOD, HECH
NG OTOUIKNG OOUNG TOL (OMA. TV SVVATOV OTOUIKAOV/HoPloK®V HeTaPdoemv petalld tmv
EVEPYELOKAOV EMITEI®V), KOl TNG OMTIKNG KOIAOTNTAG TOL Aélep kaBopilovv To UKo KOUOTOG
ekmopunng g otdtaéng Aéilep. O punyavicpdc avddpaons (1 OTTIKN KOIAOTNT), OTOTEAE TAL,
ev Y€velL, amd VO KATOMTPA, HETOED TV omoiwv Tomobeteitan To evepyd VAKO. Zvvinbwg, To
éva amd to kdromTpa eivor mANpws avaxkAaotikd (~100%), evd to GAAO elvorl pePIKDOG
avakhootikd (~90-99%) va avdioya pe tov TOmo Tov Aélep Kot TO €100C TNG OMTIKNG
KOWMOTNTOG. X& KAOE TEPIMTMOOT, TO POTOVIL TNG OPYIKA ONUIOVPYOVUEVNG eavayKaoUEVNS
EKTIOUTNG, EKTEAOVLV TOAAG OladoyiKa To&id HETAEL TV KATOMTPOV TNG ONTIKNG
KOO tag, dacyilovtag oe kbbe dadpoun to evepyd VAKS Kot toddamAiacialopevo. Otav n
déoun avtn ™G €E0VUYKAGUEVIG EKTTOUMNG, 1) omoia €xel evioyvBel evidg TG KOMOTNTOG,
OTOKTNOEL IKOVY EVEPYELD, EYKATOAEIMEL TNV OMTIKY KOWMOTNTA €&epYOUEV OO TNV TAELPA
TOL MNUITEPATOV KATOMTPOL TNG KOoOTNTas. To pépog ¢ aktvoPfoAiiog mov dtopevyet,

eEepyOUEVO TNG OTTIKNG KOOt TG ivan 1 déoun (1 aktiveg) Aéilep (Ewova 3.5).
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Ewova 3.5: Apyij Jerrovpyiog tov Laser

H yeopetpia g ontikig KOAOTNTAG CLUVTEAEL EKTOG TOV AAA®V, 6TO VO EMLCOLV Kol VoL
TOAALOTAQGLOGTOOV HOVO OG0 POTOHVIN TAEWEVOVY GTOV OTTIKO AEOVA TG OATAENG, YEYOVOS
10 omoio (polli pe v WWOMTO NG CLUPOVIOG £XEL OC GLVEREW TNV oLENUEVT
KatevfuviikdTTa TOV aKTVOV Aélep. Mo emumAéov Asttovpyia NG OMTIKNG KOIAOTNTOG
elval OTL 010 LECOL TOV YEMUETPIKAOV TNG YOUPOUKTNPIOTIK®OV, UTOPEL VO EMAEYEL OPLGUEVOVG
puovo TpOTOVS TOAGVTOONS, omd TOLG AMEPOLS OV VIOSTNPIfEL Mo OMTIKY KOWAOTNTA.
MdéMota, avtol eivar ot povadikoi tpomolr TaAdvimong ot omoiot B eminoovv kot Oa
evioyvBodv mepatépw. H Aertovpyia avt) g ontikng kotlotnrtag cvvtelel otn Pertiooon
™G HOVOYPOUOTIKOTNTAG TG aKkTivoPoAiag Aéilep. Mall pe tov unyaviopd avadpoacns, Tov
omoiov glvatl GuyVA HEPOG, OMAVTATOL KOl O UNYAVIGUOG £E000V TV aKTVAOV Aélep, 0 0mOi0g
amoteAeiTon amd KATOAANAQ OTTIKG €E0PTIOTO TTOV OKOTLO £yovv va puBuilovv v mOAmon

™G e€epyodpevng 6o NG, T0 TOG0GTO TG aKTVOPoAing Tov Ba Sraphyet TG KOILOTNTOG, KAT.

Téhog, o unyaviopog diyepong (1 dvtAnomg) Tov evepyon LAIKOL givarl vtevBuvog yia v
TOPOYN TNG OMOLTOVUEVNG EVEPYEWNG OTO €VEPYO LVAIKO Yo TNV €miTELEN NG AVAGTPOPNS
minbuopudv kot ™ Onuovpyia g egavaykaouévng exmounng. H S1éyepon M Gvtinon

emtuyydvetal, cuVHOMC, P VOV A TOVS TAPUKAT® TPOTOVG :

e Me omtik] GvtAnom, OmA. HEcm Oyepone UE QoG €lte amd 10YLVPEG Avyvieg
NAEKTPIKNG EKKEVOONG G€ aéPlo YoUnAng N vyning mieong (m.y. Xe, Kr, He, k.a.) ©
amd Ao Aéilep (m.y. Aélep deyepuévov dpuepav M excimer Aéilep, Aéilep aldtov
(N2), Aélep w0viov apyov (Ar), Aélep Nd: YAG, AMélep Ti: sapphire,kAm.),

o Me nAekTpikn O1€yePON, OMMOC Yo TOPAOELYHO LE NAEKTPIKY EKKEVMOOT| €VTOG TOV

evepyoL VAKOD (Omtwg m.y. cvpPaivel ota Alep dleyeEpUEVOV SUEPDV),
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o Me kpovoelg e niektpdvia 1 WOvta M deyeppuéva atopa, (m.y. Aéilep He-Ne, Aéilep
C02),

e Me unyovikn S€yepor, OmMOL 1 amapaitnTn evEPYELD €IVl OMOTEAEGUO KOTOLOG
YNUIKNG avtidpaong mov Aapupdvel yopa oty kotkdtra (m.y. Oxygen- lodineLaser,
HF-HydrogenFluorideLaser, kAm.)

o Me an’ evbeiag diéyepon pEcm dEAELONG NAEKTPIKOL PEOIATOG HEGO OO TO EVEPYO
VAKO, Onw¢ cupPaivel mopdderypo oty Tepintwon tov dodikadv Laser.

® Me pepkog dAAOVE TPOTOVE, AYyOTEPO GLVNOIGUEVOLG, OMMG Yo TOPAOEYA Ol

TUPNVIKEG EKPNEELS, M| NALOKY EVEPYELDL, KAT.

3.2 Ov 1010t TES TOV OKTIVOV Laser

Ortav yivetor ovo@opd OTIG LOVASIKES KOl KATOTANKTIKES 1010TNTEG TOV aKTVAOV A&lep,
ocLVNOMG aVTY APOPA TN HOVOYPOUATIKOTNTO, TNV KOTELOLVTIKOTNTO Kot Tr) AAUTPOTITO TOV
11 yopaxtnpilovv. Avtd U pmopel va 0dNYNOEL GE TAPOUVONGN TOV T €ivar akpPmg M
axtwvoBoAia tov Aéilep kot Oa e€ayxBobv Adbog cvunepdcpata. Etot, yuo mapdderypa, ov 1o
QMG €VOC TLPUKTOUEVOD COUOTOS TEPAGEL OmO KOTAAANAO @iATpo M/kor amd £€va
povoyxpmudtopa, givar ouvatdv vo petmbel T0 PACUATIKO TOL €0POG G€ CNUAVTIKO Pabuo.
2tV mepintoon oty onAadn, 1 LOVOXPOUOTIKOTNTO TOV JEPYOUEVOD POTOC eEopTdTol Amd
70 TOGO GTEVN €IVOL 1] POGHOTIKN OTOKPIoT TOL GIATpOV. Av emmAEoV, PE YPNON KATAAANAOL
OLOTNUOTOG POK®V, GLYKEVIP®OOHV Kot TOPIAANAMGO0VY HETAED TOVE Ol POTEIVEG OKTIVEG,
TO PG OVTO OMOKTA EMITAEOV KATEGLVTIKOTNTA KOl AAUTPOTNTO (TOVAGYIGTOV GTNV EGTIO TOVL
OLYKEVTPOTIKOV (akoV). ITap’ dha avtd dpmg, dev Ba mpdkettan Yo aktivoBolrio Aéilep. To
QLOIKO QMC (T.Y. TOL NAOL 1 AAL®Y oVPAVIKOY COUATOV) KOODS KOl OVTO TOV TEYVITOV
QPOTEWVOV TNYOV (T.Y. MAEKIPIKEG EKKEVAOGELS, Avyvieg mupdktmwong, LED, k.a.) mepiéyet
TOALGL OLOLPOPETIKA UNKT KOUOTOG, dtadideTal, eV YEVEL TPOg OAES TIG KaTELBVVGELS YOPO Omd
™ QOTEWVN TNYN o€ Mo oteped ywvia 4w, Kol TovTOYpOva YapoKTNPIleETOL amd EAAEWYT
VYNAOL Babpod aAAnAocuoyETiong eAong, TAATOVS, GLYVOTNTA K.0. LETOED TOV KVUATOV TO
omoio. ekmEUmOVTOL OKOHO Kot omd Tnv 101 mnyn. Xe ovtibeon pe dAha cvppotikd €idn
Q®TOG, 01 aKktiveg Aéilep €xouv emmA&ov pia Lovadikt W10t ta, 1 omoia ekepaletl Tov Badbud
OAANAOGUGYETIONG UETOED TMV TPOAVOPEPHEVI®OV YOPOKTNPIOTIKOV: TN ovpewvia. H
wwmTo ™G ovueoviag Opmg 0ev gival TO00 TPOPOVIG OGO Ol GAAEG 1010TNTEG TV
axtvoBoAldv Aélep. Me amid A0y, 1| CLLE®VIN UTOPEL VAL TEPTYPUPEL GOV TNV KATACTOON
eketvn katd v omoia ot draxvpdvoelg (fluctuations) TV GYETIKOV PAGEMV KOl TOV TAATOV

TOV NAEKTPOLAYVNTIKOV KVUAT®V Tov oamaptilovv po 6éopun axtivav Aélep, sivol moAy
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pKpés, yopig BEPara va pmopovv va yivouv pikpotepes amd Eva eEAd(oTo Op1o, ToL EMPAAAEL

N apyn s anpoodoptotiog (tov Heisenberg).

Mo v KaAdTtepn Katovomon g EVvolug TG GLUP®VING, cLYVA YIVETOL ETIKANGT TOV
aKoAovBov 18eatoV TEPduaToc. Av Oewpnbel o axtivoPoliia pe e0pog cuyvotitev A® va
TeEPVA amd Eva O1dPpaypa To omoio avoryokAEivel pe T€Toto pubud, OOTE Vo EMTPEMEL TN
dtélevon g axtvoPoAiag yia éva xpovikd dtictnio HiKkpoTePo (1} To TOAD 160 ) Tov T .6moV:
T, = 1/Aw, tote pmopel va petpndel o appog N towv eotoviov Tov eotevod moApnod. Av
avTO eMOVOANQOel Tapa TOAAES QopES, kot 0 apBudg N eivor o¢ ent to mAgiotov oTabepadc,
TOTE TPOKELTOU Y10 AKTIVOPOATR LYNAOD PBabuod cvuemviac. Av TaAM TaPOVSIALOVTOL IGYVPES
SKVUAVOELG GTN LETPNOT TOL aptBpov Twv eoToviov N, tote 1 axtivoforia yapaktmpileton
amd younAo Badbud cvpeaviag. O xpodvog T, ovopdletat xpovog cuoyétiong (correlationtime).
H pebodoroyio avtn emrpémetl T dudkpion pag aktivoBoriog Aélep amd GAAES U GOUPOVES
N youniov Pabuod ocvueoviag. Xto emopeva, n €vvolo G ovueoviog Oo cvintmOel
deEodkdTepa Ko B TOPOVGLUGTOVV 01 KAAGGIKY TPOCEYYLoN Kot avth mov Paciletal ot

GTOTIGTIKY| OTTIKY).

Yvvoyilovtag to mapandve, 1o Aélep umopel va opiobel g ™ dwdtaén exeivn 1 omoia
exméumel axtivoora n omoio yopakTNPIlETOL OO HOVOXPMOUATIKOTNTO, KOTELOLVTIKOTNTO,

AOUTPOTNTA, KOt TOVTOYPOVE LYNAO Babud cuppoviog.

3.2.1 H povoypopatikotnTa

Eivor yvooto, 011 av 10 ¢m¢ Tou MOV 1 MG Avyviag TUPAKTOONG 1 Hog Avyviog
NAEKTPIKNG ekkévmong oe aéplo (m.y. Avyvieg eBopiopod Yopapyvpov (Hg) , vatpiov (Na),
KAT) mepdoel and €va mpiopa, PA. apiotepd oynpo ¢ Ewovag 3.6), 10t avalveton ota
dlapopa ypoduaTo (UKN KOUATOS, cLuvOTNTEG) TOoV TEPLEYEL. AV TO Telpapa exavainedel pe
axtivec Aélep, TOTE, TO AVOALUEVO QOC ATOTEAEITOL OO €va LOVO HUNKOG KOUATOS (XpmdUaL)

(BA. 6€&16 oynpa Ewdvag 3.6).
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Color A (nm) Freq (Hz)
Red  760-647 4 3510"

Orange, 647585 4 3¢10"
White s 4.3x10

light

Yellow 585575 52400"
Green  575-491 5,ﬁx]{1“

) at
Ghrin Blue 491424 6.6x10
Violet 424380 73410"

Eiwxova 3.6: Avaivoen Levkov gmTOG KAl HOVOYPOUATIKOD PWTOG UE TPIGHUA.

Av 10 mpiopa aviikataoctabel and €vo Opyovo pe PEYOADTEPES OVOAVTIKES SVVATOTNTEG,
OGS Yo TOPASELYHOL Omd VO LOVOXPMUATOPO 1 POGUATOYPAPO, TOTE Eivat duvatoV va yivel
KOl M KOTOypoPt TNG KATOVOUNG TNG EVIOONG TOV QOCUATIKOV YPUUUOV (Yo TG TNYEG
BéPara OV EKTEUTOVY YPOUHIKO QAGHO Kot Oyt ovvexéc). Andadn, va petpnbel 1o pdoua
pog axktvoPoriag. To mAGTOG (oG TETOWG KATOVOUNG EVTAONG OGS PACHOTIKNAG YPOUUNG,
petpnuévo oto picd tov vyouvg g katavoung (Full Widthat Half Maximum, FWHM)
yopokTNPilel T HOVOXPOUATIKOTNTO 1 16000VaUe TO Qacpotikd €bpog (bandwidth) g
aktwvoPoAiag. T'o mapdderypo oty Ewdva 3.7, deiyvetor 10 QaoUOTIKO €0pOg UOG
(QOGUOTIKNG YPOUUUNG, KOOMG Kot PHePKA Tapadelyato HETPNONG TNG EKTOUTNG POTOS amd
LOVOYPMUOTIKY TNYY HE €vo TPOYUOTIKO Kot PE £va 10avikd dpyavo (). LOVOxp®UATopa.).
I'evikd, 600 otevotepn (Qoaopatikd) ivol 1 Katavoun tng £viaong Hog aktivofoiiag yopo
amd TO KEVIPIKO UNKOG KOUATOC, TOGO TEPIGGOTEPO HOVOYpOUOTIKT Ba elvar 1 axtivoBolda.
Ot axtivoPorieg Aélep yapoxtnpilovior yevikd amd eEapeTikd 0TEVEG KATOVOUES EVTAONG.
Anhadn, TpOKELTOL Y10, LOVOYXPOUOTIKES akTvoPoAies. [davikd, ) kaTovou TG vtaong Hog
axtivoPforiog Aélep, Ba Ntav cvvaptnon & (Dirac). Xto mpaypoatikd KOGUO OUMS, VITAPYEL
éva. EAAYLOTO Y100 TO OGO WUmopel vo Yivel TO EAAYIOTO €VPOC HOG TETOWG (POGHOTIKNG

KOTAVOUNC.
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Ewxova 3.7: @Pacuatio evpog piag axtivofoiiog.

3.2.2 H KoategvOvvtikotnTo

Ye avtifeon pe GAlo €0 Q®TOC, TOL dev opeilovion o €EUVUYKAOUEVT) EKTOUTN
axtivoPfoAiag, or aktiveg Aéwllep dadidovtor mpog po KotevBuvon datnpovtag Waitepa
Kpn yoviokn dwwomopd, o0nmg eaivetar oty Ewdva 3.8. Xapakmmpilovtor oniodn ard
onuovtikny katevBuviikomto. Ewdwotepa, 660 pikpdtepn eivar n yoviakn omdkMor, 1060
peyoAdtepn eivar n katevbuviikodTnTo TG déoung TV axtveov Aélep. O TOmOC Ko M
TOWTNTO TOV KATOMTP®V NG KOWOTNTOG, Kabdg Kot 0 Tpdmog avtinong tov Aéilep,

kaBopilovv o onuovtikd Badbud v katevBovvtikdTTa pog décung Aélep.
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Agoun Aélep

Zoupmva
(POTEWVA KDHOTY

Mn-coupwve
(POTEWVE KOUUT

WAvopyaveotay

0mTOWVIY
\ |/
:\ /{' %_I R-r
- 7)) S——
7 y \E\ 2
|
L |
Awyvin

Eiwxova 3.8: KatevOvvrixotnyta kot I'oviakij aroxiien tng oéoung A&iéep

I v Tocotikomoinom tov Babpod katevBuvTiKdTNTOC, CLVNOMS ¥PNOLOTOLEITOL 1 TIUY|
g yoviag 0 (PA. Ewova 3.8), ekppacpévn o mrad. ®vuilovrag 6t 360° = 2w rads ) 1 mrad
= 0.057° 1 1rad = 57.30° . ¥ éva tomkd Aéilep, N amoOKAlon NG déoung elval ~ Imrad,
YEYOVOG TOL 1600VVOLEL e TPOKTIKA TapdAANAN dEopn. ALEOT GLVETELD AVTOV glval OTL Lo
déoun Aélep va pmopel vo dwdobel oe TOAD HEYAAES OMOCTAGELS, HE OYETIKA HUKPT
e&aoBévion €€ artiog g HKPNG YOVIOKNG dlacmopdc. [evikd, dtakpivovtal Svo TEPMTOGELS
Yy T pETpNon ¢ andkAong pog oéoung A&lep: moAD Hokpld Kot ToAD Kovtd ot Tnyn.
‘Etot, av n ddpetpog pog déoung stvor 2r oty €€odo tov Aéilep kar 2R og andotaom L and
avtd, TOTE 1 AMOKAICT TNG OTNV TPOTN TEPInTOON voloyileTar and v oyéon: tan(6/2)=
(R-1)/L=6/2, 6mov N yovia 0 ekppdletor oe mrad, eved ot dgvtepn mepintwon dmov 2R>>2r,
N Yovia 6 vroloyiletor amd Tov VTOAOYICUO TNG EPATTOUEVNG TNG, LETPDVTOG TNV OKTIVOL TNG
déoung R kot dwpadvtog t pe v amodotaon L. ‘Etoy, yio mapdostypa, pia 6éoun Aéilep e
anokAlon 1 mrad, petd and dwddoorn 10m, oynuatifel (mdve o o 006vn) éva kukhkd

amoTOTOUA, StopéTpov 10 mm.

Ievikotepa, N kotevBouvtikdOTTa oG déoung Aélep, eivar Queso GuVOEdEUEVT] e TN

HETOQOPE Kot EVOTODEST) NAEKTPOUAYVNTIKNG EVEPYELQS GE amdOoTOon amd TV Tnyn. Etot,
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Yo Tapadetypa, eved 1 e£acBEVion NG EKTEUTOUEVNG EVEPYELNG OV LLOVADO ETPAVELNG LLOG
Aoyviag mTupAKTOONG pEIdVETAL cOpQmva pe ™ oxéon 1/, oty mepintoon TV anyodv
Aélep, M peTapepOUEV) amd T OEGUN EVEPYELD, GE TPMTI TPOGEYYIOT) TOLVAAYIGTOV, OEV

eCaptartar 1 e€aptdton Alyo amd v andotao).
3.2.3 H Aapmpoétnra

H Aaumpotnta (brightness) pog axtivoPoriog Aéilep, pumopel va eivor ToAd peyain, Toin

HEYOADTEPT OKOUN Ko oTd TNV AAUTPOTNTA TOV NALOVL.
Q¢ hapumpdmra pog myns HM kopdtov opilovpe v 1oy mov ekméumetol avd pLovaoa
EMPAveEING ava povdoa otepeds Yovias. 'Eotm otoyyeumong empdveln dSoto onueio O g

myns (PA oynpo oty Ewodva 3.9(a)).

(a) (b)

Eiwova 3.10: (a) Aaurpotyra anyijs HM kovudrov oto onucio O. (b) Aaunpityra déouns Jéilep drauétpov D kar
YOVIOKI]S ATOKAIGHGS 6.

H 1oy0¢ dP mov exméumeton amd v dSoe oteped yovia dQ ybpo and v dievbvven OO’

umopel va ypapet mg
dP = Bcosf dSdQ

omov 0 elvan n yovia petald g evbelag mapatnpnong OO’ kot g kabétov oTnv
empavelog n. O mapdyovtag cosd vreicépyetor Adym g mapotipnong g evbeiag OO’ Kot
apa g mpoPoing tov nommv OO’. H mocodmta B xolieitor Aapmpdtnta g mnyng oto
onueio O oy katevBuvon OO’. H B yevikd e€aptdror omd TiG TOAKES GLUVTETAYUEVES O Ko

¢. XtV epintmon mov givorl otabepn, T0TE AépE TS 1| TNYN ELVOL 1GOTPOTTIKY.

Eocto topa déoun Aélep oyvog P, dapétpov D kot yoviokng extpomg 0 (PA. Ewova

3.9(b)). Epocov n yovia 0 elval moAd pikpn €xovue cos cos 6 =1.

H Aapmpoétta givol i6mg 1 To oNUOVTIKY TOPAUETPOG — 010N T TNG déoung laser aAAd
KOl YEVIKA omowadnmote mnyn @oTtoc. Mo déoun laser akdun kot PETPLOG 1oYVOC E£XEL
AopmpoTNTa TOAAEG TAEES peyéBoug amd omoladnmote AAAN YN ewtds. O Pacikdg AdYog
elvail n vynAn KatevBuvTIKOTNTOL.
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3.2.4 H ovpoovia

H ovpgpovia f/kar o Pabudg copgpoviag peTald o000 1| TEPICCOTEPOV KLUATOV,
oyetiCovtor pe tn petafoir, ONAaon TN SUKLUAVGT TNG GYETIKNG PAoNS TV Kupdtwv. O
Eleyyog ¢ vrapéng cvpeaviog 1 Kamolov Pabrod copeoviog cuvHBOS ETITLYYAVETOL HLEGH
™G pétpnong kot enegepyaciog Tov oxediov g GLUPOANS TOVG, ONANOT| TOV OvVOoUALOUEVOD
ovpPoroypdupatoc. ‘Etol, n onuovpyia, 1 OYETIKN €LVKPIVEIL TOVG, 1| POTEWVOTNTA KOl 1)
STaEN TOLG GTOV YMPO, KABMS KOl TOL €V YEVEL YOPOKINPIOTIKA TOVG e€opTOVTAL OO TIG
OXETIKEG (PAGES TV GLUPOALOVI®OV Kupdtov. Avdloyo pe 10 Pabud ocvpewviog, Tto
ovpPordypappa, aAralel. Av ta Kdpata £govv otabepn dwapopd pdoewv (OnA. 0 1 #£0) To1e
ovopalovtolr GOUEMVO, EVM OV 1 OYETIKN TOLG @Aon aAAAlel TOTE Yopoktnpilovion ®g

LEPIKDG COLP@VO 1] AGVUPMVOL.

INo kdBe HM xdpo pmopovpe va 0picovE G€ TPAOTN TPOGEYYIOT TIG EVVOLEG TIG YMOPIKNG KO

YPOVIKNG CLLPOVING.

Xopiwkn ocvpeovia: ‘Eotow 6vo onueia P, kot P, 6to ydpo mov v ypovikn otypn t;=0

Bplokovioar oto B0 pétomo evog HM wdupatog, ki éotw E(t) xar Es(t) to aviictoryo
niektpikd media (PA. Ewdva 3.10). EE’ opiopod n dtapopd ¢dong twv dvo onpeiov eivor

pNoév.

1. Ed&v n dwapopd ¢aone twv dvo onueimv Tapauével UNoy yia Kabe ypovikn otiyun t>

0 t6te Aépe mmg vLdpyel TELEL GLUE®VIN LETAED TV dVO CTUEI®V.

2. Ed&v n dweopd @dong 6vo OmolodNTOTE CNUEIMV TOV HETOTOL KVUOTOG TOPUUEVEL
unoév ya kKaOe ypovikn otypn| t> 0, 1ote Aépe TOS VILAPYEL TEAELN YOPIKT] CLUPOVIN
(perfectspatialcoherence).

3. Zmv mpdén yia va svpPaivel to b ta onpeia Py ko P, mpénet va Ppickovtar «oyetikd
KOVTA» KOl TOTE WIAGUE Yo LEPIKN YWPIKY ocvuemvia (partialspatialcoherence). Xe
OUTH TNV TEPITTOOT UTOPOVUE VO OPIGOVUE TNV ETPAVEWL GLUEMOVIOG KOl TO

YOPOKTNPLOTIKO UNKOS GUUPMOVING TOV OVTIGTOLEL GTNV EMPAVELN OVTN.
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spatially
incoherent coherent coherent

pinhole Wavelength
aperture filter

P,

P,

Ewxova 3.10: a)Arapopd. ypikis acoupmvias Kol ywpikyg coppvias potos f) MEtwna 6paipik@y exinedwy

KOUATOV.

Xpovikn cvpeovia: 'Ectm niextpiko ntedio HM kdpartog E(t) oe otabepd onpeio oto ympo.

1.

Edv yio dedopévn ypovikn kabvostépnon 1, n dapopd edong petalv E(t) ko E(t+t,)
napopével otafepd yuo k0B t, T0TE AéPE TOG EYOVUE YPOVIKN GLUE®VIO Yol TO
dllonua Ty (Lepkn ypovik cupumvia —partialspatialcoherence). O ypdvog T, AéyeTan
xpévoc cvppwvias. H mepintwon avt eaivetar otnv Ewkova 3.11.

Edv avtd ocvpPaiver yuo kabe 1, t0TE Aépe TOC £YOVUE TEAELN YPOVIKT] GLUPOVIOG
(perfectspatialcoherence). An6 v Ewova 3.11 paivetar mmg n xpovikn cvoppoviao kot
N HovoypopotikoétnTo €ival dppnkta cvvdegpéves. Mdlota Oa deifovpe 0Tl Yo
otdopa HM kdpata pe xpdvo coppmviag 1, 1o €0pog cuyvotntag Av divetar amd v

oxéon Av= = 1/7,.
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Incoherent

Coherent

Coherent

Ewova 3.11: a)Arapopa ypovikijs acoupmviag Kat xpovikis GOHPOVIAS POTOS

A&iler oto onpeio avtd vo ava@EPOVLE Hia TOAD YVOOTH 1010t Ta TOV d0eGU®OV lasermov
etvar amotéleoua TG YOPOYPOVIKNG cvpeoviag. [Ipokettor yio v AeyOuevn KokKimon
(speckle) n omoia mapatnpeiton 6tav avakidtot po déoun laseramd pio pun Agio emedvelo. H
avakioon g (mapatnpovpot BEPaia o€ Yovio SIPOPETIKN VTG TG YOVING TPOCTTOONG)

napovstaletar oty Ewdva 3.12.

Ewxova 3.12: Koxkiwon oéeuns Aéi1éep

H wroxkiowon eivor amotéleopa g SLUPOANG MOAADY KLpATOV {d10G cuyvOTNTOG
SPOPETIKOV OU®G TAATOV Kot @doemv. 'Etot 6tav o un Aeio emodvelo potiletat and o
oéoun laserkdBe onueio g yivetar degvtepedovsa YN KVUATOV Kol 1) GUUPOAN TOVG G
paxpwvny andotaocn Bo amoteleiton amd To KOpOTo OA®V TV onueiov. Etopévog otav n
empaveln, ogv gival Aela ta enl pépovg kdpata Ba dtapépovv 1060 G€ PAon OGO Kol GE
TAGTOC pe amotédecpo M évtaon TG SLUPOANG va mapovotdlel o Tuyoio TOTIKN

avéopeimon mov givar akpiPAOS TO PAVOUEVO TNG KOKKIMOTG.
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3.3 Tvmow laser ko facikég TapapeTpor

To dwdpopa cvotiuato laser pmopodv (okadnuaikd kKvpimg) vo katnyoplomombovv

avaroyo pE:

"1 To gvepyd vAMKO (EViGYLTNC)

o Laser otepedc xatdotaong

o Laser vypov

o Laser aepiov

o Laser elevBépmv niextpoviov
[l To punkog KOUATOG

o Laser vrépvOpng axtivoBoriag

o Laser opatngc axtivoBoiiog

o Laser vmepudoovg aktivofoliog

o Laser axktivov X

[l Tn ypovikn ddpkela

o Laser cuveyovg (CW laser)

o Ns laser
o Pslaser
o Fslaser

[ Tn Oué mov mpokaAel 1 0éoun laseroto pdTt /o 1o d€ppa

o CLASSI
o CLASSII
o CLASS Illa
o CLASSIIIb

o CLASSIV
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- 118 pm

O, 10.6 pm

|

|

| :
- 321L44m

Eucéva 3.13: Midpopa cidn iéilep
Ovopa LopPoro | Lyéey (Tum,m]) il
HETPNOINS

Mikoc kopetog A nm
Tuygvotyta fv 10" Hz
Atdpxeto Topoo * At ns, ps, s
Pobuog emavainyms* R Hz, kHz
Evépysia E woule, mJoule
Evépysio ava mohpo* E; E/R (WJoule. mJoule)/pulse
Ioyvg P E,/ At mWatt, Watt
‘Evtaon [ P/A*# Watt/cm’
Poy I [/hf # ootoviev / (cm” s)

IMivakag 1: Boowég mapdpetpor Ttumkdv ocvotnudtov Aélep MOV OTAVIOVTOL OTO

gpyaotnplo atopkng Moplakng kot Ontikng Puoiknig.

* Toybetl yio maApikd Aélep.

** A glvon ) emedveln g déoung 6To onueio pETpnong g évraong.

34



KE®AAAIO 4

4.1 BHMATIKOX KINHTHPAX (STEPPINGMOTOR)

O Bnpoatikég kwvmtipog 1 Kwvntipog otadlokev Pnpdtov (steppingmotor), givol évog
KIVITHPOG ETOYMYNG, O 0010 TpoPodoteital amd Eva pkpd KOKA®UA, xpNoorotel Sniadn|
NAEKTPIKOVS TAALOVG Yo TNV Kiviion Tov. Eivat pio nAektpounyovikn Guokevt, n onoio Oty
EVEPYOTOLEITOL NAEKTPIKA, TEPICTPEPETOL UE OLOKPIT Kivnom Pnudtov katd o dwitepn
yovia kdBe @opd (yovia Pnudtov). Aeov o dfovag mepiotpagel KoTd £vo Prpa, oTapotd
néxpt vo. maper v emOUEVN EVIOA 0odNynonc. Mia yevikn] mopdotacy TG OOUNg Kot

Aertovpyiog evog Pnuatikov kvnmpa eaivetor oty Ewkova 4.1.

Oo mpémel va avapépovpe 0TL N yovio Pnudtov sivoar avaioyn mpog Tov apliud tov
dovtidv 1ov otpoéa (dpopéa). Ot Pnpatikol kivnmpeg o€ cOykplon He GAAOVLS TOHTOVG
UNYOVAV, €YOVV TO TAEOVEKTNUO OTL UTOPOLV VO TEPIOTPAPOVV UECH TMV EAEYYOUEVOV
YOVIOV NG TEPIOTPOPNG (=PMuata), pe HETABOAN TOV TOAUDV EVIOANG amO EVO KOKAMUO
«oonyo». Otav €xel epappootel €vog opiopévog apluog moipmv, o dafovag Oa €xet
neptotpoel Katd po opopévn yovia Etor évag Pnuatikdc kivntmpag ekBétetl Tig dproteg
Aertovpyikég 1010TTeG Omg elvar: m ypnyopn €vapén kol modon, Kol YEVIKO 1 aKppng
odfynon omAadn n eA&y&uun toyvtTo 1 B€0m, GOV AMAVINGY GTOVE TOAUOVG PnuUdTev

E1I0aYWYNS oL £QapUOlovTat uVNOME amd £va KATAAANLO KOKA®UA EAEYYOVL.

STATOR WINDING

SOUTH NORTH
Rotor Cup Rotor Cup
%. ",
— 3

1
3
[— P
§
1

Eixova 4.1: Ancixovion fyuatiod kivytijpa
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4.2 Kotaokev fnpotikod kivnmipo

H xotaockeun tov fnuotikov kivnmpov givor anAr. O otdtng eival to povo U g
UNYOVIAG OV QEPEL TLALYLOTA TOL OTTOl0L TEPLEAICCOVTOL GTOV TLPNVO TV TOAW®V Ol 0TToiot
gtvon o Cevyn kot mpoe&gyovv (éktumor). e kabe Cevyog ta TuAiypata tov kdBe TOLov eivor
o€ oelpd Kol TePLEMYUEVA KT TPOTO £TG1 OGTE TO £va va dpa ooV POPELOG Kal TO GAAO GOV
votog moroc. O potopag eivor eite €vag pdvipog poyvntng eite, omv mepintoon tov
UNYOVOV  HETOPANTAG MOYVNTIKNG avTidpaons, £€voag 00ovimtodg KOAVOPOS  UOANKOD

Loyvn ko LAKOU OTwg GaiveTal Kol 6TO TOPOUKAT® GYED1O.

o|Current  E pigise

Eiwova 4.2: Aewropspicametkovien fRuoticov KIvyTHpa.

e YEVIKEC YPOUUES UTOPOVUE VO TOVUE OTL O PNUATIKOG KIVIITAPOS Elval TapOUO10G e
gvav Kivnmpa cuveyovg pedpaTog wovipov poyvntov.To poyvntikd vAkd tov mupriva Tov
OTATN KOl TOV dpopéa givar og @OAAM 1 Kot €Viaio,omd poAakd odgpopayvntikd vAKo. To
HOYVNTIKG oLTE DAIKA TPEMEL Vo, TOPOLGLALOVY VYNAT HayVITIKY OlOTEPATOTNTO DOTE VO
OMUOLPYOLV LYNAN HOYVITIKT POT|, OKOUO Kl oV EQOPUOLETAL 0L YOUNAT] NAEKTPIKT TAON.
Ye MOAAEC MEPUTTMOOELS O TUPNVOS TOV GTATH KOl O TVLPNVAG TOV SPOUEN OTOTEAOVVTUL OO

erdopato cuvnBmg Kpdpatog yaivPa pe mopitio (Ewodva 4.2).

4.3 Eion Bnpotikov kivnmipov

H xataockevn tov otdtn pe 6Aa ta €i0M TV PNUatikdv Kivnmmpov givol kowvn. O otdtng
amotereiton and pio cvotoyyio atcdivev glocudtov (cuvnbog kpapa ydAvPa pe wopitio)
pe mpoeE€yovio TUNUOTO OTO OToio €ivol 1GOUEPMG KOTAVEUNUEVO TO TTedio TOV TOA®V,

ocuvnBmg 060V0, TPV N TEPLGGOTEP®Y LevymdV TOAWY. e kbbe (gVYOg 0 £vag TOLOG dpa Gav
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Bopetog kat to dALO cav vOTIog TOAOS. AVAAOYQ LE TNV KATOGKELT] TOV dpopéa, dtakpivoupe

TOL TOPOKATO €101 TOV PUOTIKOV KIVITHPOV:

o Bnupotwiéckivnmipoaguévipovpayvijtn - permanent magnet stepping motor (PM).

e Bnupotikég kvnmipoag perafintic poyvnrikig avridopaonc—variable reluctance
stepper motor (VR).

e Y[puwkdg pnpotikég kivntipoc—hybrid stepping motor (HP).

4.3.1 Bnpotikog Kivntipog HOvipov payvitn

Ot Bnpatikol xkwvnmpeg mov 610 dpopéa @Epovv €va UOVIHo poyvitn kododvton
Bnuotwotl xwvnmpeg pévywov poyvmy (Ewdva 4.3). O potopog eivor évag copmayng
KOMVOPOG UE «TUNUOTO» HOVIU®V HOYVNTOV GE EVOAAOYT, ONAadN Mo cuaTolion GVVHB®G
dvo, tecodpmv, £€1 1 okt® TOAwV pe evaihayr (BoOpelog-votiog). ‘Etol n mepiotpoen tov
POTOPOL EMTVYYAVETAL [LE TNV EVOAAXYT] TOV PEVUOTOC GTO TUALYLOTO TOV GTATN AAAALOVTOGC
OAadn t eopd tov payvnTikod mediov. O pdTOPAG TEPIGTPEPETOL GE GLYXPOVICUO LE TNV
oLYVOTNTO EVOAAOYNG TOV TOAUDV, EAEYYOVTOC TO HayvnTikO medio 1o omoio oymuoatifeTon

OTO TUALYLOTO TOV GTAT.

Apopéay
_y HOVIHOU
= HayvijTn

Ball bearings
Coil
(winding)
Rotor
(ates| core)
Stator

Magnet
{permanent magnat)

Flange
{aluminum dig cast)

Ewéva 4.3: Bypazikoskvyriipag povipov payvijry
H xoatackevn PéPara téroov €idovg kvntpa katoAnyel cuvnbmg o€ LeydAeg Ywvieg
Bnuotiopod - kivnong. [pémet va avapépovpe 6Tt 0 PUATIKOS KvnTpag LOVILLOL LoyVviTn
elvat €vag KivnTnpog YoUNANG POmNS, YOUNANG ToyDTNTOG KOl QUGIKA YOUNAOD KOGTOLS O

omoiog Pplokel epappoyn oe Sapopo med, Yo TAPAOELYHO OTOVS MNAEKTPOVIKOLG
37



VoAOYIoTEC. [ TOVg mopamdved AOYOLS, Ol KIVITNPES UOVILOV HOYVATN OTOTEAOLV Lo
WoVIKY €m0y v Tig un Propmyovikés epappoyés. Eivar ot mAéov ypnotpomolovpevol og

EKTUTIMTES KO YEVIKO GE UNYOVES YPOPEIOL.

4.3.2 Bnpotikoi Kivntipeg HETUPANTAS HOYVITIKIG OVTIOPAGS

Eivar ot mAéov O1adedopévol kol Toug GUVAVTAUE OTIS TEPLocdTepeg papproyés. Ot
Brnuatikol kvntpeg HETOPANTAG HOyVNTIKNG avTidpaonG KOTAOKEVALOVTOL e VAL KTUNLODY
Opopén 1 He TOALOTAG TUNHOTO OPOUEN TPOGOPUOCUEVE, GTNV 1010 dTpaxTo pe Tov POPELD
KOl TOV VOTIO TOAO VO EVOALAGGOVTAL, OTMG YOPOKTNPLOTIKA QAiVETAL KOl GTNV TOPOKAT®
Ewovas5.4. Mg v abdénon tov tunudteov emrvyydvetal n PeAtioon g amodidopevns
pOTNG, M LYNAN GLYVOTNTO TOAU®OV KOl TO UIKPO N pecaio yoviako Pripo.Ta vAwkd tov
OpopEN KOl TOV GTATN TPEMEL VO TOPOVGIALOVY VYNAN SOTEPOUTOTNTO DGTE VO dNULOVPYOHV
VYNAN HOYVITIKY pon), akOun Kot ov epopuoletarl po yopmAr nAEKTpKny Tdon. Xvyxvd o
dpopéag etvat U1 EAOGLOTOTOMUEVOG,.

O dpopéag avaykaletar va meplotpagel omd T S1€yEPOT TOL TVALYULATOG TOV KATAAANAOV
éktomov TOAOL TOL OTATN €101 MoTE KAmowo (evyoc mOAwv va gvbuypoppiotel pe tovg
EKTLUTTOVG TOAOVS TOL EVEPYOTOMUEVOL TULAIYHOTOG. XTOY0G €ivol 1M ghoylotomoinom g

LLOYVITIKNG OVTIGTOOTG OT1 S 0POLT TG LOYVITIKNG POT|G.

Apopéag paiakou oidripou

ToAypa oTdm

Eixova 4.4: Byuoatikog KivyTijpog HETOfINTIG HOYVHTIKIGS OVTIOPOGIG.
4.3.3 YBprowkoi fnpoatikoi Kivntipeg
Ot vPpdwol Pnuatikoi kvnmMpeg ovvovalovy To KVUPLOL  YOPOKTNPIOTIKE TV
TPOUVOPEPOUEVOV KIVTNPWV.O dpopéag amotedeital, OTmg Kot 6TOuS PrUotikods KivnTnpeg
UOVIHOV payviTn, omd HOVILOVG HOYVITEG GE HOPPN KLAIVOPOL. XTO AKPO TOV HOYVITAOV,
TPOCAPLOLOVTOL TULATO LE LOPPT) 000VIOTMOV TPOYDV. AdY® TOV EVOLAUECOV HOyVATY 0T

petatpémovrtal oe BOpelo Kot og vOTIo TOLO eVOAALE (Ewkova 4.5).
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Hybrid
Stepper Motor

Stater

Rotor

Windings

Permaneant
magnet poles
and metal teath

=< stator
Al

shaft

!

= |m =

| Armatura 2

=]

Ewova 4.5: Yfpiowxos fyuazinog kivyrypag

4.4 Apyn rertovpyiog

H yopoxtnpiotiky copmeptpopd £vog Prpaticod Kivntipo Ppioketol oty «Brnuoatikny
mePLoTpoPn tov Afovd tov. ‘Eva yoviokd Pruoa ektedeiton kdbe @opd mov pio VTOAN
ekteAeitar, onladn epapuoletor évog maApdg otov otdtn. H katackevn tov Pnpatikod
Kivntipa OnAadn o aptduog tov oAy, opilel tov akpiPn aplfpud Tov yoviokdv Pnudtov
TOV OMOITOLVTOL Yo ot TANPN otpoen tov d&ova. 'Etol mpokdmtel m ypron tov o€

EQOPUOYEG KIVONG OTNV TTEPLOYT TOV CLGTNUATOV AVTOLATOV EAEYYOV.

H Aertovpyia tov Pnpatikdv kivnmipov ompiletor oy Pacikn apyn Tov LoyvnTIGHOD:
OLMVLHOL pHaryvnTikol TOAOL omBobvTal EVE €TEPMVLOL payvntikol ToAol Edkovtat. Ommg
eoivetor kot oty Pocikn avamapaoTacn CTNV TOPOKATO €KOVA, 0 oTATNG €ival ot dvo
nAektpopoyviteg Al kot A2 evd o dpoupéag eivar €vog HOVIHOG HoyviTng onAadr| €xet

KaBopiopévn Kat otadepn opa LoyvnTikoy TEdiov.

Otav n moAkdTTe TOV PEVUATOG TOL JPPEEL TO TOALYLOL TOV GTATN Eival TETOLN MGTE O
morog Al va eivar o Bépelog moOrog kar o mOAog A2 va eivar Notiog, dnAadn n @opd tov

payvntikov mediovB vo eivar A1A2 tOte, 0 dpouéag veiotatal TV EMIOPUCT POTNG KO
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TePIOTPEPETOL Omd o Tuxaio BEom mpog ta de&d N mpog ta aplotepd (avdroya pe T B€om
T0V POpelov Kol VOTIOL TOAOL GTOV OTAMGUO)UEXPL Vo PPEL TNV KATAGTOGT 1GOPPOTIOG

onAadn v evbvypdpon TOV payvnTIKOV Tediov otatn Kot dpopéa (Prno Asttovpyiog -

yovio TEPIGTPOPNG).
A1 A2
))}‘rtl‘m; Omiwopoc Xratnc i i |
AL AT

Eixova 4.6: Asitovpyia avarapdetocns fuatikod Kivytijpo.

IMveton pavepd 611 1 d1dTaén TV Tvioy Tov otdtn (apBpds PAcE®V) Kot 0 apliuog Tov
dovtidv Tov dpopéa Ba kabopicovv v ywvia TePoTPoPN|S () TOL avTicToLyEl o8 KAOe Prpa

Aertovpyiog

v="2n/ (p*N) og aktiva
6mov p= 0 apBudc dovTimv potopa Kot N= 0 aptfudg pdoemv Tov ot

Ot Brjpatikol kivnipeg etvar tkavol va xeipiotodv yovio frpotog omd 90° €wg kat 0,72°.
H @opd meprotpoeng e€optdtatl amd v moMKITNTO TG TUALOIOTNONG TOV TUALYUAT®V TOL

oTdTN.

H Aettovpyia BéPara Tov Pripaticod kivntpa dniadn n toydTTd TV e€optdtan amd TV
SUOPOMOT TOV TOAUDV TNG TTNYNS oL ToV TPoPodotel (Ewova 4.6). Ot modpol mov £yovv
™V ©poAoylakn eopd Bempovvtor ot eivan Betcol (+), evad Bewpovdvtar apvntikol (-) avtol
oL £Yovv TNV avti-@poroylokn opd. ‘Etcl, avd mdoo otiypr], 0 cuvoAKog aplBudg twv
TOAUDV €lval YVOOTOS, EMOUEVMOG, O GLUVOMKOG aplBpdc meploTpoPdv Tov Gova eivar
Yvootog pe akpifela evog Pripatoc.To 1codbvapo KOKA®UO €vOg Pnuatikod KvnTipo
eaivetal otnv Ewova 4.7. To 10000vapo khkiopo g kabe pdong tov otdtn eivon £vo mnvio
o€ ocpd pe wo avtiotoon. Katd m Asttovpyia Tov kivnthipa epoavileTon Tdom amd emoymyn

(HEA) o710 toAtypa mov emdyetatl Ady® g TEPIGTPOPNS TOV dPOUEDL.
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Eixova 4.7: To 16000vauo koKkiwpua uiag pacns fRuatiod KivytHpa

4.5 Agrtovpyia «piecov» frjportog

H emkpatéotepn ypnon tov Pnuotikod xKwvntipo €ival 1 HETATPOTN TNG WYNOLOKNG
€16000v o pnyovikn kivinorn. Otav éva ynowokd oo mToARod €164yETOL 6TO PnuaTikd
KIVITHPO, O OTPOQLNG TOL TEPIOTPEPETAL KATO [l otafepn yovia, OnAad Mo yVoOOT)
fnuoatikny yovie 1 yovie PApatoc. H dvvatdmta evdlduesov Pnuoaticpov, m.y. Hoov
Bruatog €ivor ONUOVTIKY] AEITOVPYIKN 1KAVOTNTO €VOC PnUatikov Kivnmmpo 10iog oTtov
ynowkd topéa. Xmv aAiniovyic oynpdtov mov axoAovfel, PAémovpe po KoAvTEPN
AVOTOPACTACT TNG TEPLOTPOPNS TOL OPOUEN E€VOG LOVOTOAMKOD BMUOTIKOD KwnThipo He
fnuatiopnd piood Pruatoc. H Aertovpyioa avtr] onuaiver O6tL gvepyomolovvtal dvo

NAEKTPOUOYVITEG TOAVTOYPOVA YOl VOL TETVYOVUE TaL evoldpueca Pripota (Ewkova 4.8).
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Eixova 5.8: Avamopadoracn tis mepioTpopijs Tov opousa evog Hovomolikov fRUaTIKOD KIVRTHPO GE ASITOVPYIA «HIGOU)
Priparog

4.6 XopoKTNPLOTIKES AELTOVPYILOG

[Ipdkettar yio TN YOPOKTNPIOTIKY POMNG - TOXVINTAG TOL Pnuotikod Kvntipo.
Awkpivoope 6V0  AEITOLPYIKES KOTOOTACELS KOl KOTO GUVETEWL OLO YOPOKTNPLOTIKESG
KOUTOAES:

e Tn AertovpyiKn| KATACTOON EKKivnong - axwntonoinong (start—stopmode).

o Tn Aertovupyikn KOTAOTOGT GLVEXOVS TEPLOTPOPIKNG Kivnong ywpig Slakpitovg

¥POVOLS ekKkivinong Kot aktvntomoinong (Slewmode).
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2y Ewoéva 4.9 angwovifoviat ot YapakTnpioTikég pomngs - ToyOTNTOG Yol TIS VO OVTES
Aertovpykég kataotdoels. [apatnpodpe O0tL 6e kdbe KOTAGTAON 1| POTN UEUDVETOL UE
avénon TV GTPOEAV. M YoPOKTNPLoTIKY 1 avtictoyel otnv Katdotaom ekkivinong -
OKIYNTOTOINGNG, M KOUTOAN 2 €ivor yio TNV 1010 KaTdoToon AE1Tovpyiog aALd pe ovénuévn
@oOption Tov Kvntpo. H kopmdin 3 sivor n Katdotaon cuveyohs TEPIGTPOPIKNG Kivnomng.
Inuewdveton emiong 6t | pomn o€ Evov Pnuatikd Kivntipa givatl aviAoyn Tov peOUATOS TOL
OTATY Y10 TIG TIES TEPITOV LEYPL TV OVOLOGTIKN TOL TN (YPOUUIKY TEPLOyN]) Kot av&dvetan

Myo yuo peyaA0TEPEG TYES TOL PEVUOTOC (TEPLOYN KOPEGLOV).

[No v emtdyovvon 1 v emPpadvvon lval amapaitntn n avénon M N peioon avtiotoryo

™G oLYVOTNTOG TNG TaApodoTnone. H katdotaon avtr ovopdletot 0o ynon pe pauma.

: % E "._ curve 1\ curve 3
\‘:
n L i 4 T 1
(4] 200 400 500 600 BOO sps
—=- speed

Ewova 5.9: Xaparxtypiotiky pomijs-taydTntag Tov fuatikotd Kivytijpo

Yrdpyet évo avdTato 0plo GTNV GLYVOTNTA TV TUAUDV TNG TAONS TOV GTATN, OGTE O
dpopéag va pmopet va axorovbei pe akpifeta toug Taipovg. Otav Eemepaoctel 10 6plo avtd, o
Kvnmpog ybvelr Pupota (amocvyypovifetor). LIy mTEPIMTOON OLTH €ivol omapoaitnTo va
OTOUOTAEL TO £VO PO TPV TPOYWPTNCEL GTO EMOUEVO Pria, EMEWN UOVO £TGL O KIVITIHPOG
dwnpel tov  ovyypovicpnd Ttov. Zwnv Ewova 4.10amotumdvetor M yOpOKTINPIOTIKY
POTNG-TaYVTNTOG TOV PNUOTIKOV KWNTHPOV TEPIAAUPAVEL dVO KOUTOAES, TNV KOUTOAN
CLYYPOVIGHOV (EKKIVIONG-TEIMONC) Kot TNV KOUTOAN amocuyypoviopol. Avtég ywpilovv to
LAY PO POTTNG-TOYVTNTOS GE dVO TEPLOYEC.

& XtV mpad™ £KTOG amd To onueio Asttovpyioc/cuyypovicpov opileton kot 1 mTEPLOYN
eAEYYOV, O O KVNTNPOG UITOPEL VO EKKIVIOEL, VO GTAUATNGEL, 1) VO 0ALAEEL POPEL e
éva, uOvo TOARS. XtV TEPLOYN LT, O KvNnTNpog pmopel va epydaletor cav otdTaén

eréyyov Béong avorytov Ppodyov.
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Ewxova 5.10: XapakxtypioTikés ponng aTpopav yia. fuatikovs KivyTijpes
4.7 XopoKTnpProTiKa peyétn

Ta yapaktnprotikd wov yapaktnpilovy Tovg Prpatikovg Kivntipeg ivor:

[ Tayvmmra

H toydtra Pnpatiopod ekppdletor oe fripata ava devtepdiento, BAA (stepspersecond
- sps). Mmopet va exkepdleton kou og Ppato avé Aemntd - BAA (stepsperminute - spm).O
péyiotog appog BAA eéaptdrot (avtiotpdQme avaioya) amd TV pomn Tov pOPTIOL KoL TNV

adPAVELDL TOL GUGTILLOTOG.

"] Pomn

MetpiétanceNm (Newtonmeters). Eivar n pon] mov mopdyet o Kvntipag oTig Stipopeg
TaOLTNTEG MEPLOTPOPNS Tov. H péyrotn tyun pomng kdbe kivnmpa, mov ovoudletol pomn
aKwnronoinong, €ivor m pomn mov Tapdyel OTAV TO QOPTIO MOV AvVTIHETORILEL eivan TOGO
peydro, dote va tov akwntonolel. H pon mov avantdccsetot dtav o dpopéag petaxveitot

Katd évo Pripo ovopdleton pony| petakivnong (pull-overtorque).

] Taon hertovpyiog

Metpiéton oe Volts kot eivor n i mov pémel vor €L TNV TAGN TPOPOSOGING DOTE O
KIvntpog vo Agttovpyel cmotd.Onmg avaeépbnke vtapyet £va oavdTaTo Oplo 6T GLYVOTNTA
TOV TOAUDV TNG TAONG MOTE 0 dPOUENS Vo UTOPEL va 0KoAOLOEL e axpifelo Tovg TaApNOVG,
dniaodn va cvyypoviCetat. Otav Eemepaoctel T0 Oplo avTO, 0 KVNTHPOS Yavel Prinata dnAad|
amoGVYYPOVILETOL Kot KPIVETOL AmOpaiTTO VO OTOUATAEL TO £va Lo TPV TPOYM®PNGEL GTO

EMOLEVO POl Y10 VOL SLOTNPTGEL TOV GLYYPOVIGLO TOV.
1] "Evtaon Tov pedpotog
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Metpiétar 6e Amps kot givor 11 €vToon Tov PELUATOG TOV JLAPPEEL TOV KvnThpa OTav
avtdg Aertovpyel.H éviaon avtn givar avaioyn tov goptiov Tov kKivntipo. H gddyiotn tiun
™G OVTIGTOLXEL OTNV €AeVBEPN «TTEPIOTPOPT» TOL KvnThpa (Ywpig optio). Edv o kivntipog
&xel poptio M TN ovtn avéavetal. o kdmowo TIUn Tov EOPTIOV 0 KIVINTAPOS CTAUATE Vol
TEPLOTPEPETOL, AOY® TNG HEYOANG OVTIOTAONG, OTOTE KO 1] TIUN TNG £VTOONG TOL PEVUOTOC
peyotonoteitar. H péyotn ovty typn elvor éva omd To GNUOVTIKA YOPOKTNPIGTIKE TOV
KIVNTAPO OV TPENEL VO €ivail YVOOTO Yyl T 0OGTH €TA0YY TG TPoeodosiag tov. Otav o
KIWWNTAPOS GTOUOTAEL, YPEGLETOL VO TOPAUEVEL EVOL PEVUA GTO TEAELTOIO TOAMYUO TOV £)EL

deyepbet, £161 doTE 0 dpopéns va kpatnbet otabepdc atnv Bon Tov.

4.8 Eleyyoc Bnpatikov Kivnmipa

Onwg mpoavaeéptnke ot Prnuotikol KvnTipeg dPEPOLY MO TOVS YVOOTOVG TOTOVG
kivnmpov (DC kot AC) o610 0Tl TPOPOSOTOVVTIOL UE TOAUOVS Kol TOPEYOLV NAEKTPIKN
kivnon. O d&ovag Ttovg OHmMG O0ev TMOPAYEL UL CLUVEX TEPLOTPOPIKY| Kivnom, AL
TEPIOTPEPETOL KOTA o optopévn yovia kabe @opd mov déyetor €va moApd. AnAadm
UETATPETEL TOVG YNPLOKOVS TOALOVG 6E punyovikod péyeboc-0éom aloévov. H mepiotpoen tov
Kvnmpo €xel o dpeon oyxéon pe tov oplud TOAU®OV €160d0VL, Gpo M TOYVTNTE TOL

ovoyetiletol pe TNV ToOTNTO TOV TOAUDY.

Ot PBnpatikol kKwvntipeg etvor amhoi, otiPapoi, agldmoTol Kot ¥PNGLOTOIOVVTIOL Yo
OVOIKTOUG M KAELOTOVG €AEYYOUEVOLS PBpOYovg cLOTNUATOV €AEYYOVL. AOY® NG EVKOAMOG
YPNONG KOt TIG ATAEG OVAYKES EAEYXOV KOt TOV akpPny EAeyyo, o1 fnuatikol ypnoiporotodvol
oLVl oe eQAPUOYEG HETPNONG Kot EAEYYov. Me évav Pnuatikd kivntipo givorl duvatdg o
EAeYY0G ™G TOLTNTOG Kot NG 0éome petakivnong tov @optiov Omwg Bo avaivbel oy

GUVEXELL.

Ot Bnuatwcot etvon kivntpeg vynAng axpifelag mapovoidloviag cedipo yoviag 0Eong
xapmAdtepo amd 5% ywpig avtd va eivor abpoiotikd pe tov aplfpd tov tepiotpopav. Emeion
0 KWWNTNPOS OTPEPETAL HOVO KOTA SKPLTd Yymviokd Prpate, o SpoUENs EmTAYOVETOL KoL
eMPPadvveETOL GLVEXDS, aKOUN Kot Otav eaiveTat va TeploTpépetal e "otabepn" TayvTnTa.
2V TpoyoTikOTNTA 1) TOYVTNTA 08V £ivon otabepn, aAdd petodAieton maApkd. Teaka Eva

ovotnua eEAEyyov mov Pacileton o PNUaTIKO KvnTpa £XEL LEPTKE TAEOVEKTILOTO OTTOGC:

e Agv amorteiton ovadpaon Yo Tov EAEYXO TOYVTNTOG N Yo TOV EAeYY0 BEomG.
o To cpdipa Béong dev eivan aBpo1oTIKO.
o O Pnuotwkoil Kivntpeg eivar cvopPatol pe yneokd EOTAMGUO TOV NAEKTPOVIKMV

VTTOAOYIOTMV.
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4.9 'Elegyy0g avoikTov poyyov

H péBodog avoiktod Bpdyyov ypnolpomoleitor cuyva Yoo Tov EAEYX0 TOV PNUOTIKOV
Kivnmpov. Metpdvtag tov aplfud Kot Tig EVOAAAYEG TOV TOAUMY TOL ATOGTEALOVTAL OO
TOV EAEYKTN TTPOG TOV KvNTNpo, Uropel va vmoloyiotel n B€om tov Kabe ypovikn| otiyun. Agv
ypewaletal dNAadn va vrapyeL avadpact TAnpogopiog and Kamowov aictntmpa BEong mpog
TOV EAEYKTY, KATL OV &lvol omapoitnTo oTovV EAEYX0 KAEWGTOU Ppoyyov.Me amid Aoy
opwopévog apiuog Pnudtov Ba €xel cav anotélecuo o dEovac Tov Pnuotikod Kivntipa vo
TEPIOTPAPEL GE U0 CUYKEKPIUEVT] YOVIA, YOPIG KATOL avaTpoPodOTNON TANPOPOpiag amd
tov Géova. Etol Eekwvavtag amd pio 0éon pmopolpe, HETPOVTAG TOV aplBud Kot Tig

EVOALOYEG TV TAAU®V, VO, VTOAOYIGOVLE TN €01 TOV GVGTNUOTOC GE KADE YPOVIKN OTLYU.

4.10 "Eleyyog kAeroT00 Ppoyyov

O €ékeyyog cvviotdtan ot pLOLST TG ToLTNTOS Kot TG B€omg Tov Kivntpa. H pvbuion
avt Paciletor og éva onua avadpaong (feedback). Xtnv Ewova 4.11 eaiveror n dopn evog
OAOKANPOUEVOD SLOYPAULOTOS EAEYXOL TOYVTNTOG HE EVOS PHLOTIKOD Kot O)L LOVO KLvNTHPa.
To ocbomua avtd diver v dvvatdtnTa AEyYov ™G BEong oAAG Kot TG TaLTNTOG TOV

Kvnenpa.

Power supply

h

Nret /\ v v
Tor Speed Po t
SEERE o RN DC Motor LOAD

Controller Converter

Nact

Feed Back

Ewxova 4.11: Aoun cvetijuatog EAEyyov tayvTnTos Kigletov fpoyyov (close loop velocity system)
Ta Bacucd pépn Tov KAEWGTOD GLGTNUATOG EAEYYXOL Elva:

Elgyktnc - controller

KaBopiler ) Aertovpyio tov Kivnipo 0€tovtag Tig mapapéTpoug Aettovpyiag OmmG
TayvTa, Katehbvvon, amdotacr, puOudc emtdyvvong, emPpddvvonc. Tn Asttovpyio Tov

eléyyov pmopel va avordfetl o kevipikdc H/Y avtopato 1 HECH TEPUPEPEIOKDY LOVAI®V

eEumnpétnongc.
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PowerConverter

Metagépel TV amopaitnn eVEPYELD Yol TNV AEITOLPYIDL TOV KWNTHPO aVAAOYO LE TO.

ONLLOTA YOUNANG 1GYVOC TOV OEYXETAL OO TOV EAEYKTN.

Feedbackloop

H Aewrtovpyio avddpaong amookomel oTov cvveyn EAeyy0 TV &vioA®mv Béonc kot
ToYOTNTOG 7OV OIvOVTOL TTPOG TOV KIWNTNPO, O ONOI0G TPOKLATEL GO TNV GUYKPIOT NG
Tapovoog Kot emBuuntig Kotdaotaons Pdost evoc adyopiBpov eréyyov, Kot didet TIg EVTOAES

oto drive tov PowerConverter.

4.11 Me€BodoLroyieg Aettovpyiag

Apopd TIc 01Gpopeg CLVOEGHOAOYIEG TV TUAYHAT®OV TOL GTATH Yo TNV EMITEVEN TOV
EMOLUNTOV  YOPOKTNPIOTIKOV Agttovpyiag (pomn, ToyxdINTO, @OPA TEPICTPOPNG) OF
ocvvovacud PEPata Kol pe TV TOYOTNTO EVEPYOTOINGONG TOV TUAYUATOV VTV (Bnuotikdg
pLOUGG). Zvyva avaeépetal Kot cav pebodoroyio 0dnynong 6pog o onoiog Oa ypnoyomomOet

KOl GTNV GUVEYELO.
Ot tpdmot 00 yNoNG HOL YpNcIoTotovVTaL cVVNHBWS givat ot e€Ng:

e Oonynon R-L

e MovomoAikn 0o ynon
® AimtolMkn odnynon

e Oodnynomn KoTaTUNTOon

Ot Pnuatwcot Kivntpeg mov olartifevror otnv ayopd Eexympilovv apyikd amd to TAn00g

TOV 0KPOOEKTAOV OV Pyaivouy amd avtoig.

H Poown xotackevn 1 O0@opetik@ o Pootkdg TOTOG TOL Pnuotikod KvnThipo
nepthapPdvel Svo TVAlypaTo OTTMG YopakINPoTiKd ociyvel 1 Ewova 4.12.a (4- leadmotor).
210 oyNUa aVTO, O KIVIITHPOS TEGCAPM®V EEMTEPIKMV OKPOOEKTAOV Uopel va ypnoyomomOet
v duroAkn) Aettovpyia. o v Aettovpyio avth o Tpénetl To peda va péel EVOAAACTOUEVOL
oTO TUATYHOTO. ONACOT TO TOAYUO OTOLTEL VO GLVOEGELS. ZVVETMS TO NAEKTPOVIKO KOKA®LLOL
odMynong Ba mpémel va avTioTpéPeL TV Téon tov KAbe TVAlypatog cuveyws. Eva tétoto
KOKAOMO emttvuyyavetal pe 4 tpaviictop e GuvOEGHOAOYIN YEQUPOG.

Ymv emopevn Ewova 4.11.5 o fnpoticodg kivnmpog o1o0€Tel S akpodEKTEG KOl ECOTEPIKEL
Bpayvkvuklopéveg petald tovg TS pecaieg Myelg Tov ToAypdtov. O Kivntpog ovtog
umopel va xpnoomotnfel yio LOVOmoAIKn Agttovpyio. TNV TEPIMTOON OVTH 1 pesaio Ay

ovvdéeTal 010 BeTIKO SLVOUIKO TNG TNYNS TPOPOdoGiag. Avdioyo pe mo emaen (apyn M
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TEA0G) TOV TUAYLATOV cvvdehobv pe v yelmon €yovpe pedua 6To OovTicTolo HGd Tov
TOMYHOTOC. ZUVETADS TO NAEKTPOVIKO KOKAMILO TOV OOUTELTAL Yot TNV 00nyNnon sivol amiod

Kot ETapkovv dvo tpaviictop.

Me 6 axpoodékteg (Ewkdva 4.12.y) emrvuyydvoovpe: HovoToAkn Asttovpyio Tov Pnpaticod
KWWNTApO oV Ol pecaieg cuvoehovv HeTa&d Toug (5 akpOOEKTES), OIMOAIKT AEITOVPYiO OV OL
pecaieg Ayelg mopapeivovy acHvoeTes, 0mOTE 01 S0 TEPIEMEELS TOV TUAYLATOV GLVOIEOVTOL

o€ oepa.

Ymv mepintwon tov 8§ (Ewovad.12.0) akpodektdv Hmopel vo €YOVUE HOVOTOAMKN
Aertovpyio pe v dnovpyio pecaiog AYne oe kabe TOAYHO. Av o1 dV0 TEPLEAIEEIS TOV
Ka0e TVAlyHaTOG GUVEEBOVV G GEPd 1 TapdAANAa, dnpovpyovvTal 600 Levyn AKPOSEKTAOV

éva yuo kaBe TOMyUa omdTE 0 KIvTHPOG itopel va 0dnyn0el Surolka.
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Eixova 4.12: Baocikég covoeouoloyics fypotikev kivyptipov ue (4,5,6 kot 8) kalddia

e Oofqynon R-L

H Aetrovpyio/odnynon R-L, givai n o amir poper 61060vEECTG TOV KUKAMUOATOS 16YV0G

Kot gaivetar oty Ewkova 4.13Kot ¥pnoLoTolEiTol AmoKAEIGTIKA Yo YOUNAES 1oYOG.

To woxkAopo 1oyboc meprthapfPdvel pio aviiotoon oe celpd cuvoedepévn pe to kabe
TOALYLLO TOV GTATY. AV ¥PNCULOTOMGOVUE TOAUS pE EQapprolopevn Taon (Tdomn TpoPodoaciog)
10 @opég TNV OVOUOCTIKT TAOT TG UNYOVIGS, TpocBétovtag o oelpd avtictaon IR, 10 pevpa
Bo pBdcel oto 1/10 tov apykod ypdvov ywpic va exnpedleton n puéytotn . Etol Oa
mapovpe "aueon" meploTPOE] TOL KvnTHpa (Ypnyopm amokpion). Omwg o mapoOpoleg
puebodoroyieg (mpocsOnKn avtictaong o€ CEPA HE TO TOAYUO) VTAPYEL TIUNUO Yoo TNV
ypyopn oty andkpiot). Ot eMTAEOV OVTIGTAGELS TOV GLVOEOVTOL GTO TUALYLLOTO TOV GTATY
onuaivouy avénuéveg omdieleg oto KOKAopo (YounAn omddoom). Emumdéov amorteiton

TPOPOOOTIKO peyoldTepnS 1oyvoc. o Toug Adyovug avtovg 1 odnynon R-L ypnoyonoteiton
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LOVO G EPAPUOYEG YOUNANG 1GYVOC, YL VO TETVYOLUE YpNyopn/duecn omdkpion otnv

TEPLGTPOPT] TOV SPOUEQL.

10V ‘
L R R |
o — VWV ANV 0
- 10 - | ¢ A

V

10V
g —

Ewova 5.13: Apyij oonynong Aeitovpyias R-L
o Movomoiiki] 001y 061

Ovopaletar povomohkn ddtaln yati To pedua TOV 6TATH AOY® SOUNG TOV KUKAMUOTOG
dwtmpel povo pe eopd. Eivoar m mo amA poper] KuKAGOUOTOG 16Y00G, omotel Opmg
KWWITAPEG TOL €YOLV TOAMYUO OTATN UE OUTAN Omeipa TUATYUATOC o€ KAOE TOAO OmOTE 1 U
EVOALOYT TOL PEVUOTOC TPAYLOTOTOLEITOL UE TNV UETOPOPA TOL GTO OEVTEPO TLALYUAL,
onAadn tolyua pe pecaion Aqyn. H tdon tpogodociog spapudletor peta&h g pecoiog
Mymc Kot evog amd toug eAeVBEPOLS 0KpodEKTES TOV TUAYHatoc. To pedpa kabopiletar amd
™V ovTioToon TOV TVMYRAT®V Kot omd TV Taor Tpopodosiog, OTme eaivetal otnv Ewova
4.14. H @opd mepriotpo@ng tov dpopéa e€aptdtor amd TO TO0G 0KPOOEKTNG GUVOEETAL LLE TNV
TPOPOJOGiaL.

Elvor pe amd odnynom, mov OUmG €xEl TO UEWOVEKTNUO TNG TUNUOTIKNG QPO pun
«OTOdOTIKNG ¥PNONS» TV TVAYUAT®V ToL Kivntipa. To kKhkAmpa avtd 0d1ynong Aettovpyst
amodoTiKd og youniots Prnuotikovg puBuovs. Oco avédvetor | ToybLTNTO 1| POTN LELDVETAL

OPOLOTIKA.
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Ewova 4.14: Zotnua eASyyov fuotikdy KIvpTijpmy — HOVOTOAIKI] 001jynon

H povomolkn odnynon umopel va mpaypotomondel pe tpeig peboddovg: povig @dong

(simplephase 1} wave), oitAng edong (two - phase) kot pcov Prpatog (half - step).

o AuwoMKNg 061 yNoNGS 1] OWTANG PaONS

['o va metdyovpe koAvTEpO amoteléopata (ponr), TayvTnTa) ypnoonoteiton  nébodog

™G SUTOAIKNG 00N YNONG GE GYNUA YEQLPOG. ZTNV TEPIMTMOOT ALTY], TO TLAIYLLATO TOV GTATN

dev ypetdletan va éxovv pecaio Ay (Ewova 4.15). T'a vao oAAEEer 1 popd TtepIoTPOPNS
apkel vo aAAGEEL popd To pedpa kot ot dvo pacelc. H pébodog avtr odnynong mopdyst

HeYOADTEPN POTN, WOIOC OTIS YOUNAES TOYOTNTEG, OAAQ MAEKTPOVIKA €ivol TEPIOCOTEPO

TOAOTTAOKEG.

—o— Vi

=
(]g TR
-
1 TR2

TR3 |@ |
K
TR4 | |

—e— ()

Eiwxova 4.15: Aiwolixny oonynon fyuatinod Kivytijpo.
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H odwmolwn «ivnon pmopel va mpoypatomomBel pe tpeig pebodovg: povig @dong
(simplephase 1} wave), outAng edong (two - phase) kat pucov Prpatog (half - step).

Hoapdderypa Srwolkng 061 ynong SutAfis @daong

H duolkry odnynon dumAng @dong eivar n péBodog 0dnynong mov ypnoyLonoteitol
ouyvotepa. T mopddstypa  otovg  odnyovg  evkaumtov  diokwv  (floppydrives)

yPNOOTOLEITAL Y10 XPOVIQL.

2ty odMynon SANG eAcNS To KUKAMUA EVEPYOTOLEL TOLTOYPOVA KOl TO. OLO EEXMPLOTA
TUALYHOTO TOV GTATH, UE OMOTEAEGHO O LOVILOG LOYVITNG TOL SPOUEN VO OKIVITOTOLEITAL GE
wo Béon avapeco ota 2 evepyomomuéva TuAlypoata. Av ovoudcovpe T dKpo TV Lo
oaypdtov Al-A2, B1-B2 onog oty Ewova 4.16, 1018 TPpOoKeéVOL va. OTPEPOVIE TOV
Kivntpa Kotd éva Prpa ) @opd mpog pio katehBvvon, Oa mpémel va TpOPOdOTOVLE TO.

TUAlypata OTmg eaiveTat otov Tapakdto ITivaka 1.

Stepper motor

Bl‘ |BZ

Eixova 4.16: Aitmwolikij 001ynon o1miyg paons

IMINAKAZX 1: Z0vdeon akpodektdv Tolyudtov A1-A2 & B1-B2

AprOuocpiparo

- + + -
+ < + -
+ - - +

Ynueioon: Me - cvpporilovpe tov apvntikd akpodék (m.y. GND) kot pe + to Oetid (m.y.
VCC)'

O napondve [Mivakag 1 pog delyvel tog mpémet va ToAmBodv Ta TUAMYHOTO TPOKEUEVOL

va &yovpe odnynon dming edong. Onwg mapatnpodue o kdbe Pripa eivarl Tolmpéva Kot o
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dvo toAiyparto. H dwdikacio eravarapfaveror petd and téocepa Prinata. ‘Etot av BElovue
VO TEPIGTPEPOVLE TOV KIVITIHPO GLVEXMDG TTPOG pia katevBvveon Ba mpémel va akolovBovpe 10
mponyovpevo potifo aveAlmwg. Topa ov akolovOncovpe axpifodg v avtioTpoen
OAANAOLYI0 OKPOOEKTMV TOTE O KWWNTNPOG TEPICTPEPETAL AVTIOTPOPA. AV HETA amd Evav
TaApo (step) Pprokdpacte oty kotaotaon omov Al=-, A2 = +, Bl1= - xou B2= +16te amia
aAlalovtag v molkdtnta v Bl ko B2 (Stutmpdvtag v moAwotnta tov Al kot A2) o
Kivnmpog pog 0o ektedécel éva Prpo mpog o Kotevbuvon. Av dpwg aAlddovps v
molkdtTa TV Al Ko A2 (dratnpdvtag topo v tolkotnta Tov Bl kot B2) o kivntpog

Oa exteléoel Eva Pripa Tpog v avtifetn KatehBvuvon K.0.x

Av mpocé€ovpe kKaAd tov mivoka 1 Oa damictdoovpe 0Tt KaBe popd 1o A2 givar avtibeto
0V Al, 6nwg kot to B2 avtifBeo tov B1. Avtd onuaivel 6ti dgv €xovpe TE00EPIC O10POPETIKES
Kataotdoelg oAAd dvo. Emedon 6Aa ta FlipFlop mapéyovv kot v cvuninpopotikny é£0do
ovvemdyetor 0Tt apkodv povo Ovo FlipFlop yuww tv vlomoinon 1ov KLUKADUOTOC.
Avtikafiotovtag to cOpPoAa - kot + pe g dvadikng Aoywkng 0 kot 1 Tpoxvmtel o enduevog

nivaxag (ITivaxog 2) akolovBiog moipumv A kot B avtictotya.

ININAKAZX 2: AxoAovBio moipadv

A

=]

- O
S == O

1
2
3
4 1

4.12 ITA€OVEKTILOTO- LELOVEKTI LA TO

To mAeovekTHOTA TOV PNUOTIKOV KynTpoV gival:

e 'Eyouv efoupetikny amdkpion otV  ekkivinon tovg. Emiong dev amatteiton pnyovikd
Qpévo Yo TNV emPpaovvor Toug,.

o O Pnuotkdg kvntpag Otav Ppioketol 6€ KOTAGTAOT OKIVNGIOG OOKED LOyVNTIKN
dvvaun oto pOTOpa, TOL OEV TOV EMITPEMEL Vo TeEPLoTpaPel erevbepa (epocov Ta
mnvio tpo@odotovvtan pe pevua) Ewkova 4.17 Etol, oe avtiBeon pe toug Kivnmmpeg
oLVEYOVG PEVUATOG, OEV YPELALOVTUL PPEVA Y10, VO LEVOLV aKiviTOoL.

e H oamdkpion 1oL KvNTpa GE EGEPYOUEVOLS YNOLOKOVG TOALOVS divel v
dvvatdtto eAEyyov Avowktov Bpdyyov (OpenLoopOparation) pe peydin okpipeta,

K@vovTag Tov Kivntipo eukoAdtepa kot pONvotepo eAéyEyo. Ia tov Edeyyo avotkton
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Bpoyov dev yperaletar vo vLApyEL AVAOPUCT) TANPOPOPING GTO GUGTNLA EAEYYOL Yo
M 0éom Tov GLOTNUATOG, KATL TOV €lval amapaitnTo 6TOV EAeyY0 KAEGTOV Bpdyov.
Avto onpaivetl 6Tt amopevyovtal £0da Yo akplPovg acOntpeg BEong Kot GLOKEVEG
avadpaonc. H Béon tov cvotuatog pumopel edkoha va vwoloyiotel oe kébe otryun
av Kpatovvtol mg dedopéva ot eleepydpevotl maApol otov Kivnmpa. ‘Etot Eexvavtog
amd o Béon umopel, HETPOVTAG TOV aplud Kot TIG EVOAAAYES TOV TAAUDV, UTopel
Vo VTOAOYIoTEL 1] €01 TOL GLGTNUATOG € KAOE YPOVIKY GTIYUN.

o O petakvnoelg etvar axpPeic xkabmg o Prpaticodg kvnpag £xel akpifela Emg kot
5% o¢ kabe Prpo. Aniadn peydin axpifeia Béong ywpic cuGcOPELTIKY aTdKAIOT.

e O Pnuotikog KvnTHpo UTopet vol ETLTUYEL TOAD YOUNAES TOYVTNTEG TEPIGTPOPTS.

e Eivar modd afdmiotog Kabdg yioo TV Agrtovpyict Tov JEV AMOITOLVTOL KIVOOUEVES
NAEKTPIKES EMAPES OMWG OTOV KVIITHPO cLuveXoLg pevpatoc. Emopévac n (oM tov
Kvnpa eEoptdtat poévo amod ) Lon Tov £dpdvov KHAoNG.

® XTI WKPES TaYDTNTEG TMEPIGTPOPNG, OAAGL KOl KOTQ TNV EKKIVOT TOL TOpPAyel
HEYAAEG TIEG POTIYG.

e Eivai gvxoAn n dtacvvoeon kat 0 EAeyyog Tov amd pikpoenelepyaoty|, o€ avtibeon pe

tov Kwvnpeg DC.

Eixova 5.17: Byuatikog kivntijpag

To petovektipata vog Pruatikod Kivntpa givot to akdAovda:
e Agv givar €0koAn M Aettovpyia ToV 6€ VYNAES TaXOTNTES.
e H Aettovpyia Tov kivnmipa pmopet va etvar Wwaitepa Bopufadong edwkd edv avtdg dev
eAEYYETOL GOOTAL.
o Koatd v petokivnon goptiov peyding ndlog pmopel vo unv oTOUOTNOEL okaploio O
KvnNTpog, Aoym e auEnuévng adpavelag.
e FEivor oyetwkd addvapog yw to péyebog tov. H dmapén tov ¢oawvopévov tov
LOyVNTIKOD KOPEGHOV Kot 1 ovaykn wHEng eivan 1 artio yio tnv omoio £(ouv younio
AOY0 1000¢ TPOog PApog pnyavie.
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4.13 Oonyog avayvoprones fnuatikod Kivntipa
®  ATOMKOS Kivi|TI|pOS

‘Evag dutoAucog kivntipoag (Euwova 4.18) dwabéter tuiiypata ota omoio 1o pevpa péet
mpo¢ T pio katevBvvon kot otV cvvéxel mPog TV ovtifetn kotevBuvon OnAaom
evalhacoodpeva. Avtiy n por] peduatog dnuovpyel éva poyvntikd medio to omoio emiong

aAAGCel KatevOLVOT e OTOTELEGLOL TV TTEPIGTPOPT] TOV KIVITHPOL.

Bipolar Stepper Motor
Al

NMB-MAT
PM255-048

B1i B

Eixova 5.18: Aitwolixés kivytijpog

To TOMypO €VOG OIMOAKOD KIVNTHPO amoTeEl SVO GLVOEGELS Kot TO KOKA®Ua 001 ynong o
TPEMEL Vo, €L TN OLVOTOTNTA VO TEPICTPEPEL GLVEYMG TNV €pappolopevn taon. o tov
okomd avutdv, amorteitor €vo KUKAoRo pe Ttéooepa  TPaviioTop G  GLVOEGLOAOYiO
véopvpac.Eivor yvootd ot évag Pnuotikdg kivnmpag dtabéter dV0 TOLAGIGTOV TUALYHOTO
otat. 'Etot. 6tav évag Pnuatikdc kivntipog 01a0étel T€00epelg akpodEkTeg elvatl oxeddv
olyovpo 0Tt givarl dumoAkdg. O EAeYY0C TV TLAYLATOV KOl Ol OTapOiTNTEG GUVOEGELS OTIV
nepintwon avt) eaiverot oty Ewova 4.19. To éva TOAYHO GLUVOEETOL GTOVG SVO OKPOOEKTES
ggooov my. A, B tov tpo@odotikov - yépupa Kot T0 GAAO G6Tovg dAlovg dvo C, D. H
OVTILETAOEST] TV GUVIEGEMV GE £va (TPMTO) Ao TO, VO TLALYUATO EYXEL OOV ATOTEAEGLLOL TNV

aAloyn POPAG TEPIGTPOPNC TOV KIVITNPAL.
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Eixova 4.19: Ot 6vvoéoeig Tov O1morikov KivyTijpa.

o  Movomolkog KivTipog

"Evag povomolkdc kivntnpog dtabétel Todiypata pe pecaio Ayn Ommg eoivetol Kot oTnyv
Ewovad.20. To toAypa avtd amartel tpeic cuvdéoelc. H pecaio Aqyn 6o mpénet va cuvdedel
ot Ypouun tov Beticod dvvapkol g Taong TPoPodocioc. Av 0 0KpPOOEKTNG OPYNG TOL
TUALYpOTOg ovvoebel pe v yelwon Tov TPOEPOOOTIKOL KOl 1) ETOPN TOL TEPUOTOG MEIVEL

avoyt| tote B vVapEet por PELILOTOC GTO TPMTO GO TOL TVALYHOTOC.

Unipolar Stepper Motor

Al

A2

NMB-MAT
PM205-020

B1 B2 B3

Eixova 5.20: Movorolikog kivytijpag

Av n emagn téppatog cvvoedel ot yeimonm (Le avoytn TV emagn opyng) 1ote Oa
vapEetl por| pevOTOg 6To deVTEPO GO TOV TVALYHoToc. H pon tov pedpotog oto devtepo
od Tov TVALYpoTog Ba £xetl avtiBetn Popd kot £Tot TO poryvnTikd edio mov dnpovpyeitan Oa
elvan emiong avtifetro (aveotpappévo).Etol 1o kdKAmpa Agttovpyioc/odmynong Tov Kvntipa
Ba etvor amAd Kot yio v amottovpevn Asttovpyio Bo cvuvodetar kdbe @opd M yeiwon Tov

TPOPOSOTIKOV LE TNV apyYN 1 TO TEAOG TOV TUALYLLOTOG.
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Otav évag Pnuotikdc kivntpog dwbétel mévie (kown pecaio AMyn Kot yio o dvo
ToMypota) 1 €61 akpodékteg eival oyxeddv Giyovpo OTL €lvol HOVOTOAIKOG. ZE MEPIMTMOOT)
KIVITHPO UE TEPLOGOTEPES AKPOOEKTES, Oev gival duvatn 1 avayvopion tov auécms. Eival
amopoitnto vo avoryfel To KdAvppo Tov Kivnipa Kot va dlomiotwdel to €100¢ Tov amd Tig

E0MTEPIKEG NAEKTPIKEG TOV GLVOEGELS,.

"Exovtag mpoodiopicel Tov TOTO TOv Kivntipo, otnv cvvéxela o mpénet va Ppedei motot
aKpodEKTEC avikovy o€ KABe ToAlypo. Me tnv Pondeia evdg moAivuétpov peTpdpe v
avtiotoon petald TOV OKPOSEKTM®V Kol GLVIAGCOVLUE o Aloto pe TO  aviioTol(O
anoteAéopata. Eivar yvootd O6ti 1 aviiotaon mov sppaviletor HETaED TV EMOPOV OpPYNG
Kol TEPUOTOG £VOG TUALYHOTOG €ival YapUNAY], 1| OVTICTACT AVAIESO TNV HEcaio Ayn Kot G
éva amd To Akpo eVOG TUAIYHaTOG Bar £xel TV WIoT TN o€ oxéon e ekelvn Tov PeTpnonke
o€ OAOKANPO TO TOMYpHO. Metald dropopetikdv Tolypatwv Bo wpémel vo petpndel dnepn
avtiotoon M tovAdyotov pepwkd MQ. Mg tov TpOTO 0VTO YeEVIKA givarl dvvatdév vo

TPOGIOPIGOVLLE TOLEG GLVOEGELS AVIKOVY GE KAOE £va amd T VITAPYOVTO TUALYLOTAL.

Otav évag povomoMkog kwvnmpag Owabétel pio pecaion AQyn Kowvn Kot Yo, to 6vo
TUALYpOTo (5 GLUVOMKG OKPOOEKTEG) TOTE £ival adVVATO Vo TPOGOIOPIGOVLE TNV avVTIGTOUY (O
OKPOJEKTMV KOl TOMYUAT®V. XTNV TEPIMTOON OLTH, O OKPOOEKTNG MOV OVTIGTOLEL 0N
pecaio Aym, Ba mapovctdler v B TN avtictaong oe oxéorn pe OAOVG TOvg GAAOVG

OKPOOEKTEC.

Oocov a@opd TV TpoPodocio. TOL KvNTP HEGH YEQLPAG PE aKpodEKTES 6000V (A,B)
kot (C,D) otmv mepintmon HOVOTOAIKOL KvnNTipo 6 OoKPOOEKTOV Ol HeCOiec ANYELG
OLVOEOVTUL GTOV BETIKO OKPOOEKTN TNG TAGNS TPOPOSOGING TNG YEQLPUS KOl T GKpaL TMV
TOMYHATOV ota oavtictoyyo Cevyn axpodektdv e£6dov g vépupas (A,B) kot (C,D)
avtiotorya. H avtyetdBeon g obvoeong tov akpodektdv A kot B avtiotpépel m @opd
mEPLOTPOPNC TOov Kivntipa. o v evodlayn Tov cvvoéoewv Oo mPEmel TPOTO Vo

OTOGLVOEETAL 1] TACT) TPOPOSOGING TNG YEPVPOC.

1 mepintoon povomoikoy Prpatikod Kivntipa 5 ena@av gival eovepd 0Tt 0 BeTikdg
OKPOJEKTNG TNG TAGNG TPOPOOOGING GLUVOEETAL GTOV KOO AKPOSEKTI TNG LEGOLOG ANYNS TOV
TOAMYUATOV KOl Ol VTOAOWTOL aKkpodékTeg Omm¢ mapoakdtm (Ewova 4.21). H avBaipetn
OUVOEDT TOV OKPMOV TMOV VTOAOIT®V TVAYHATOV 6Tovg akpodékteg A,.B kot C,D pmopel va
EXEL OC AMOTEAECLO TV KOVOVIKT AEITOLPYiR TOV KvnTHpa 1 TV Agttovpyio Le SOVIGELS TTOL

elval o pun kavovikn Agttovpyia.
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150

150

Eiwxova 5.21: O1 6ovoéoels Tov povomolikov KivytHpa

Ymyv mopokdto Ewova 4.22 amotum®@veTon Ui GUYKPITIKE  OTEWOVION 00 yNoNg

LLOVOTIOAKOV Kol SITOAKOL PHaTIKOD KIvnTipa

UNIPOLAR BIPOLAR

BLACK

Wh

+V

Ewxova 5.22: Loykpitikl) ansikovicy 00§yNGNG HOVOTOIIKOD KAl OLT0AKOD BHaTIKOD KIVRTI|pa.

4.14 Xaopoxktnprotika - Taon - pevpo Aertovpyiog

Sovn0mg avaypdeeTol 6TV TVOKIOO TOL KIvTNpa. AV 0V avarypagETUL LITAPYEL TPOTOG
va mpocdlopicovpe Vv tdomn Asttovpyiag Tov ERpeca Ommg Bo avamtHEOVLE GTNV GLVEXEL.
Apyika gtvor mBavo va yvopilovpe v T g Tdong TPoPodociog Tov KUKADUATOG Ao TO
omoio «mponABe» 1N mpoopiletor o Pnuatikdc kwvnmpoag mov e€etdlovpe. o mapdaderypa
évag Pnuatikdc kivntpog amd Evay Tumikd odnyo dwokétag (floppydrive) Aettovpyet eite og 5
eite oe 12 Volt. Av ootdG0 dev vrdpyetl kapio TANPoeOpNoN Yoo THY akpPn T TG Thong

TPOPOJ0GinG, TOTE Pmopel va yivel po ektipmon pe tn Pondeia g mapoakdto pedddov.

YOoppova pe ™ péBodo avtr] GLVOEOLHE TOV PNUOTIKO KIVIITHPO GE €Va TPOPOSOTIKO
HETOPANTAG TAONG. TN TEPIMTOON SUTOAMKOV KIVNTPO GLUVOEOVLUE €va TOMYUE TOVL OTO

TPOPOJOTIKO PETAPANTNG TAGN S O™ PaiveTol oTnV eikdva Tov akoiovdel (Ewkova 4.23).
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Ewxova 5.23: Métpnon thg puéYIoTHGS EMTPETOUEVI] TAOCHS AEITOVPYIAS GE OITOAKO KIVRTHPA

Xy mePInT®MON  HOVOTOAKOD KIvVNTHPO GUVOEOLUE Kol TO OVO TLUMYHOTO GTO
TPOPOJOTIKO HETOPANTNG ThoNG 0TS Qaivetar oty Ewova 4.24. PvBuilovpe v téomn tov
TPOPOOOTIKOV GE HEPIKA VOolts Kot mepIpévov e yio pepika Aemtd. Ayyilove TOV KivnTinpa yio
va aicBavBodpe av Exel avénbetl n Bepuokpacio Tov. Av 0yl, AVEAVOLLLE TEPALTEP® TNV TAGT
TOV TPOPOJOTIKOD KOl HETO amd HEPIKA AemTd EOvaA eAEyyovpe tnv Oeppokpocioo Tov
kwvnmpa. Eravoiappdvoope v mapomdve dadikacio péyxpt n Beppokpacio Tov Kivntipao
oplakd vo unv emrpénetl vo ayyyel. H tyun g tdong avtg Ba amotedel pio tkavomomTikn
eKTIUMON TG UEYIOTNG EMTPEMOUEVIC TAGT AELTOVPYIOG Y10l TOV GUYKEKPILEVO KIVITHPA.

O vroroyiopdg Tov pedpatog pmopel va yiver kotevBelov pe pé€tpnon omd v Toparave
dwdkacio M vo wpokOyeL amd TNy dwipeon NG TAONG UE TNV ®OWIKN OVIIGTOOT TOL

TUALYHOITOG,

Eixova 5.24: Métpnyon ths puépIoTiS EMTPETOUEVIS TAOCHS AEITOVPYIAS GE HOVOTIOAKO KIVHTHPA
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KE®AAAIO 5

5.1 ARDUINO

To Arduino etvor pio MAEKTPOVIKY TAATOOPUO OVOLXTOD KMOIKO KOl GYESIOGLOD TOL
Boaciletar oe edypnoto vAKO kot Aoywopkd (Ewdva 6.1). AmoteAeitor amd éva
TPOYPOUUOTILONEVO KOKADUO, TTOV avaeipetol o pikpoedeyktg (MCU), pe évav apBuo
ToA®V (pins), og eicodor/éEodot (I/0) v ) ohvdeon pe T0 PUOIKO KOGHO. O HUIKPOEAEYKTNG
oV Tpoypappotileror péso and 1o mepPdirov avantuéng kmdwa IDE ypnoomoidvtog
YADOOO TPOYPOUUATICHOD Wiring, 1 omoia eivar po amhomompévn ékdoon g C/C++ mov
nepriapPdavel éva cuvoro PipAlodnkodv eniong ot C++ dgvkoAlvvovtog v eKpadnon tov
nmpoypaupotos. To Aoyiopikd eivor ovolkToh KMOIKO Kol EMITPEMEL TNV OVATTLEN €VOC
VTOAOYIOTIKOV GLGTNUATOG oL B eAEyyel dAheg cvuokevés (ITdAlag & Opeavakng, 2016a).
Emumiéov, dev yperdletor Eexwplotd KOUUATL DAIKOD, Yo VO QOPTMOGEL £VOV KOOIKO GTO
board, kaBad¢ ypnowomolel kaimddéio USB. H mhoatpoppo Arduino €yel yiver apketd
ONUOPIANG He avBpdmovg mov EeKvovv amAd pe niektpovikd. Eivoar edkoAn otn ypnon yu

apyépLovg, OAAG Kol 0PKETE EVEMKTN Y10 TPOYWPTLLEVOLS YPTOTES.

™

ARDUINO

Eixova 6.1: Aoyotomo s eTaipiag

Ov 18pvtég 0o Massino Banzi xou David Cueartielles Eexivnoav va mwapdyovv 1o 2005
mhokéteg Arduino oe éva pikpo epyootdotlo ot IPpéa (https:/www.arduino.cc, 2021).
Apyika, dnpovpynonke og Eva ekmadevtikd epyoieio, mov ancvBuvitav o EOITNTEG YWPIg
GTOPIKO MAEKTPOVIK®OV Kot TPoypappaticpov. Otav €ytve gupldtepa yvOoTd Apyloe Vo
oAAGCel Yoo voo TPOGOPUOOTEL OTIG VEEG OVAYKEC KOl TPOKANGELS, OLOLPOPOTOLDVIAG TNV
TPOGPOPA ToL Omd amAég Kapteg 8-bit e mpoidvta yw epoppoyéc eopntéc, loT,
3D extunmoelg kot evoopatopéva rteptPdirovia. Oieg ot mhakéteg Arduino ivar avorytov
KOOWKO, EMTPEMOVIOS OTOLG YPNOTEG VO TIG KoTookevdlovv avefdptmta Kot vo Tig

TPOGAPUOLOVV GTIC OIAITEPES AVAYKES TOVG.

To Arduino pmopei va ypnoyomomBel yioo avanTuEn S100PACTIKMOV OVTOUATOTOMUEV®V
cvoTHdTOV, Kavav va dgxBodv o¢ 166d0v¢ o TAnBdpa actntplov opydvmv, aAld Kot
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JPOpmV cuokeL®V €E600V, TOV glval KAVES var EAEYYOVV GAAEG cuokevEs. H modd peydin
nowiMa Tov ocvpPoatdv actnmpov yio to Arduino mov dtatifeviol 6to gUmOplo Umopet
€0KOAOL Vo TOV KAVOLV va Agttovpyel g évog eleyktng (controller). Ot epoappoyég mov
evoopatdvouy to Arduino otn Hovcikn teyvorloyia TAnBaivouy paydaia xapn oTnv oAy Kot

TPOGPRACIUN EUTEIPiO TOV XPNOTH.
Boaowd [TAcovextipata mhateoppog Arduino:

1 Owovopkn: Ot mhokéteg tov Arduino etvon eonpetikd ONvEG oe oyéon pe GALEG
TAaTQOpUEG PIKpoeAeYKT®V. E1dKd de pmopel pe ta oynuatikd mov KuKAoQopovuV 6To
Internet vo Kotaokevdoel kdmolog v eONvoTepN ekdoyn evog Arduino. Q6T0CO
axopo ko av tpoundevtel v Eroyun (Loviapiopévn TAakéTa) ovt Ba KooTiceL To
péyioto 50 Euro.

[l AmAO, EexdBapo mpoypappatiotikd mepiPdArov. To mepiBAAlov TPOYPAUUATIGHOV
evog Arduino evoeikvotal yuo apydplovs, aAAd ivor TOVTOYPOVA Kol EDEAKTO Kot Yo
TTLO TPOYWPTUEVOLG XPNOTEG.

1 Metagépoun: Xe oyéon He TIC VLAPYOVOES TAATPOPLOG GTO EUTOPLO 1 TAUTPOPLLOL
Arduino mopéyel TANPN  UETOPEPCIUOTNTO HE OMOTEAEGHO Vo Umopel  va
TPOYPOUUOTIOTEL OTO TEPIGGOTEPU AEITOVPYIKE GUGTILLOTOL.

1 Emextdoyn: To vAiko kot to Aoyiopukd g mhateoppog Arduino givor ovorytd kot
erevBepa yio 6hovg. Kabnuepvd, yiAddeg vmootnpiktéc Tov eAevfepov AoYIGHLKOD
avamToooovV  Jleopes  PPAodnkec Yo v vmoot\piEn TG TAATEOPLOC.
[TapdAinia, 1060 1 apyLTEKTOVIKN OGO Kol TO LMKO NG TAATQOPUAG eEEMTGOVTOL

GLVEYDC.

5.2 Exd006¢1g vroroyiotiknc nhat@oppos Arduino

[ Ymoroyrotikn mhat@oppo Arduino Mini

To Arduino Mini (Ewdva 5.3) givor ) wo pukpn og péyebog €k600m TOv ¥pNGIULOTTOLEL TOV
Atmega 328 &yel 14 ynoloxéc B0peg 16000V kar £€660v (I/0) ek TV omoimv ot €51 pmopovv
va mapayoov PW.M., 8 avaioywéc 00peg, 16MHz toAaviot| KpuoTAALOL Kol KOLUTI

«resety.

Eixova 5.3: Arduino Mini
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1 Ymohoyrwotuki mhat@oppa Arduino Pro Mini

To Arduino Pro Mini (Ewéva 5.4) ypnowonotei tov Atmega 168 €yet 14 ynolakéc 00peg
€16600v ko €£000v (I/0) ek TV omoiwv o1 6 pumopovv va mapdyovv PW.M., 6 avaroyikég
Bvpec kol n Pacikn Tov daPopd pe Tov Pro mépa tov 0Tt givar peyaddtepog elvar Ot €xet
TPo-cLYKOAANEVEG B0peg (Pin). Zyedtdotnke Kou mopdystal and v etaipio «Spark Fun

Electronicsy.

Eixova 5.4: Arduino Pro Mini

" Ymoroyrwotikn mhat@éppa Arduino Micro

To Arduino Micro ypnowonotei tov Atmega 32ud (Ewdva 5.5) €yet 20 ynoraxéc Bopeg
€16000v kot €£600v (I/0) ek twv omoimv ot 7 pmopovv va mapdyovy PW.M., 12 avaroyikég
B0peg, 16MHz talavtot) kpvotdiiov, kovumi «resety kepain «ICSP». To Pacikd tov
mAeovEKTN O Efvol TO evompatmpévo («bult-iny) usb pe 1o omoio umopel va ypnoipomoinel
®¢ TANKTPOAOYL0 Kot TovTiklt. O oYedGUOC Kot 1| Tapay®yn Tov YivETOl G cuvepyasio e

v etoupio «Adafruity.

B - apbuzan 8

Eiwxova 5.5: Arduino Micro
1 Ymoroyrotikn mhot@éppo Arduino Nano

To Arduino Nano ypnoipomolel tovAtmega328 (Ewova 5.6) ovclaoctikd PBaciletal 6to
Arduino Duemilanove pe tn doagopd Ot givor pikpotepog oe péyebog Kol otnv omdAELL
e€otepkng tpoodociag. Emiong ovvdéetor péow Mini-BUSB kot oyedidotnke kot

mapayetal amd v etoupia «Gravitechy.

Eiwxova 5.6: Arduino Nano
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1 Ymohoyrwotukn mhat@iéppa Arduino Frio

To Arduino Frio (Ewova 5.7) ypnowonotet tov Atmega 328P 1 tpopodoacia tov yiveral
pe 3.3V ko dovAevel oto 8§ MHz €yet 14 ymoeiaxég Bupeg e166d0v kat e£6dov (I/0) ek tav
omoiwv ot 6 uropovv va mapdyovv P.W.M., kabmhg kot 8 avoaroyikéc 00peg. To onuavtikdtepo
TAEOVEKTIOL TOV GE GYECOMN WE TIG VIOAOUTEG EKOOGELS ival OTL OYESIACTNKE Y10l EPUPLOYES
OV YPNOCLUOTOOVV ACVPUOTE TPOTOKOAAN EMIKOIVOVING Y1 ALTO KOl £XEL EVOOUUTOUEV

Bvpa yio pratopio Kot vrodoyn «usb-to-Xbeey.

Eixova 5.7: Arduino Frio

1 Ymo,oyrwotikn mhat@éppo Arduino Pro

To Arduino Pro (Ewova 5.8) ypnoiponotel tov Atmega 328 11 Atmega 168 1 tpogpodocio
tov yiveton pe 3.3V 1 5V, doviedel oto 8 MHz M| 6ta 16MHz avéloyo pe tmv €ékdoom, €xet
14 ymowxég B0peg e1600v Kot €£6dov (I/0) ex TV omoiwv ot 6 pmopohv v Tapdyovv
P.W.M., kaBd¢ kot 6 avaroyuég Bupec. Zyeddotnke yio. oTabepég ePapUOYES Y10 AVTO Kot Ot
VTOO0YES TOV deV €ival cLYKOAANUEVES. Xyedldotnke Kol wopdystatl omd TV etoupio «Spark

Fun Electroncsy.

Ewova 5.8: Arduino Pro
" Ymo,oyrwotikn) mhat@éppo Arduino Leonardo

To Arduino Leonardo ypnoyomolel tov Atmega 32u4 (Ewova 5.9) éxer 20 ymowokég
Bvpec €16600v kKo €€6dov (I/0) ek TV omoiwv ot 7 pmopodv va mapdyovv PW.M., 12
avoroyikés 00peg, 16MHztolaviot) kpvotdAiov kot kovumi «resety. Emiong, &xet
evoopatopévo («bult-in») usb pe to omoio pmopet va ypnoporombel wg TANKTPOAdYL0 Kot

TOVTIKL.
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Eixova 5.9: Arduino Leonardo
1 Ymohoyrotiki mhat@oppa Arduino Due

To Arduino Due (Ewova 5.10) ypnowponolei tov ATMEL SAM3XS8E ARM Cortex-M3
CPU xa1 givor n mpdtn voroyiotiky] mhateoppo Arduino mov €xet ARM mopnva 32-bit
pkpogreyktn. ‘Exelt 54 ynoaxéc Bopeg €166d0v ko €€6dov (I/0) ex tov omoiwv ot 12
umopovv va wapdyovv P.W.M. kat GAlec dvo BOpeg pmopovv va ypnoipomonfodv yua «12C»
emkowvovia, 12 avaroyikés Ovpeg, 84MHz talovtowt) KpvotdAlov, Kovumi «resety, 4
oelplokés BOpeg yio «hardware micro-usby», dvo QOpeg peTaATPOTTNG YNOLOKOD GNUOTOS GE

avaroywkd, «SPDy kot «JTAG» kepadr, evd Tpogodoteital povo pe 3.3V.

Eiwxova 5.10: Arduino Due

1 Ymoroyrotikn mhat@oppa Arduino Mega 2560

To Arduino Mega 2560 (Ewova 5.11) givor ) o 16yvp1 Kot o TpOcOOT VITOAOYIGTIKY|
nAoteopua Arduino pe tapo ToAAEG duvatodTNTES Ko ivar 1 ovafaBpuon tov Arduino Mega.
Xpnotponotei tov  Atmega 2560 puikpogheykty tg ATMEL. 'Eyxelt 54 ynowokég 00peg
g1o600v kot €£6oov (I/0) ek tv omoimwv ot 15 pmopovv vo wapdyovv «8-bity P.W.M. kot
GAleg dvo Bvpeg pmopodv va ypnoomomBodv yio «12C» emkowvovia kKabog kot 6
e€mtepcd interrupt, 16 avaroywés Bvpeg, 16 MHz tadavimt) KpuoTaAAov, KOVUTE «resety,
4 oceplokég OOpeg yoo «hardware» keeodn kot 4 Bvpeg «SPI» yia v obvdeon pe Ao

TEPLPEPELOKEL 1] TAOKETEG,.

Eiwxova 5.11: Arduino Mega 2560

[ Ymoroyrwotikn mhat@ippa Arduino ADK
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To Arduino ADK (Ewdéva 5.12) elvar ovclootikd okpiBdg m 10 vmoloylotikn|
mhoteopua pe tov Arduino Mega 2560 pe tnv onpavtikn dtopopd 6Tt 1 dtacHvoeon «usby»
yivetow amd tov eleyktn «MAX3421EIC» kot emTpénel 6TV VIOAOYIGTIKY TAATEOPUO VL
EMKOWVOVINGEL KOU VO OAANAOEMIOPAE LE OMOOONTOTE GLOKELY &xel BOpa «usby» 7y
TOPAdEYUD  KWVNTA TNAEQOVA, QOTOYPUPIKEG  UNYOVES, TANKTPOAOYD, TOVTIKLO,

TOLYVIOOUNOVES K.O.

gt | L L L
e AT
3]

Ewova 5.12: Arduino ADK
1 Ymoroyrwotikn mhat@éppo Arduino Ethernet

To Arduino Ethernet (Ewoéva 5.13) ypnoytonotet tov Atmega 328 éyxel 14 ymoeraxég B0peg
€16600v kot €£600v (I/0) ek TV omoiwv ot 4 umopovv va mapdyovv PW.M., 6 avaroyikég
B0peg, 16 MHz taloviot KpuotdAlov kol Kovumi «resety. Koplo yapoaktnpiotikd tov n
amovoio celplokng Bvpag v «usby 6mov avtikabiotaton pe éva «Ethernety eheykt g
«Wiznet» o' 6mov yivetar Kot 1 E@TEPIKN GLVOEST TOL e omolodNTote dikTvo. Emiong €xet

EVOOUATOUEVO £VOL AVOYVOOTI KOPTOV «micro-SDy yia tnv amobrjkevon apyeiwv.

Eiwxova 5.13: Arduino Ethernet

"1 Ymoroyrotikn mhat@éppa Arduino BT

To Arduino BT (Ewova 5.14) ypnowonotet tov Atmega 328 pikpogieykt g ATMEL.
‘Exer 14 ymowkég 00peg e16600v kot €£600v (I/0) ex Tv omoiwv o1 6 pmopodv va mapdyovv
P.W.M. kot AN o Bvpa yio eravapopd tov Bluetooth, 6 avoaloyikég Bvupeg kar 16 MHz
tadovtot). To mo onuoviikd avTig TS LIOAOYISTIKNG TAaTEOpurag Arduino eival to
«Bluetooth chip WT11» tng «Bluegiga», to omoio emitpémel v acHPUATY ETKOWVOVIL TNG
mhateopuog pécwm «Bluetoothy pe omowadnmote cvokevy) ¥PNGWOTOLEL TNV avTioTOYN

TEXVOAOYIO EKTOC OKOVGTIKA KOl GUGKELEG NYOV.
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Ewxova 5.14: Arduino BT

1 Ymoroyrotikn mhot@éppa Arduino Lilypad Usb

H mo povtépva €xdoon g vmoAoyiotikng mioteoppoag Arduino (Ewdva 5.15),
oXeOGUEVT VA pAPeTal EDKOAN TAV® GE povyo aAAG Kot eEomAopévn e tov Atmega 32u4
Exel OAOL T YOPOAKTNPIOTIKG Kot TIG SLVATOTNTEG TOV AAA®V EKIOGEMV OTMG EVOMOUATOUEVO
(bult-in) usb pe 10 omoio umopel va ypnowomombel ¢ TANKTPOAOYIO KOl TOVTIKL
OLYKEKPIUEVN €kdoom €xel duvatdtnTo cvvoeong He usb e avtiBeon pe to Lylipad simple,

Lylipad simple Pad kot to Lilypad mov givat kot 1 facikn £kdoom tng CLYKEKPLUEVIS GELPAC.

Eixova 5.15: Arduino Lilypad Usb
" Ymoroyrwotikn mhat@éppo Arduino Esplora

H ovykekpyévn vmoloyiotikry mAateoppo Arduino Pociletor médveo oto Arduino
Leonardo (Ewova 5.16) kar €xet 10 HOVOOIKO MG TOPO TAEOVEKTNUO, GE OYEON UE TIG
VILOAOUTEC, VA £XEL EVOOUATMOUEVO KOl ETOLLN Y10, YPNOT OLAPOPOVS aloONTNPES, YEPLOTNPL
dwkonteg, LED, pkpopwvo, k.o AmevBiveror Pacikd ce ypnoteg mov dev eivarl apkeTd

eCOIKEIMUEVOL PE TOL NAEKTPOAOYIKE KO NAEKTPOVIKA KUKADLOTO.

Ewova 5.16: Arduino Esplora
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5.3 Arduino Uno -Avoivtikn weprypoon

H dnupogiréotepn éxdoon tov Arduino eivor m Duemilanove/Uno (Ewoéva 5.17) mov
Bacileton ot0 oAokAnpwuévo Atmega 328, Evav 8-bitsRISC pukpoeieykti, o omoiog ypovilet
ota 16 MHz. Epeic 6o aoyoinBovpe cuykekpéva pe v ékdoon Uno mov ota Italikd
onpoivel «€voy Kot 0T avaeEPovy ol Kataokevaotég Tov pall pe «1.0» etvar ot ekdocelg
avagopdc vy Tic vmoAowmeg ekdOoelg. Oleg ot mhaké€teg meEPAAUPAVOLY €val YPOUUKS
pLOOTN TAOM G KPLOTAAAIKO TahavT®TH bootloader, étol dote va punv ypetdletarl eEmTEPIKOC
mpoypappotiots. SV kot évav 16MHz (] kepopikd avinynm oe kdmoteg maparrayés). O

LKPOEAEYKTNG €lval amd KATOOKELNG TTpoypappatiocpévog pe évabootloader, €161 wote va

unv yperaletor eEMTEPIKOS TPOYPOUUOTIOTNG.

Ewxova 5.4: O1 ovo oyerg tov ArduinoUno

To Arduino Uno dwBéter 14 ymoeraxd pins (Euwova 5.18) ta omoia pmopodv va optotovy
elte oav gicodol ,eite cav €€odot. Amo ta 14 avtd yneuokd pins Kamowo ektdg amd TV

Aertovpytd I/O éxovv kot dAAeg emmpdoOeteg Aettovpylég :
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Ewova 5.5: Ovpes e16000v Kat 66000 tHS vmoloyietiki wlatpopuas ArduinoUno

Ioyve (vrodoyq USB / kavvn)

KéOe mivakag Arduino ypeidletor €vav TpoOmO cLVOEONG HE o Tyn evépyelag. To
ArduinoUNO pmopei vo tpopodotnel and éva kadddo USB mov mpoépyetar amd tov
VTOAOYIGTN N a0 £vaL TPOPOOOTIKO. XTNV €1kdva Tapandvem. 1 ovvoeon USB eépetl etikéta
(1) xou n vrodoyn Tov KLAIVOpoL épet eTikéta (2).H ovoeon USB eivan emiong o tpomog pe

tov omoio Ba popTmOel 0 kOO 6TOV Tivaka Arduino.

YHMEIQXH: AEN npénetl va ypnoiponoteitar tpo@odocia 1oyvog peyorvtepn and 20 Volt,
o101t Ba kKataotpapel To Arduino. H cuvietdpevn taon yo ta teprocotepa poviéAa Arduino

Kopaiveron peta&y 6 kon 12 Volt.

Ilgipor (5V, 3.3V, GND. avoroyiko. yvnowokoé, PWM, AREF)

Ot kapoitoeg oto Arduino eivor ta pépn Omov ocvvdéovtol To KUAMOWL Yo Vo
Katookevaotel éva kKOkAopo (mbavadg oe cvvovacud pe €va breadboard kot pepikd
KaAmowa). ‘Eyxouv cuvnbog padpeg mhakéteg "kepalideg" mov emrpémovv vo, cuvdebeiomid
éva Kohodwo de&1d oto board. Eyet moAld drapopetikd €10n kapitoes, Kabéva amd to omoia

(QEPEL ETIKETA GTOV TIVOAKO, KO YPNCULOTOLEITAL Y10l SLAPOPES AELTOVPYIEC.

e GND (3): Ymapyovv apxetég kapoitoeg GND oto Arduino, ot omoieg pmopovv va
YPNOLOTOMBOVV Y10 TN YEIMON TOL KUKAMDUATOG.

e 5V(4) & 3.3V(5): O 5V axpodékmne mapéyer S Volt oydog kor o 3.3V akpodéktng
tpopodotel  3.3Volt 1oyvog. Ta mepiocdtepa amd to omAd  e€optiuaTo  TOV

ypnoonotovvtot e To Arduino tpéyovv utuymG poakpld omd 51 3.3 Volt.
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e Avoloyikn(6): H meployn tov axidov kdtw and v etkéta 'Analogln' (A0 éwg AS ot0
UNO) eivan okideg Analogln. Avtég ot kapeitoeg pmopodv va dafdocovv t0 onuo omd
&vay oVOAOYIKO ooOnTpo Kot vo, PETATPEYOLV GE YNEOLOKN TI| TOL UTOPOVUE V.
dwpdcovpe.

® Ynowokd(7): Tlépa amd g avaroywés axideg vdpyovv ot ynelakoi akpodéktes (0 £mg
13 oto UNO). Avtéc ot Kap@itoeg umopodv vo xpnoipomoinfodv 1060 Yo YneloKm
€l60d0 660 Kot Yo ynoewakn £€0d0 (0nmg Tpogodociog LED).

e PWM(8): Aimha oe pepkéc amd tig ynorokég akideg (3, 5, 6, 9, 10 ko 11 oto UNO),
vrdpyet to tilda (~). Avtég ot akideg AEITOVPYOVV MG KOVOVIKEG YNOLOKES aKIOES, OAAYL
pumopovv  emiong  va  yprnowwomomBodv  yio KGtL mov ovopdletor Pulse-Width
Modulation(PWM). Avtéc ot axideg givar oe 0Eon vo TPOGOUOLOVOVY TNV OVOAOYIKN
£€odo.

o AREF(9): Yrnootpilel avaroykn avaeopd. Tig meplocdtepeg POpES apiMOVUE QLT THV
Kapeitoa povn tng. Xpnotgomoteitor UEPIKEG GOPES Yoo vo. pvOuicovpe o téon

avaeopdg (peta&y 0 kar 5 Volt) og 10 avdtepo Op1o yia Tig akideg avaAoyiKng e16000vV.

Kovuri erava@opag

To Arduino dwBéter xovuni emavaeopds (10). IMatdviag to, cuvdéetar TPOSOPIVE O
aKPOOEKTNG EMOVOPOPAS OTN YEIWON KOl EMAVEKKIVEL OMOOVONTOTE KMOOKO TOL £)El
eoptwBel oto Arduino. Avtd umopel va elvar woAD ypNoIUO €6V O K®OKOS Ogv

enmavorapPaveror, aAld SoKUALeTe TOAEG POPES.

Agiktng LED gvépysiag

AxpBog kato kot de€d g AéEng "UNO" 100 kukAdpatog. vrdpyet o pkpn LED
dtmha ot AéEn 'ON' (11). Avti 1 Avyvia LED mpénet va avapet kae popd mov cuvoéetal 1o
Arduino cg Tny" evépyelag. Av avtd TO PG 0V AVAYEL, VITAPYEL pid TOAVOTNTO KATL VO TThEL

otpafd. Oa mpénet vo Eava eAéyEovpe To KOKAMUA HoG.
LED TXRX

To TX eivar chvropo ya ) petddoon, to RX givar cvvropo yio Ayn. Avtd ta onpdoa
eneovifovtor ToAD Alyo oTnNV MAEKTPOVIKY| Y10 VO DITOOEIEOVLY TOVG GKPOJEKTEG OV Eivat
vevbuvolr yu oeplokn  emkowvmvia. Ymapyovv ovo 0éceic oto ArduinoUNO 6mov
enpavitovrar ta TX xat RX - pio opd pe ymoeraxovg axpodékteg 0 kot 1, ko pio devtepn

@opd dimha oTig evdekTikég Avyvieg TX kot RX (12).

Kvpw IC
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To povpo mpdrypa pe OAo To LETOAAIKA oS0 vt Eva oAoKANpouévo kukiopa (13). Ag
nmovpe Ot givor cav 10 pvord tov Arduino . To xvpro IC o100 Arduino eivar gla@pdg
JPOPETIKO ATO TOV TOTO TOV GKAPOLS GTOV TUTO TOV GKAPOVS, AAAA glvatl cuVHB®E amd T
ypopuun ATmega tov IC and v etaupio ATMEL. Avtd pmopei va givor onpavtikd, Kabang
umopetl va ypewootel va yvopilovpe tov tomo tov IC (pali pe tov Tomo Tov mivaka) TPV
QOPTAOGOLLE €va VEO TTPOYpoa omtd TO Aoyiopkd Arduino. Avtég ol TANpoPopieg LTopovV
ocuvnbwg va PBpebovv yparntdg oty mave mAevpd tov IC.To meprocodTEpes TANPOPOpieg

oYeTIKA pE TIS O1apopég Tov IC, pmopovpe va Bpovpe dafalovrag ta dertion 0E00UEVOV.

PuvOmetiic tdonc

O pvBuomg thong (14) dev elvar otV TPAYLATIKOTNTA KATL GTO Omoio pmopovpe (1M
npénel) va aAAnAosmidpacovpe oto Arduino. Eivar duvnrtikd yprioyo va yvopilovpe tov
Adyo movu glvan ekel. O pvOoTC Thong Kavel akpiPdc avTtd Tov ALeL - EAEYYEL TNV TOGHTNTA
Téong mov aenverot otov mivaka Arduino. Aniadr|, propel vo offoel o EMTAEOV TAOT TOL
umopei va PAdyet To kKOkAmpa. Puoikd, £xel o OpLd TOV, OTOTE JEV TPEMEL VO GUVOEOVLLE TO

Arduino pe timota peyaidtepo omd 20 Boirt.

5.4 Movadeg eméKTaonS VTOAOYIOTIKNG TAaTPOppac Arduino («Arduino

Shields»)

[Tépav OpmG TG HeYOANG TOKIMOG TOV VTOAOYICTIKGV TAATQOpU®mY Arduino, vrdpyet
Kot pion peydAn mowiiio omd TAOKETEG Ol OMOieg UMOPOLV VO TPOGOPUOCTOVV Kol Vo
ovvoehoVY e TNV VIOAOYIOTIKY TAATEOpU Arduino, pe OKOTO TNV TPOEKTACT TMOV

duvatoTNT®V TOVG, Ot omoieg ovopdlovtat «shieldsy» (Ewdva 5.19). Kamoteg and avtég etvan
ot e&ng:
0 Arduino GSM Shield: Xvvoéer 10 Arduino pe to internet péow GPRS acvppatov

SkTHOVL.
o Arduino Ethernet Shield: Xvvdéet 1o Arduino pe 1o internet péom kaiwdiov ethernet.
o Arduino WIFI Shield: Xvvdéet 1o Arduino e o internet acVppoTa.

o Arduino WIFI SD Shield: Xvvdéel to Arduino pe dAAn cuokevn 6mtmg 1o Xbee g DIGI

N 0To100NTTOTE AALO TTapOLOo10 chip acvppata pEypt kot o amodotacn 100 m.

o Arduino Motor Shield: To Arduino pmopei va eA€éyEet oG Kot 2 KivnTipeg EAEYYOVTAG TNV

TayOTNTO Kot TV Katevhuven Tov ave&dptnto oto Kabéva.
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Eixova 6.18: A1dpopes povdoeg exéktacns vmoroyiotikijs nlatpiopuas Arduino

5.5 To neprparrov mpoypappaticpov ARDUINO IDE

To mepifariiov mpoypoppaticpod tov ArduinolDE (Ewdva 6.19) eivar vrepPoriid amrod
o€ oyéon pe avtiotoyo mepiPailovta avimtuéng énwg to Eclipse, to Xcode kot to Visual
Studio, mepiéyer évav kewevoypdpo («editory), €vav petayiottioty («compilery), éva
(«loader») wor e oepaxny 006vn («serial monitory) mapodlo ovTd Oev  mEPLEEL
TPOYWPNUEVEG AetTovpYieg dmwg anospaipdtmon («debuggingy).

Upload Sketch to Arduino Open Serial Monitor

€9 sketth may03a | Arduino 1.6.3

t Sketch Tools Help

sketch_may03a

void secup() {
// put your setup code here, to run once:

1

void loop{) {

J/ put your main code here, ©O run repeatedly:

Debugging
Console

Ardulno/@ending Uno on GOM3

Ewcova 6.19: Ansikovion tov Arduino IDE

71



¥t0 ArduinolDE vrdpyovv ot gmrhoyég tov compile dnAadn g HETAYADTTIONG TOV
KOOwKa, Tov «upload» dnAadn Tng QOPTIONG TOL KAOSIKA KOl Ol EMAOYEG «NEW», «Openy,
«save» e TIG OTOoleg 0 YPNOTNG WIToPEl Vo, SNUIOVPYNGEL, aVOIEEL ] VO GOCEL VAL «GYESLON.
Méoo 610 pevod vrdpyovv ot EmMAOYEC Yoo TV oglplakn OOpa («serialporty) pe v omoia
emkowvovel to Arduino pe tov H/Y kot ) kaptéda emAoyng TG VTOAOYIGTIKNG TAATOOPLOG

Arduino mov ypnotponotel KaBe popd («boardy).

To ArduinoIDE, 6nw¢ kot otidnmote oyetileton pe v vtoloyiotiky That@opua Arduino,
elvanl «freeware» Aoyiopko, wote vo fonddel 1660 otn ¥pMom 1oV apov vrootnpileTol o
ora ta daBéotpa Aettovpywkd H'Y Windows, MACOS, Linux, 660 kot otnv avdmntuér tov

HEG® SLOSIKTVOV e GKOTO TNV ATAOVGTELGT] TOV TEPPAAAOVTOC Kot TN PIAKOTNTA TPOG TOV
xpfhoTn.

AMeg emroyég tov ArduinolDE eivar to «ArchiveSketch», to omoio petatpémel v
EPOPUOYN TOV OVOTTUCCETOL GE EVOL APYEI0 «ZIp» KOl TO OmoONKEVEL, 1 ETAOYN EULPAVIONG
tov «SerialMonitor», 6mov PAémovpe o€ €va mapdabvpo ta dedopéva Ko to «ImportLibrary»
ue 1o onoio avePdlet o ypnotng po cuykekpluévn Pipaodnkn gite £toun and v opdda Tov
Arduino &ite po o1k tov (Ewdva 5.21). Apketég amd avtég Bpiokoviol TPOEYKATEGTNUEVES

010 epPdriov mpoypoppatiopod ArduinolDE kot kKdmoleg amd T1g To onUavTikég etvar:

+ LiquidCrystal: epoappoletor and tov EAeyyo eMOEIEEDV VYPDOV KPLOTAAA®V.

% Servo: epappoletar yio Tov EAeyY0 Servo Kivntnpmyv.

< Stepper: epopudletal yio Tov EAeyyo Stepper Kivitipmyv.

% Wire: n demoen ovo kodmdiov (TWI/I2C) €xel v duvatdtTnto amoGTOANG Kot AYnG

OEQOUEVOV EKTOG TOV GLCKELMV Kot TV acdnnpimv.

[Malireendng » | [S600baud

= 0

& sketch._sepl2a | Arduino 105 l = | = |%
File £dit [Sketeh| Tools Help .
Verify / Compil= Cel+R 5]
erify { Compi B
Show Sketch Folder  Cirl+K |g

Impart Library..
Add File..

Add tibrary..

EEPROM
Esplora
Ethernet
extra
Firmata
libranes
MewEPT
RFBes
50

SPL
Streaming

Ewova 6.20: Aneikovion a) tov Serial Monitor kaoi §) tov Import Library

5.6 H «yhA®ooo» TG vToroyleTiKNS TAoTt@oppas Arduino

Xy «ydooco» tov Arduino 1o kéBe mpdypappo akolovbel pior cuykekpluévn doun

KOODE Kot GLYKEKPLUEVES GUVAPTNHGELS TOV Pacilovial 6TV YAMGGO TPOYPAUUATIGHOD «CyH1|
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ot «C++», ko pe m ypnomn g Pprodning « Wiring» yivetar €@iktdg 0 TpoyPoULOTIGUOC

™G KAOE VITOAOYIGTIKNG TAUTPOPLLOG.
e Baown doun 10V KOOKO,
"Eva tomikd npdypappo Arduino €xel Ty TopoKAT® Soun:

/Ao petafintov
void setup ()
{

//0pYIKOTONCELG

§
void loop ()

{
[Kdducag

}
Ympiletar ot dvo Paocwkég ocvvapthioelg setup() kor loop() o pdioc TV omoiwv
TOPOVCIALETOL TOPOUKAT®:

1 setup(): Méoa omnv cuvéptnon avt kabopilovpe T1g peTaPANTEG TOV YPNGUYLOTOLEL TO
TpOypappe, TG B0peg €16600v Kot €£0d0V kol TIg PiAlobrkeg mov mpdKeELTOL VL
ypnowonomoovpe.H setup() koieiton o @opd, étav to sketch Eexwva 1 6mote kdvet
enavapopa (reset) n mAateoppo Arduino

] loop(): H cuvéptnon avt| amoterel Tov KOPLo atéppova Ppoyxo Tov KOOKA LG GTOV
omoio ypapovpe 10 KVpo mPoOypaupa.H cvvdptmon loop() xadeitor Eova ko Eavad
EMTPENOVTOG £TOL GTO TPAYPOAULO Vo avTamokpldel oe eEmtepikd epebiopata

e Aopég eréyyov (Control Structures)

O1 dopég eréyyov («control Structures») givatl GUVOPTNGELG O1 OTOIEG YPNCUYLOTOLOVVTUL GE
JAPopES YADOOEG TPOYPOUUATIOHOD Kot pog Ponbodv vo KAVOLUE TOLG ATOPOITHTOVS
EAEYYOVE OTOV KMOTKO LG Y10 TO OV L0 KATAoTAoN ivat aAnOng 1 wevodng kot avdioya va

OMOCOVE TNV KATAAANAN EVIOAN Y10 TIG EMIKEIUEVEG EVEPYELEG LECT, GTO TPOYPOLLLLLOL.

[ if: ovvapmnomn mov ypnoomoleitan 6 cLVOLACUO LE VOV TEAEGTN GUYKPLONG, EAEYYEL
oV [ GUYKEKPIUEVN Katdotoon £xel emttevyfel, dnwg pag 16650V v gival Tavm
and éva opopévo aplBpd Ko ovaioyo €dv eival, axolovbeitor pior cCLYKEKPIUEVN
EVEPYELN, OAMMG L0l SLOLPOPETIKT.

1 if/else: cvvéptnon mov potdlel pe v «ifh pe v dweopd O6TL emTpénel peyaAdTEPO

ELeYY0 NG PONG TOV KMOIKA, EMTPEMOVTOG TOAAATAEG OOKIUES.
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1 While(): Bpdyyog mov ekteleiton cuvedS Kot omelpwc, £ OTOL 1 EKEPACT HECH TNV
TapEVOEST Yivel yevdng.
o Metupfintéc TG vwoAoyIoTIKNG TAATQOpROGS Arduino

Ot otafepég eivar mpoxabopiopéveg petafintés o «yAwoco» tov Arduino kot
YPNOOTOOVVTOL Y10, VO OTAOTOMGOLV T TPOYPAUUOTE Kol dlaKpivovtol o€ AOYKd
emimeda, aAndn ko yevodn| (otabepéc Boolean) kot cuviOmg cupfoiilovion pe «0» yia yevdn
kot «I» yio aAndn. Kabe ymowokr Bvpa tov Arduino pmopet va dexbel dvo mbavég Tipég,
«HIGH» 1 «LOW» omAaodn| eréyyovpe pia £i60d0 1 £€060 avaroya av mepvd 1 oyt pedpa omd
v BVpa mov Eyovpe dnAwoel. H kébe 60pa tov Arduino pmopet vo SniwBet gite w¢ gicodog
eite og £€6000G mpdypa mov GAAALEL TNV MAEKTPIKY] GLUTEPLPOPA TNG BUpac. ZTOV KOIIKO
YPNOUOTOOVVTOL O18POPeEC UETAPANTEG 0O GAAEG YADGGES TPOYPOUULOATIGHOV, OO TIG O
ovovnbelg eivar ov axépateg otabepég («Integer constants»y) eivar ot apiBuoi mov
ypnoonoovvior anevbeiog oe éva Tpoypoppa, énwg o 123. And npoemhoyn, ot apBpol
avtoi ovuPoiilovtar pe to «inty.. Kdmoleg facikéc cuvapTnoELS TOV XPNCLOTOIOVVTOL GTN

oVVTaEn EvOg amA0D KOOKO TNV VTOAOYIGTIKNG TAATQOpuaG Arduino eivon ot e€1g:

] PinMode(): «dBe O0pa pmopel va onimbei eite ¢ €icodog eite ¢ ££0d0¢ Kt
ocvvtdooetal PinMode(apBpodg 00pag, HIGH/LOW)

"1 DigetalWrite(): ka0s ymowokn Bvpo pmopel va dexbel dvo mbavég tipég, «HIGH» 7
«LOW» ko ovvtdooeton Digital Write(apBpodg Ovpac, HIGH/LOW)

"] DigitalRead(): «d0wPaler»y v tywn ond o ynowkn OBvpa Kol cuVTACGETOL

Digital Write(ap18p6g B0pac)

Blink | Arduino 0021

pinMode (13, Output)
prepare pin 13 for
“loutputs of voltage

Digital I/O Functions:
pinMode
digitalWrite
digitalRead

Eixova 5.9: Baoikés ovovapticeistng vmoloyiotikys niatpopuas Arduino

210 TOPOKAT® TIvaKO OVOYPAQEOVIOL Ol 7O ONUOVTIKEG EVIOAEC, GLVOPTNOELS KOl

otabepéc mov Ponbodv yua v dayeipion tov €1d1tkov hardware tov Arduino.
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Opiouég
LOW

OUTPUT

pinMode

digitalWrite

digitalRead

analogReference

analogRead

Eidog
2100epa

2100epa

2100epa

2100epa

EvioAR

EvioAR

2uvdaptno

n

EvTioAf

2uvapTno

n

TOT1T0G

int

int

int

int

Int

int

MapdaueTpol

(pin, mode)

(pin,

pinstatus)

(pin)

(type)

(pin)

Mepiypagn

‘Exel Tnv TiuA 0 Kai givai

avTioToIXN Tou AoyIKoU false

‘Exel Tnv TR 1 kai givai

avTioTolxn Tou Aoyikou true

‘Exel Tnv TiuA 0 Kau givai

avTioTolxn Tou Aoyikou false

‘Exel Tnv TiuA 1 kai givai

avTioToIXN TOU AoyIKOU true
KaBopilel av TO OUYKEKPIUEVO
wnelakoé pinBa gival pinelcddou
N pine€dO0U avAaAoya pe TNV
Tiur) TToU diveTal TNV
TTAPAUETPO mode (inputr)
outputavTioToIxa)

©¢tel TNV KaTdoTaon pinstatus
(HIGHI LOW) OTO GUYKEKPIUEVO
Wwnolako pin.

EmoTtpégel TNV KOTGOTOON TOU
OUYKEKPILEVOU Wwn@lakoU pin (0
yla LOW kai 1 yia HIGH) egpéoov
auTo givai pin £l06d0u.

AéyeTal TIg TIMEG DEFAULT,
INTERNAL rj EXTERNAL 0TV
TTAPAUETPO type YIA VO
KaBopioel TRV Tdon avagopag
(Vref) TV avaAoyikKwy 106wV
(5V, 1.1V | n eEwTePIKN TAON pE
TNV OTToIx TPOYOBOTEITAI TO pin
AREF avTioToIxa)

EmoTpégel Evav aképaio atmo 0
WG 1023, avaAoya pe TNV Taon
TTOU TPOPOBOTEITAI TO
OUYKEKPILEVO pin AVOAOYIKAG
€10000U OTNV KAipaka 0 wg

Vref.
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analogWrite EvioAR - (pin, value)  ©@E£TEI TO CUYKEKPILEVO WNPIOKO
pin o€ KatdoTaon
weudoavaloyikAg e€66ou
(PWM). H TTapdaueTpog value
KaBopilel TO TTAATOG TOU
TTaAPOU O€ OXEON 1 € TNV
TTEPiIodO TOu
TTAPAYOUEVOUCTLATOG OTNV
KAipoka atré 0 wg 255 (TT.X. HE
value 127, T0 TTAGTOG TOU

TTaApoU gival ioo pe won

TEPINDO).
millis 2uvdptno  Unsigned () MeTpNnTAG TTOU ETTIOTPEPEI TO
n long XPOVIKO dIG0TNHA O€ ms aTTO

TNV OTIyur] TTOU ApPXIOE N
EKTEAEON TOU TTPOYPAUUATOG.
AG&BeTe uTTOWN OTI AGYyW TOU
TUTTOU PETARANTAG (unsigned
long &nA. 32bit) Ba yivel
overflow o€ 2232ms dnAadn
TTEPITTOU 0€ 50 PEPEG, OTTOTE O
MUETPNTAG Ba EekivAoel TTAAI
atro 1o unoEv.

EvToAn - (time) 2TApOTd TTPOCWPIVA TNV poN
TOU TTPOYPAUUATOG VIO time ms.
H mmapdpetpog time ivai
unsigned long (o116 0 WG 2/32).
2NUEIWOTE OTI TTAPA TNV
TTPOCWPIVI) TTAUCN,
OUVOPTACEIG TWV OTTOIWV N
EKTEAEDCT EVEPYOTTOIEITAI OTTO
interrupt Ba ekTeEAEOTOUV
KAVOVIKA KOTA TNV SIdpKEIa
plag delay.

attachinterrupt EvioAR - (interrupt,  ©¢£Tel o€ AsiToupyia TO

function, OUYKEKPILEVO interrupt, WOTE




triggermode  va EVEPYOTIOIEI TNV GUVAPTNON
) function, KGBe popd TToU
IKAVOTTOIEITAI N OUVORKN TTOU
opicetal atrd TNV TTaApApETPO
triggermode:
* LOW (evepyoTroinon otav n
KaTAoTOOoN TOU pin TTOU
QVTIOTOIXEI OTO CUYKEKPIUEVO
interrupt yivel LOW)
* RISING (6TaVv a1Té LOW YiVEl
HIGH)
* FALLING (OTav a110 HIGH Yivel
LOW)
e CHANGE (61av aAAGEEl
KatdoTaonyevikd)
detachlinterrupt EvioAR - (interrupt)  ATTEVEPYOTIOIEI TO

OUYKEKPIUEVO interrupt.

nolnterrupts EvioAR - () 2TapaTd TTPOCWEIVA OAN TNV
- AeIToupyia Twv interrupt.
interrupts EvioAR - () Emava@épel Tnv Acimoupyia Twyv

interruptTrou SIAKOTINKE
TIPOCWPIVA aTTO HIa EVTOAR
nolnterrupts.

Serial.begin MéBodog - (datarate)  ©¢ftel TOV PUBUO LETAPOPAG

KAdong 0edouévwy Tou OEIPIaKOU

interface (o€ baud).

Serial.printin MéBodog - (data) AloxeTtevel Ta dedopéva datayia

KAdong ATTOOTOAR LECW TOU OEIPAKOU
interface. H Trapdauetpog
datautropei va givail gite

apIOuOG €ite aAQAPIOUNTIKO.

5.7 BiphoOnkeg Tng vroroyrotiknic mhat@oppos Arduino

Oleg ot PipAobnkeg g vmoroylotikng mAatedppag Arduino Ppickovtal 610 S1001KTVLO

Kot umopet va T1g katefacel o kabévag ehevbepa Ko oKOTOS TOL gival 1 EVKOALN TNV YPNoN
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dupopwv mapeikdpevov poli toug. To nepBdArov Arduino (IDE) propet va emextabet pe ™
xp1on BPAodINKOV, akpPdg OTwg o1 TEPICTOTEPEG TAATPOPUES TPOYPULUUATIGHOD, 0POV Ol
Biprodnkeg mapéyovv emmAéov Aertovpyieg Yoo T XPNon o€ ox€da Omov YWPIg aVTEC M
onuovpyie  toug Ba Mrav  mepimiokn. Mo ocegpd  ond  PPpiobnkeg  vmdpyovv
TPOEYKATECTNUEVES, Kol €ivol TOAD €0KOAO Vo TIG KATERAGETE Kot va TIG emegepyaoTeite 1

QKOO KO VOL ONULOVPYNGETE TN O1KY| GOG.

o Bipiio0kn pnypotikov Kivntipov tvrov «STEPPER»

Onwg avaeépape oto Kepdhawo 4, vrapyovv dvo €ion Pnpoatikdv kivnmipov tHmov
«Stepper», ot povomoAikoi («Unipolary) kot ot durolkoi («Bipolary), dnwg ot mponyovpeveg
BpAobnkeg étor ko 1 PPAOONKN aLTOV TOV KIVNTNPOV VITEPYEL TPOEYKATEGTNUEVT GTO
nmepailov mpoypappaticpov tov Arduino (IDE). H Biiobrxn kot yio tovg dvo tdmovg
Kivnpov gival 0o pe povadikn dapopd ta T€60Epa KAAMOLO GUVOEGTC TOV YPNGLULOTOLEL
0 dumoAkog Kivnnpog o€ avtifeon pe ta &L mov ypnoiponotel o povornoikds. o  cwot

yp1on g PProdnKnc akorovbBovue v €E1G dradikacio:

[l AnAovoope v BipAodnkn oy apyn Tov kddika mg #include<stepper.h>
1 Opilovpe to Prpata (steps) Tov Kvntipo Kot Tig BOPEC TOV GLVOEOVE TOV KIVITHPO

oTN VIOAOYLoTIKN TATEOpa Arduino Tpwv TV cuvdptnon setup()
ITy. yio Tov povomoAkd: Stepper(steps, pinl, pin2)
[T.y. yatovourtolkod: Stepper(steps, pinl, pin2, pin3, pin4)

'] Opilovpe péoca omnv ovvaptnon setup() v toyvINTA Kiviiong TOL KIVNTHpo o€
OTPOPEG ava Aemto (rpm) m.y. setSpeed(rpms)

[l Téhog otnv ocvvaptnon loop() divovpe v emBount T Pnudtov dote va Kivndet
o Kinmpag (Y Oetikn T o Kivntnpag otpéeetol avtifeta and OTL yio opvnTIK
Tun), m.y. step(steps) m.y. Stepper: step(100) dote o Kivnmpag va kéver 100 fruata
[1,2].

Evoektikd mapdodetypa evog KMOK TOv TEPIGTPEPEL Eval Pnpatikd Kivntipa, apykd 100
fnpota mpog o katevBovon, émertor 100 Prpata mpog v avtiBetn kotevbuvon kot
amevBOVETOL KOl GE HOVOTOAKOUG KOl GE€ SUTOAIKOVG Pnuotikodg Kivntpes. Xpnoyonotet

v PpAodnKn tov kivnmpov «Steppery» mov gival tpoeykoteotnuévol 6to ArduinolDE.
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motorPind, mocorPind) ;

SAERAwon Tev PIN mov cuvSfcTal O v Ardaoinofta

motorPind, metorPind omevdivovtol yia povoemodtkoUs BnuatiXous ELVOTRLEES)

P

fdefine motorPin? 9/ /mafopioudés Touv PIN Tow xlvnTheo oto PIN 8 tou

Arduinec

fdefine motorPind 10/ /mefopicucs Towr PIN 3 rou kivotnea ortoc PIN 18 Tov

Ard oyl dovenmnodixoUg BnuaetiroUr xivaThneceg)

= T
Arduino (yvia uoveomod lKoirg Bhuat LEKoUs xLvnTAREC)

Pl /prepion Tng

TeXUTHTaE TOUV Kiviifge oTi¢ &60rpm

LpLOKEC ENMLESLVEVIaD

QUTEOT) ; /S &niwon Touv LED 13 wg efodo

ovefosfrivel 1o LED

EETUOWON I e

CelLpLaxy oBdvn

=l
)
1
&
i
|

Bihwon Tww oapwnIikew emiSvpniov Bopdtaw

oid blink{int howManyTimes) {

int i;//8f0Awon tngo usrtafAnthc int

Eor {i=l i< howManyTimes; i++} { S/Bpoyxog gheyyov Loz

E

0);

dalay

digicalWrice {ledPin, LOW];

delay {200} ;
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5.8 E@appoyéc g mhat@oppog Arduino

2TON MONTEAIXMO

Mo dAAn Swdedopévn epoppoyn tov Arduino Kvpiog OVAUESH GTOLG (IAOVG TOV
HoVTEMOHOV vl 1 koTookeL thAekatevbuvopevov oynuatoc. o v Katockevn Tov
arorteitan évag pkpoeleyktig mov Ba givatl vTELOLVOGS Yo TOV EAEYYO TOL OYNUOTOS Kot £V
oLOTNHO YL TNV oovpuatn emkowvovio tov Arduino pe 1t ovokevny mov Ba 1O
mAekotevfovel. H dovdeio Tov pukpogleyktn eivar vo EAEYYEL TOVG OMAPAITNTOVS KIVITHPESG
Kol oepPoKIVNTNPES Ol 0moiol TPOPOOOTOVVTAL O o Ty peLHOTOS (cLVVNOWC praTapio)
v TV KorevBouvon tov oxynpatos. H tmiekatevBouvon pnopet va epappootet oe omoladnnote

popon “‘okdoovg”” (avtokivnto, mhoio, agpomAdvo,...) (Ewdveg 5.24, 5.25)

Ewova 5.11: Epapuoyés Arduinocto povreiicuo

Eiwova 5.12: My emavopouéva karoackomevtikd acpockdpol («Unmanned Aerial Vehicle Spyplane»)

2TO XTI

To Arduino pmopel emiong va ypnopomombet yio va dievkoldvel tov tpoémo dafimong

TOV avOpOTOV PEGH GTO OTiTl. AVTO EMTVYXAVETAL LE O1APOPES KOTAGKEVES, OTWG:

e Yuvayepudg : 0 ELEYKTNG UIopel va GuVOVOGTEL [E Lo TOKIAMO oo PV pe oKomd Vo
Aertovpyel g évag cuvayeprdg omiTion. Avtd umopel va yivel aviyvevovtog tnv Kivnon,
ELEYYOVTOG GULYKEKPUYEVES TOPTEG Ko mopdbupo okoun kot v Oeppoxpacio ot
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nepintoon mopkaylds. Eved pe évo KatdAAnAo mpdypappo 6Tov VITOAOYIoTH £XEL TNV

SVVATOTNTO AKOUT KO VO EVILEPADVEL ATOLLOKPVOUEVA TOVG LITEVBVVOLS TOV KTIPiOV.

Eixova 5.13: Owxiraros ovvayspuog pue Arduino

® Avtopaticpovc:o eAeyKTig HUmopel vor cuvovacTel pe pio TotKidlo osOnTpmv e 6KoTo
va Aettovpyel g €vag controller ywor S1dpopeg Aettovpyieg tov omitod. Mmopel va
avolyokAgtvel omTo, Topdbvpa, OKIOKEC CLOKEVEG. KMUATIONO, K. o. Eved pe éva
KOTAAANAO TPOYPOLLLO GTOV DITOAOYICTH £XEL TV OLVOTOTNTO AKOUTN KOl VO EVI|UEPDOVEL

OTTOULOKPLGUEVO, TOVG VTTEVHVVOLG TOL KTIpiov.

Ewova 5.14: Avtopatiouoi ieitovpyidv tov eritiov ue Arduino

2THN POMIIOTIKH

H peyéddn mowidio tov ovpfoatdv awcOnmipov yia 1o Arduino mov odwatibBevior 6to
EUTOPLO KAVOLUV TOV GYEOIOGUO POUTOTIKAOV GLGTNUATOV TOAD EVOOQEPOV, aPOD LE L
acHpuatn emkowvovia Tov Arduino pe évav VTOAOYISTY], UTOPEl VO AVENGEL TIG SUVATOTITEG

TOV pOUTHT G€ TOAD peydrlo Pabuo.
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Eixova 5.15: Epopuoyés Arduino otny poumotiky

2THN MOYXIKH TEXNOAOI'IA

H peyddn mowidio tov ovpfoatdv acOnmipov yia 1o Arduino mov diatiBeviot 6to

EUTOPLO KAVOLV TOV GYESOCUO MAEKTPOVIKAOV HOLGIK®OV OPYAVOV KOl EAEYKTAOV TTOAD

EVOLOLPEPOV.

Eiwxova 5.16: Epapuoyés Arduino etnv Moveiki teyvoloyio
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KE®AAAIO 6

6.1 OLdypappo

H oloypagia givar pio poToypagikn TEYVIKN TPIOOACTATNG ANEIKOVIoNS avTikelwEvav. H
ovopaocio g mpoépyetor and v chvleon twv AéEemv «Olog» kot «I'pagn». OvclacTiKd 1)
TEYVIKY] OVTN EMTPENEL GTO OVOKADUEVO, OMO TO OVTIKEIUEVO, QWS VO KOTOYPAPETOL
KATOAMNA®G, ®OOTE 0apyoTeEPA Vo, ovodoueitor OAN M Tprodidotorr TAnpogopio. TOL
aviikelévov. Otav tomobetnBel éumpocbev ¢ avadopoduevng 0éoung £vo cVoTNUA
anewkoviong (elte o képepa M 10 avOpdmTvo pATy), dnpovpyeitar por amewdvion Tov
AVTIKEPEVOL Ywpic To avtikeipevo va eivar Tapdv (Holography Ostrovsky, 1972). H eucova
TOL AVTIKEWEVOL aAAALEL KOOMG TO paTL TOL TapatnpNTH aAAGCEL BEoN Kot TPOGAVATOMGLLO,
pue axkpipdg tov 010 TPOMO GOV VO NTOV TO OAVIIKEIUEVO TOPOV, £TGL TO OVTIKEIUEVO
nopovctaleton tpredidotato. Xvvoyilovrag OAdypoLpa givol TO ATOTOTMUN TOV TPOKVTTEL
o€ BepUomAUCTIKO, GE POTOYPOUPIKO PIAL 1 GE OTOLOONTOTE GAAO KATAAANAO VAIKO, Ywpig
™V %PNoN POTOYPUPIKOL POKOV, OO OVIIKEILEVO TOV QOTILETOL OO LOVOYPMUATIKY KOl

oVUP®VT akTVOBoMa, OTTMC ). Ol aKTiveg laser.

To oAOYypappa 16topikd ypovoroyeite ota pésa Tov 200V ALOVO KOl GUYKEKPILEVO OTIC
apyés tov 1950, pe xopro epevpétn tov OvyypoePpaiog emotiuova Ntévig I'kaumop. H
TEYVIKY] OUMOC TOVL TPOTEWVE NTOV TPOTOPOVNG YO EKELVN TNV EMOYN KOl TPOUTOUITOVCE
eEomMMG O oL aKOUN 0ev NTav akoOun dtbéctpog pag ko to Asilep oev glyav avakailveOet
axopa. O I'kaumop tyundnke pe PpaPeio vouméd to 1971 y avty tov v avakdivyn (vo
ypayo katt ywoo texvoroyla?). Emi tng ovciag to oAdypappo opiletar g M ameKOVIoT
TPIGOACTATOV EIKOVOV OOV EMTOYVVETOL UE TNG KATAAANAES GUGKEVEC, EYOVTOG TAVTO GOV
Koplo  mpobmoBeon TOV  KOTAAANAO  QOTIOHO, €Tl WIopovV  va  dnuovpyndovv
yevdauonolakég tpiodidortateg ewoves (I1énm Pryomoviov, 2018(®)). Ymdpyovv moirol
TPOTOL YlOL TNV OMEKOVION €VOG OAOYPAUUOTOS, TopdAa ovtd eivor cvvnOopévo Ta
oAoyphppata va TaEvopovvTol 6€ 600 YeViKEG Kot yopies avdioya pe tov 0yko tovg. 'Etot
ta&vopovvtal ot Aemtd kot ota word oAoypaupota (Hana Ursic, 2004(KY)). EmmpdcOeta
TO. OAOYPAUUOTO KOTOTAGOOVTOL KOl GE KOTNYOPlEG avaAoyd HE TO MG TAPAyovVIOL £TC1
VIAPYOVV TEVTE EWMV, TO OAOYPAUUOTO HETAOOONG, TO OAOYPOUUATO OVAKAOGONMG, TO
avayALQO OAOYPALLLOTO, TO OAOYPELLOTO DITOAOYIGTMV KOl TEAOS TO OAOYPAUUATO OVPAVIOV
t0ov (Prof. Elias N. Glytsis, 2018). T'evikd Opm¢ t0 0AOYpAUUHOTO HETAOOONG KO TO

OAOYPAUUOTO,  OVAKAOONG  OMOTEAODV  TOVC KUPLOLG TOTOVS  OAOYPOUUATOV, £TGL

83



CLUTEPOIVETOL TG Ol VIOAOTOL TOHTOL OMOTELOVV GTNV TPOYUATIKOTNTA TOPUAAAYEG M

vPpidua avtdv TV tHnwv (Alec Jeong &Dr. Tung H. jeong, 2005 ).

6.2 Tomor ohoypapupdatmv
1 OAOYpOoppo peT@o0061g

INo va dnpovpynBel Eva oAOYypapLpa LETAd0oTG YPpEldleTatl £va cuveyEs Mg amd A&lep.
Av16 10 ¢ Ywpiletar Kot dNUovpYel SVO SUPOPETIKES OECUES Ol OTTOIEC TPOCTIMTOVY 1| GE
gvav kaBpEeptn ®oTE va yivel N avtavakAaon 1 6€ KATO10 TOAD AETTO LAIKO OmG Lo, Tovia
Kol TEAOG KOTOANYEL TAV® OTO OVTIKEIUEVO KOl £MEITO. TAAL OTNV EMPAVELN TOV YIVETOL 1
avtovakiaorn. O Beathg PAEmEL TOV OVOKADUEVO OAOYPOLLO UTPOGTE OO TNV EMQAVELL
aVTOVAKAQCOTG Kol £T6L TOL dnuovpyeite 1 aicOnon ot PAémerl katt tpisdidotato (C.R.

Nave,2006).

] OAOYpappo avaxkioong

To oloypoppo oavakioong eivoar opotd YPNCLLOTOIOVTOG ML TNYN OOTOG Kot
CLYKEKPIUEVO AEVKO @G, Tap OA avTd To oAoypdppata eE0koAovBovy va dnpovpyohvton
pe v oéoun tov Aewlep, M OOUN TOLVG OUMG TO KOVEL Vo €ivol opoTd Kol HE TOL0
oLVNOGUEVEC TTNYEG POTOG OTWG TO PMC TOL TPOEPYETAL OO TOV NAL0 1 KATOL TNy QWTOG
Tov elvar mPog TG AEVKES amoyp®OELS. KataoKevaoTikd 6To OAOYPOaLLLLY ovAKANGNG 1] TN
QMTOG €lval amd TV UTPOCTIVI TAELPA TOV OAOYPUUUATOV £TGL AVTE OVTAVAUKADVTOL 0T
Vv miocw TAELPA TG Touviag mov ypnotpomotleitat. ‘Evoc e0koAog Tpdmog KOTAGKELG Kol
KOTOVONONG TOL OAOYPAUUOTOS oavakiaong eivar va tomobfemnbel o @oakdg tov Kvntov
umpootd and v tavio. Kpatdvrog pe 1o éva xEpt Tov oo kot pe 1o dALo TNV Tovio LE To
oAOYpappa, Bo TPEMEL TO MG va. givol PEPIKE €KATOGTH TAV®D OO TNV TOWVio, Kot Vo TV

@oTilel VO Yovid kKot £tot Ba dnuovpynOei to oAdypappa (Liti Holographics,2019).

84



Holographic
recording material

Coherent
light source

Object

Reference
beam

Object beam

] Avaylv@a oloypappato.

To avéylvea oroypdupata givar  katnyopio 1 omoia epeaviletol TAVM GE TICTOTIKES
kapteg (Prof. Elias N. Glytsis, 2018). Akoun to avéylveo oAoypappuaTo ¥p1oLoTotovVTal
o€ avtikeipeva o omoio TPEMEL VO VTTOGOVADVOLY TNV YVNGLOTNTO TOVG OTWS XPNHOTO Kot
dwPatnpro. To apykd oy€do KataypldeeTor o€ €va. VAIKO €vaicOnto 6t0 Qmg, KoOMG
AVOTTOGGETOL TO OAOYPOLLLO GTNV EMPAVELL TOV TULOVPYOVVTAL AVAOKADOCELS KO Y1 0VTO TOV
Aoyo tomoBeteitanl éva Aemtd otpdpa vikediov 1o omoio petd apopeite. Tédog Tomobeteiton

o AEnT] OTPMOON  UETOAAOL LE OMOTEAEGUO VO EXEL TEPLOCOTEPEG  AVOKAAGELC.
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YOUTEPACUATIKA Ta avayAvpo oAoypdupoata eivor évag GLuVOLOCUOS TOAAMY  TOTMV

oroypappdtov (Alec Jeong, Dr. Tung H. Jeong, 2005).

1 Ohoypappote VTOLOYIOTOV

Ta oloypbupoto vmoloyiotdv otnpilovior oto  podnuotikd  poviéla Yoo Vo
dnuovpynBovv (Prof. Elias N. Glytsis, 2018). Zvykekpyéva ta. OAOYPALILATO VTTOAOYIGTMOV
Basilovtar oty emeepyacio onjuatog tov Fourier. Xpnoomnotel to mAdtog kabmg Kot v
KOOKOTOINoN Pdong Mate vo umopéoet va TpoPAndel n sikdva odAd kot va yivel kaTovonto
péca omd Ta pdtio Tov avlpdmov. Ta OAOYPAULATE DTOAOYICTMOV UTOPEL VO TPOGPEPEL TNV
Browatpikn amekdvion (OTmg TV KoPSKY| ATEKOVIOT)) TPAYLLO TOV UTopEl va eT@eAeicEL

v wrpky (Kyoji Matsushima,2020).

1 Ohoypappata ovpaviov T0Eov

Ta ohoypdppata ovpaviov TGEov £govv TV 1010TNTA Vo ePeovilovy v 10ia edva pe
dpopeTikd ypopoto avdioyo pe v yovid 0éacng (Prof. Elias N. Glytsis, 2018).
Avoivticotepa avtd Paciletor oty amocvvieon Tov POTOS, M AVTOVAKAACT dNAadn TOV

Aevkov mTOC péoa amd Eva mepiPinua mepiblaonc dnuovpyel éva ovpdvio 16Eo. Tlap OAa
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avtd av o Bgoathg aAAGEEL eAdytota TV Yovid BEaong Tov pe Ta paTo TOTE TopaTnpeitat 0Tt
T0 ypopato aAAalovv.To apykd yp®dUO TOV TAPUTNPEITE EYEL VO KAVEL [LE TNV YOVIA TOL
TPOCTIMTEL TO AEVKO QMG KaOMOG Kot TNV yovid B€aong adAdd kot v mtepiodo. Av petafindei
N mepiodog o Beatng elval oe BEoM va avTIKPIGEL TPELS TOVTOYPOVA SLOPOPETIKEG TOTODETTEG
ypoudtov. Etol n 1010tteg avtég amotelodv T1g Pactkés apyEg TV OAOYPOUUAT®V 0VPEVIOn
16éov (An. Firsov, Alexander Firsov, Bernd Lochel, A. Erko, A.Svintson, Sergey Zaitsev,

2014).
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KE®AAAIO 7

7.1 Amotom®on Xuvoeospuoroyiog

‘Eva amd to o onUovTIKG VAIKG TOV YPNCUYLOTOUCAUE GTNV KOTAGKELY Hog ival To

Aéep (Ewdva 8.1), 10 omoio eivan cuveyég mepimov 200mW ko 12 V tpopodoacio.

Ewova 8.1: To 2é1ep tns draralijs pag.

H déoun tov Aéwlep katevBivetor oe évav kabBpéetn empdvelng 2cmx 3.5cm Kot
avakidatal. O kaBpéptng eivan Totobemuévog o€ éva Pnuatikd potép (Ewova 8.2) 1o omoio

€xel Ppa 7,5 poipeg (48 Prpata avd KHkro).

Eixova 8.2:To stepmotormov ypnoiuomoujOnke.:

88



To Pruatikd potép eréyyeton amd £va olokAnpopévo 1o uln2803 (Ewdva 8.3) to omoio
tpogodoteitar pe 12 V. xor déxetor evioléc amd Tov pkpd eheykt. Mécwm Ttov
OAOKANPOUEVOD ETIAEYETOL TO HOTEP VAL TAALETOL TTOAD Ypryopa pésa og Yovia 37,5 popov

Kot evoldpesa va kavel 5 otdoelg dapkelag 15msec.

Ewova 8.3:To uln2803 mov ypnoyomonjOnxe.

To ohoxAnpopévo khkiopo «ULN2803» ypnoiponoteitotl yio tnv 0d1ynon tov anviov
oV Pnuatikod Kvntpo mopéyovtog To amapoitmto peopo. To ULN2803A mepiéyel pua
oepd amd tpoviictop 50 V, 500 mA Darlington. Amoteleiton and oxktd (gvyn NPN
Darlington mov dwBétovv €£600vg LYNANG Téong pHe KOwEG S10d0vg KabOdoL Yo T
LETAY®OYT EMAYOYIKOV @optiov. H ovopactiky] Tiun tov cuAiéktn kabe Cevyovg Darlington
etvar 500 mA. Ta (evyn Darlington pmopodv va cuvdebodv moapdAinio yio vymidtepn
wavotto pevpartoc.l'evikd, pumopel emiong vo ypnopomombel yu olacHvoeon pe éva
Bnuoatikd potép, 6mov o Kwvntnpog omattel vynAég Pabuoroyieg ol omoieg dev pUmTOpOvV Vo

TapEXOVTOL OO GALEC GUGKEVES OLOGVVIEST|G.
Boaowég mpodiaypapéc:

e Ovopaotikd pevpa cvAréktn 500 mA (pio ££060¢)

® 'Eooog 50 V (vmapyet £€kdoom mov vroostnpilel £€odo 100 V)
o Ileprhapfaver diodog flyback e€6d0ov

o FEicodot cupPatéc pe TTL kot 5S-V CMOS hoykn

O 1pomog cvvdesporoyiog Tov oAlokAnpouévov kukhopotog «ULN2803» pe tov

Kwvnmpa eatvetal otnv Ewkova 8.4.
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S
IN2 ouT2 Ot
IN3 on ouT3 L1 7]
IN4 = ouT 4 B
(070) [ >t sl
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ING < ouT6 sl
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IN7 D ouT? =
[e}—1> el 1]
IN8 ouT 8 ona 5} o)

GND Common (+ve)

Eixova 8.4:0 tpomog cvvieouoloyios tov oloxlypousvov koxiouaros «ULN2803

v Ewoéva 8.5 gaiveror n cvvdeoporoyio g katookevng. EmAéEape va yivel 610

npoypappa fritzing

Eixova 8.5: Amotornwon covoeouoloyias (mpoypoupafiitzing)

Avokéntovtog po déoun pe éva addpaves HEGO (Y. TO YEPL HOG), M OVAKAQOCT) TOL

QMTOG A0 TO HECO OVIYVEVETOL OO UKL PMTONVIOTACT 1 0Toio €ival cuVOEdEUEVT LE TOV
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pucpogreykt). O pukpoeleyKtng, Umopel va avayvopicer mowo 0éoun €xel avaxomel
oLYKEKPIUEVN oTiyun ovvtovilovtag, HEC®  eVTOAMV, AéwWep, Pnuotikd potép Kot
eotoavtiotaon.H kdbe déoun Aéllep dlvel dlopopeTikd NAEKTPIKA ONUOTA-EVIOAES GTOV
pikpoereykt. O apBpdg tov decudv, 1N ToydTNTOG AmOKPIoNG Kol 1 gvaicOncio Tov

avtiotdoemv kabopilovrol Kot EAEYYOVTIOL Ao TOV avVoLYTO KMOKO TOV UIKPOEAEYKTN.

c2
——— - 4 v

1 SRS g 5 11T

§

WLNZE0ER
Arduira
Uno
(HEvd)

Sl

Ewova 8.6: Zyediaoy ovvdeons ULN ue Step motor kor Arduino.

Onwc PAémovpe kot otnv Ewkova 8.6, 6T0 KOKA®LO TOTOOETHGAUE L0 POTOOVTICTOOT N
omoio. GLVOEETOL GE GEWPA Le TNV OVTIOTOON KOl KATOANYEL 610 pinA, tov Arduino. H
eotoavtioTaon etvat por petafAnt) avtiotaon n i g omoiag oAAdlel avdioya pe ToO
QMG TOL TEPTEL TAV® GE OVTN. TN EOTOOVTIOTOON T GLVOVTAUE GE KUKADUATO TO. OTTOoin
0éhovv pe KAmolo TPOTO Vo avayveopicovy av to TePPariov elval eotevd N okotewvo. H
Aertovpyion g Qotoavtiotoong Paciletar otn petafoAin G TUAG TG, OVOAOYQ HE TNV
£VTOOT TOV QMTOG TOV MEPTEL TAVM TNG. X& OMOAVTO OKOTASL M avtioTtoon elval péylotn.
Epappoloviag 6pmg téon ota dxpa g, epeaviletor éva peduo Tov oeeidetol Kupimg o
Oepuikn Aertovpyia (pevpo okdTovg). Me v avénon g Evtaons Tov ®TOG, N AVIIcTOoN

TOV DAKOV HKPOivEL Kot EMTPETEL T dNovpyio LEYAA®Y PELUATOV.
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Eiwxova 8.7: Xvvoeon Arduinous kvoxioua.

Mo pmTOOVTIoTOON ETIAYVETAL A0 DVYNANG AVTIGTOONC NHOY®YOVS. AV TEGEL PMG GTNV
GLGKELT, LE OPKETA LYNAY GLYVOTNTA, TOTE PMOTOVIO ATOPPOPOVVTOL GO TOV MLLOY®YO Kot
JECUEVUEVO NAEKTPOVIO OTTOKTOVV OPKETH EVEPYELN, DGTE VO, ATOGTOGTOVV OO TO. (TOLO, TTOV
ta. deopevovy (Ewdva 8.8). Ta erebBepa nAextpdvia mov dnpovpyovvtat dyovv peupa Kot
aVTO £YEL GOV ATOTEAECUA TNV HEl®OT TNG AVTIGTOONC. XTO GKOTASL, £VOG POTONVTIGTAKTNG
umopel va éyel avtiotaon 1060 vynAn 6co apketég Megohms (MQ), evdd 610 QG €vog

(QOTOOVTICTAKTNG Uopel va £xel avtiotaon 1060 YoUnAn 660 pepikéc eKotovtddeg ohms.

Photons
Atoms
| "
Free electrons 0 °

—1>0 @ 8 b @

Q9 @

° s @ @ @
e © @ o 9o

Ewova 8.8: Apyn Lerrovpyios pwtoavricracng.

Yndpyovv dvo tomol pwtoavtictdcewv (Ewova 8.9) avaroya pe Tovg npuoymyovg mov
ypnoonotovvial. O TPMTOG TOTOG £ivol 0L EVOOYEVEIG KoL 0 dEVTEPOG EIVAL POTOAVTIOTAGELS

HE MUOLY®YOVS OV £YOVV TPOGUIEES. ZTOV TPAOTO TOHTOG POTONVTIGTACNG TO NAEKTPOHVIN
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TPOKEYEVOD VO OTOOEGUEVTOVV YPELALOVTIOL OPKETY EVEPYELD EVMD GTOV OEVTEPO AYOTEPM.
‘Etor n debtepn kartnyopla @otoovtiotdcewv pmopel vo enmpedletor kol omd QoG
YOUNAOTEP®Y GLYVOTHTOV. ME TIC POTOOVTIGTACELS EIVAL EPIKTN 1) KOTAGKELT ousOnTpmV
POTOC.

tlrar coating cwer

el 0o surface
\ = elpcirode; ol slechide

cokd e
Condacts
phococanduct s
matarind maer

caramic | 0P SuTabe

F']
[
g
e TermiEls

[ &7

AL [T\ 2N2222
Crocodile T }
light 47K* Y=

sensor _l_ -~ ouT

Eixova 8.9: I'svika yro. pwtoavricraocy.
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KE®AAAIO 8

8.1 MIDIInterface

Mo v Aertovpyion TG KATOOKELY] HOC, KTOG amd TOV KOO mov lval €vo amd To
anopaitnto otoryeio, fackd poro mailetl ko n eneepyacio v evioAdv. ‘Exovpe Aoutdv to
Arduinodémov otélvel eviodég MIDI péow tng oeplokng OOpag otov vroroyiot). Etot
ypnoporoovue to HairlessMidiserial yio va petatpéyet 1o oelprokd e MIDI. Oa npénet va

10 pvOuicovpe oe 9600 baudomov sivor 1 TaydINTO TOL YPNGUOTOOVUE GTOV KOIKO TOL

Arduino.

2TV GUVEYELD VO LTOPEGOVLE VO EVIILEPMCOVE TIG EQAPLOYES Y1 TN VEX EIKOVIKT] B0pa

MIDIypnoponotovpe to HairlessMidi.

= : SELp  Advanced  About |
My |oapbad: MIDI ports
[ Seridd <->MIDI Brdgs On
MIDT Cuk Hame Toswl data Throughgut / sec.
Serial port PC i a‘!UDL‘I"F_‘} Port: j J00pMID Port 351 0Byte I
snanamat
|.=m'ur.o U {COM3) X [ ] casey, MIDL N ‘
" uwannnn B |MotConnected) ']
[ Debug MIDI messages
184,131 - Serial Ini Ch T Mote 32 on veleoty © =
+186433 - Serial in: Ch 1: Mote 32 on velooty 127
+186.638 - Serial In: Ch 1: Note 52 on velocity ©
+166.697 - Seri h 1: Note 50 on velooity 127
+161101 - Senizl In: Chr 1: Note 50 o0 velocrty 0 N | HEE New portnzre: | loopMIDI Port 1
+ 188,080 - Serizl In: Ch 1: Mote 50 on velocity 127 =]

Ewcova 10.1: Ancixovion HairlessMidi kar LoopMidi.

Onwc mapoatmpovpe ommv Ewova 10.1 oto mpdypappa loopMidi €yovpe opicel éva
6vopa 10 omoio to emAéyovpe cav MIDIOut oto HairlessMidi. Emidéyovpe serialportoto

HairlessMidi ArduinoUno.

INo va oryovpgvtodpe 6T Aettovpyel cwotd, dOKIUALOVE KAEIVOVTOG (o d€our amd TV
KOTOOKELT HOG. AV ELOAVICTOVV TO OVTIGTOY0 UNVOUOTO GTO KAT® HEPOG TOL Topadupov
tov HairlessMidi eipacte éropol va mpoymprnoovpe 6to endpevo Prina mov etvar  ohvoeon
evog mpoypdppatog mov acyoieiton pe Mididote va €yovpe Kol X0 €KTOG Amd TV EKOVA.

Epeig emiéEape o LogicPro X.

8.2 Resolume Arena 6
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To resolume arena 6 givon €va software yu (ovravny piEn Bivreo. H Resolume 19pvonke to
2001 ot Xayn g OAhavdiag. Elvar pio pukpr] opddo Kot opoGiopévn 6To onpovpynpd
touG. To omtkd otoyyeio TG epunvelng yivetar oAOEVaL Kot TTO CTUOVTIKO, Wtaitepa LeTa&h
eKelvOV TOV TopayOydV Tov teivouy va gpeaviloviot {ovtovd pe 6yt moAd teplocdTePo and
évav @opnTod voAoyloth. O KOAOG TPOYPAUUATIOUOS Yo (o (OVTOVT EKTOUTY] CNUOIVEL VoL
glodyel Ypoeikd otnyv idwa 1 dadikacio mopaywyns avtd NTav Kot 1o {NTOVUEVO HOG GE 0VTNH
mv gpyacio.To resolume arena 6 Ntav avTd TOL YPECLOLAGTOV Y10 VO, TETVYOVLLE TOV GKOTO

LLOG.

LN o (1920 & 1080

Cyantfic 03 Gyaeanc s

Cyamific 08 Gantfic 1) Cysnemic 14

Vaaus Warp

Fin
Fotarfalexdo
Mirres Quast

Twdtch

Transform

[Tepiéyet Tig mapakdTm evotnTeg Yo TV Tpofoin tov Bivieo Kou Nymv.

Live video mixing
Audio visual playback
Projection mapping

Live composite & effects

e

¥10 OKO pog project ypnowwomomoope 2 and avtég, v {ovtavy pién Pivteo kot v
10pTOYPAPNON TPOBOATG.

To Resolume d100étn Aettovpyia oTAANG Yo ekkivnon kA Bivieo Kot oL o€ eMimeda Kot
epé petdfaong, evoeibelg potiopod Kot moAAd dAAa. ‘Etol, o omAn exkwvel kdbeta, avti
v optlovTia, OTMS 01 GKNVES KOl UTOPEL VoL POTIGEL Lo, OAOKAN PN apEVAL LE TANPN 0TOO0CT)
360 polpmv emToOc, Nyov N Nyov kai Pivieo. Eniong, ta kKl pmopovv va gvepyomombotdv
EKTOG TV OTNAGV Kot pe toyoia oepd. 'Etol, 1 ewootiky t€yvn 0ev gival pdvo vrompoidv
tov Resolume, givat eyyevig amd avto.
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8.3 LOGIC PRO X

‘Eva. dAho software mov amogachcape va ypnoyomotcovpe yio audio editing eivor o
(DAWS) logic pro X. To logic ivat éva and ta wo yvootd DAW oy ayopd. H 1otopia tov
Eexwvdel pepikd ypovia mptv mov n Emagic mpoondOnoe va €oPdAn otov kOGHO TV
HOVGIKAV g@appoymv. H yeppoavikn etoipeia mapoaymyng Nxov KukAOQPOPNOE EQAPUOYES Yia
TOPAY®OYN NYOV, emeEepyncio kol cLVOEST UOVGIKNG amd TNV enoyn tov Atari ST kot tov
Commodore 64. Otav ypnOLOTOOVVTIOV OVTEC Ol TAATQOPUES, 1) EUPANUOATIKA EQOPUOYN
ovopalotav Creator kot petd Notator. Tehkd n etarpeio anéppuye 10 mapatcovkit «C-Laby»
kot €ywve Emagic. To Notator Logic epgavictnke otn oknvi oTig apyEg e deK0eTiog Tov
1990 xa1 dev pbe oto Mac péypt v €kdoon 1.6 1o 1993 av kot frav dvckoro va TpéEet
emeldn ypealoTav Evav 1epdotio okAnpo dioko 600 MB. To Logic cuvéyioe va avanthoceTot
®G U0 EQOPUOYN TOAAATAGV TAATQOPUOV OlBéoiun 1660 o Mac 660 kal oe PC péypt
nepimov v ékdoon 5.5.1 - and exel ko mwépa, £ytve pdévo yro Mac.

Otav n Logic apyioe va paledel kowvd otig mpates pépeg tov Macintosh, n opun ytiotnke
apketd ypryopo. BAémete, 1o Logic Ntav (o and T TpdTec onUavTiKES epappoyés DAW
nmov meptedduPave o covito opydvav. Ta Pro Tools kot to (Digital) Performer, ta dvo
HEYOADTEPO «OTAOY €KELVT TNV €OYY|, YPNOLOTOMONKAY Giyovpa O EVPEWS - AAAL LI PYE
pa atdro. Xpewlotav éva mAnktporoyio MIDI pe (xovg 6to £6mTEPIKO TOL Y10 VOL YIVEL TO
OTIONTOTE EKTOG TNG EYYPOPIS NYOV LE £VOL LIKPOPMVO.

H Aoywn dAhace OAa avutd mpoceépovtag po Tepdotia covita Nyowv amd 1o EXS24 (to
KaBolkd derypatolmen) g ddpopa Opyava covitac EV, yia opyavikd kot petpd TANKTPOL.
o wpdt Qopd oce o PEYAAN EUTOPIKT KLKAOPOPIN, WITOPOVCEG VO OYOPAGELS £Vl
TPOYPOLLO Kol amd TPOETAOYN €lxe Evav TOVO opydvwv mov To cuvodevouvy. To Bempovpe
OLTOVONTO TOPW, OAAG NTOV L0l TPAYLOTIKA «OaTdpaén TS Propnyaviagy mov cuvEéPn Tote.

H Apple ayopace 1o Emagic 10 2002 kou pe v (KAT®G EUUOVIKT) €0TIOOCN TNG OTNV
anhotto, amokaivye to GarageBand to 2004. Htav vkoro va deig 1o «DNA» ¢ Logic oe
6Ao 1o GarageBand.

To Logic 7 pag épepe v evomomuévn o06vn Global Tracks. Avtd dtevkdAvve TOAD TV
TPOCUPLLOYY| TOV PLOLOV, TNG LIOYPAPNS TANKTPMOV, TWV VIOYPUP®V XPOVOL Kol TV SEIKTMOV
o€ £va £pYo.

Otav armokalvednke to Logic 8, 1o evOOUUTOUEVO EQE 0OV TPAYUOTIKO TOAAN OyOm).
[Mopovcidotnke 1o Delay Designer, 0nwg kot ta pevoy ke@aAidmv Tov mpdcshetv mov Hog
£0oav T JuvatdHTNTO VO GLYKPIVOLUE TIC PLOUICEIS LE TPONYOVLEVES TPOTOMON|GELC.
EwonyOn 1o Match EQ, poli pe t povtelomoinon og enimedo KUKAGUOTOC Yo To TpoOcheTal
OLUTIESTN. APy aALG GTOOEPA, ) AVAYKT Y10 AyOPa EEDMTEPIKMY GOVITAOV EPE GLPPIKVAOONKE
kabwg 10 Logic Pro dpyoe mpaypoatikd va mephapPdver évav tdévo epyaleiov piEng
EMOYYEALLOTIKOV EMTEOOV.

H ntdon yopaxmpiotikdv tov Logic 9 frav anidg tepdotia. Katd tn didpkela Tov €TOV

«€kdoon I eidape v eicaymyn tov Flex Time. H 616pBwon ypdvov Kot Tovov ftav Tpoctty
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KOl YPNOWLOTOUWCIUN Y. TOV HECO YPNOTH TOV OIKIKOD GTOUVTIO YWPIS £EMTEPIKES
BonOntikég epappoyéc.

Me 10 Logic Pro X (2013), n Apple éxer oOnoel mpaypotikd to Logic mg «otkochoTnuom.

To logic Pro X etvar n apym ko 10 T€A0G 0T0 project Hog.
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KE®AAAIO 9

9.1 Kataoken)

To apyikd mpocyédio g mupapidag £yve oe pikpoypagio viyovg 10cm evd mAatog 15cm.
21 Béom TV Aeopdosmv TomobetnOnke Eva tablet.

Eixova 9.1: Ilpocyédio mopouidoag amno yoali

X1 0éom TV Aeopdocmv TorobetnOnke £va tablet.

A@oV 10 TPOGYESI0 AEITOVPYNGE TPOYMPNOAUE TNV KOVOVIKY KOTUGKELN UE TIG KOVOVIKEG
dwotaoelc. To project mapovstalel po aAANAenidopacn HETOED VO N TPV atOp®V. Méca
070 OMUATIO TOPACOVGINCTC VINPYE AL TPLY®VIKY avdmodn mopapido. To TAdTog ¢ omoia
elval TPV pétpa v T0 HYOS NG 0Vo péTpa. To VAKO TG elvar amd Tlaut. e Kabe TAgvpa
g mopapidag torofetnOnke pia Aedpaon 55 wilov kot pe kKAnon mpog v mupapida 30
poipeg. H poipeg avtég nrav avaykaieg ®ote T0 avtikeipevo mov tpofdietal otnv mopopidoo
va glvat avtikelpeviko o péyebog Kot dtootdoelc. H tpeig tnieopdoelg etvat g Samsung Kot
etvar 1o 1010 povtédo emiong €yovv Yivel KOAANUTPEIGOV KOl GTIC TPELS DGTE TO LOOPO Vo
etvar wpaypotikd kot Oyt mpog 1o yKkpi. H mopopido 6mmg kot ot tnieopdoelg nrov
tomofetnpévec TAve o€ oL oknvn Tov glyape eTidéel Yyoug 1,20 puétpa.
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Ewova 9.2: ITvpauioa npayuatixo uéyedog

Avto ovvéPel wote o Beatng vo unv pmopet va oet anevbeiag tig tAcopdoeic. Katm and
KGOe mhevpa TG TVPAUISOG VINPYE aTO Eva NXEL0 TOL 1 KoTevBUVOT TOL KabeVOG KO1TOVGE
mv Kabe apma, kabdg emiong kot €va subwoofer oto kévipo akpipdg KAt omd TNV
mopapda. To cvotnua meprapPdver tpelg apmec Aeilep amd TG OmoOieg M Ui MTOV TO
pdotep. Ko n tpeig dpmeg elyav amd 5 déoueg ol omoieg eméheyav Tt Oa mwpoPdrete otnyv
Topapida kot T o Ba Ttoulel amd Kabe déoun.

Ewova 9.3: Xto tafavi matnpodue tig déoues tov kale Aé1iep
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2tV dpmo wov opictnke g pdotep Nrov totobenuéva téocepa touch button eriaypéva aro
EM{YPLOO VAIKO KOl AEITOVPYOLV G TVKVOTIKOL aicOnmpeg. Or awsOntipec dAhalov Ta
samples mov nailel og ewdva kot Nyo avtdypova. H aAlayn avth mpaypotonoteiton Kot 6Tig
tpelg Gpmec Aélep. Me amotéhecpa OMOLOC EAEYYE TNVOPTO ULOCTEP EMEAEYE TOWH TEVTE
samples Oa maifovv oTig TEVTE dépEg amd TIG AALEG OLO APTES. LTO KEVIPO TOL GUGTNLOTOG
vrdpyel €vo mac mini pe eneepyoot 17 kar 16GB ram 1o omoio kdver OAN ™ dovAeia TG
enefepyaociag. Ta software mov ypnolomolovvIon ewvot Tpio SUPOPETIKA Kol AETOLPYOHV
Tavtoypova. Avtd etvar to arena 6, to Logic pro X ko to hairless midi.

Ot dpmeg eivar cuvdedepéveg v mac mini pe usb evod 1 tpeig 006veg pe hdmi.

Eiwxova 9.4: Telikn uopon, nopoveiacy spyocios
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Ewova 9.5: Ilapatnpoduce tis déoucs twv kabe J&éep

101



10.1

KE®AAAIO 10

Mehirovtikég Epyaocieg

H ovykekpyévn kataokevr] éxet v dvvatdmto mepourtépo eEEMENG 1060 GTO

KOTOOKELOOTIKO KOUUATL OGO KOl OTNV YPNCIULOTNTA TOV. XTNnV cLVEXEW B avapepHovv

Koo mopadeiypota yio eEEMEN GTO KATOUGKELUGTIKO UEPOC.

[]

O O o o o o o

[IpocOnkn mepiocdTepmv o Tpov ®TOG: pe avtny TV TpocHnkn divovpe v
SVVATOTNTO GTOV EKTEAEGTI| VO YPNCUYLOTOMGEL KO TO, VO TOV XEPLOL.

[IpocOnkn asOntipa TayvTNTOC.

[Tpocbnkn asOntrpa andcTOoC.

[Tpocbnkn acOntpwv thong.

[TpocHnkn xovpummv.

[IpocOnkn mepiocotepmv Aéilep.

Hpocnkn eotoypaguiig unyovig.

[Tpocbnkn KpOPOV®V.
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KE®AAAIO 11

11.1 Xvunepdaopara

[l Kartaokevdoope £vo potoguaictnto niexktpovikd povoikd dpyavo pe déopeg Laser
(Laser harp avoytov tomov). Ilpdkertonr ywo por avoyyt] mAateoppo (didtaén)
LOVGIKNG ONUovPYIag HEGM OTTIKO-NAEKTPOVIK®V SEMAP®V (a1cOnTpOV).

(] Anpovpynoope tov KATOAANAO K®OKO ©T0 HIKpoeleyktn (Arduino) vy tov
CLYYPOVIGUO TOV OTNTIKO-NAEKTPOVIK®OV SETAP®V KoODG Kot Yol ToV KoBopiopd tov
aplBpov TV decUMV, NG TOYLTNTO OTOKPIoNG KOl TG evocOnciog Tov Pnpatikod
LOTEP KOl TOV POTOAVTIIGTACEWDV.

[ Koatomy moAAdV TEWPAUATIGUAOV, EVOALAYOV KOl OOKIU®V TOCO GTOV NAEKTPOVIKO
oYEOICUO 000 Kol 6ToV KMAKa Tov Arduino 10 TeEMKO OMOTEAEGUO NTOV TOAD
KOVOTOMTIKO Le VYNAES amoKkpioels

T "Exet v duvatdtnto v OMovpyel Kol Vo ovomapdyel Yous Kot YEVIKO LOVGIKES
apOpdcEIS Gav £vog TpayraTikdg yevikog ereyktng MIDI.

Atver v ehevbepia oTov dNovpyo va emieyel 6010 LOVGIKO Opyavo eTBVLEL.

1 Ov apBpaocelg pmopovv va mepthappdvoov myotoria, dAadn cOvoro Nywv mov
Tapdyovtal o€ €vo  OKOGUGTNUM, €£ite  avOpomoyevedv (HOVLoIKY], avOpdTIVN
CLUTEPLPOPE, MNYOL TOV TOPAYOVTOL OO TO HEGH HETAPOPAS, TIG Prounyavies, K.o.)
elte puokdV (6TmG N0l {O®V, KAPIK®V KOl YEOAOYIKOV QOIVOUEV®V, K.0.)

"1 Expetaddevetal v KivnoloAoyio Tov avOpdmov

1 H evkoMo pe v omoiot OMOLPYEITOL KOL OVOTOPAYETOL 1) LOVGIKY, HEC® TNG
dltaén poc, Ba UmopovsE Vo TV KOTAGTNOEL OC éva epyaAreio expddnong Kot
yoyayoyiog yio avipomovg kdbe nikiog (kKupiog moudid) mov dev amoITel LOVGIKN
yvoon, kabng Kot icmg g éva gpyaleio povowobepansiog Adym Tov 0Tt cLVOVELEL
JPOPETIKEG HOPPEG EKPPUoNS OmmG eivar M Kivnom, o AOYOS Kot 1 HOLGIKY 1)
NYNTIKN ONpovpyio, HEGH TOV LOVGIKOD OVTOCYESIAGILO

] To obvomuo pog €xel 10 TAEOVEKTNUO, EMEKTOONG HE EMMAEOV  ouoONTNPES

TPOGPEPOVTOG TOAD UEYAADTEPT O10OPACTIKOTNTO.
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KE®AAAIO 12

12.1 llpoppota

Katé v npoondbeia va Ppodue 1o KotdAAnAo step motor 1o omoio va KAvel KOADTEPT Kol
ypnyopdtepn  kivnon onupiovpyndnke mpOPANUo pe TO  OAOKANPOUEVO. MV Opyn
ypnoomomoope to j5363 step motor kot kdnke 1o olokAnpouévo ATMEGA2004
Enopévog xatanéope oto NMB PM35s-048-TKB5 LOTNO. TC9417A step motor kot to

LOVTEAO TOV OAOKANp®uEVO uln2803.

H mpot doxun g kataokevng éywve pe €va Laser pkpng woydc. [apatnpnioope otL ot
déopeg dev Mtav 1660 gueavég Kot £tot emAélape éva Laser pe peyaldtepn woydc. To Aélep
OV YPNOLUOTOLEITOL Yoo TNV TOPOLGiooN NG gpyaciog €ivol To zeus pe pNKog KOUOTOG

532nm kat 1oy0g mepimov 200mW.
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