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AHAQSH ZYITPADEA NTYXIAKHZ EPTAZIAZ
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Iepiinyn

H mopodoo mtuylokn epyoacio €rel oG oTOXO TNV €KTOidELON Kol €EOIKEIMON TOV
HoOnNTdV Kol QoItNTdVv He TNV AEITOLPYiOL €VOG OLTOUOTOV POUTOTIKOV  Ppoyiova.
AVTIPos®REDEL TOVG POUTOTIKOVG Ppayioveg Tov ypnoiponotobvtal oty Paptd Prounyavia,
OOV 0 GMOTOG YEPIGUOG KO TPOYPOUUOTICUOG TOVG gival avaykaiog, TOGO Yo TV COGTN
Aertovpyior g Prounyaviog, 660 kol ywoo TV ac@Aaieln TV gpyalopévov. Metd v
eCokeimon Tov pabnTeLdUEVOL LE TOV YDPO AElTovpYiog Tov Ppayiova, Kot TOV YEPIGUO TOV
ne acedrela, Ba sivar oe B€on va Tov Tpoypappotiost pe peyovtepn dveon. H yprion kot o
TPOYPOUUATIGHOG TOV Bpoyiova ota oxoAeio Oa eivarl évo onUOVTIKO TAEOVEKTNLO Y10, TOVG
LEAALOVTIKOVG (POUTNTEG, TPOKELUEVOL VO YVOPIGOLV EUTPOKTO TOV OLTOUOTIGUO YO TPOTN
eopad pe acedieln. Ot poumrtég Ba umopovv vo emavordfoovv g Pacikég apyés evog

poumotikob Bpoyiova, Kot vo tpoPfodv oe SVGKOAITEPES EPAPLOYES.

H Aertovpyio yopileton oe  dvo pépn. To mpodto pépog Paciletar otig pvAUEC,
TPOKEWEVOL va OeiEOVV GTOV EVOLAPEPOLEVO TIG SLVATOTNTEG KIvnomg TOov POUTOTIKOV
Bpayiova, oynuatiloviog cUYKEKPLEVE CYTLOTO TOV EMAEYTNKOV OO EUAS, OVAAOYO LE TO
noto kovumi (button) £xel emiéyel. Ta oyuata aVTd TPAypaTonolovvTIol o€ GEoveg x-y (X-Y)
N oe y-C (y-z). EmAéybnkav o xoxhog ko n kapdid o¢ to Pacikd oyfuota. O kOKAOG
emAéyOnke mpokeipevov va OgiEel OTL evd LRAPYOLV TEPLOPICUOL OTIS KIVINOES TMOV
oepPoxvnmpov, He TOV KATAAANAO KOdKa 0 Kabévag pmopel va toug Eemepdoet. H kapod
AVTITPOCMOTEVEL VAL GLVOLOGTIKO GYNUO dVO MUKVKAIOV Kol dvo KADETOV YPAUUDV, HE
OTAOTEPO OKOMO VO UTOPEL O EVOLLPEPOUEVOS VO KATOVONOEL OTL UTOPEL Vo dNUIOVPYNGEL
oynuota NuItedn Kabog Kot maporinAdypappa, q tpryovikd. To keypad mepiapfaver ko
éva button mov mpaypotonotel elkogdn kivnon (spiral). Avtiy n kivnon emAéyOnke dote o
HaBNTELOUEVOG VO LITOPEL VAL OEL TG UTOPEL VO TPOYPOUUOTIGEL KIVIIGELS TPV OOGTACEWV
r-y-C (x-y-z). H ovtopatomomuévn Aettovpyion ypnowpomotei v Oewpia ¢ oaviictpoen
KIVNUOTIKNG, TPOKEIUEVOL Vo Tpaypotonom ol ¢ embountég kivnoes. To devtepo pépog

amoteleiton amd TV yepokivnn Asrtovpyio Tov v Ady® Bpayiova e TO XEPIGTNPIO.

Mo v mpaypatomoinon g €QOPUOYNG YPNOUOTOMONKE 0 POUTOTIKOS Ppoayiovag,
HOVTEAOL: 6 DOF Robotic Arm. O enelepyoostig  mov ypnolonombnke otov
TPOYPOUUATIGHO Yl TIC KWNGES Tov Ppoayiova, givar to Arduino Mega ADK péow tov
omoiov vrapyel emkowwvia pe to mAnktpoAdyo (keypad). Kdabe button vrodnimver pio

TP Kivnon pe emotpoen oty opyikn 0éon. [épa twv avtopaTomToMuUéEVEOY KIvi|GE®Y, TO
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keypad meprhapfavel kot To button emAoyng g xeypoxivntng Aettovpyioc. I'a tnv madon ko
TNV EMOVEKKIVNON TNG XEWPOKivTNG Aettovpyiag vdpyet £va povpo button amopovopévo amd
10 keypad. ['a v dpeon mavon 6ANG TG EQOPLOYNG VTTAPYEL TO KOKKIVO button.To chotnua
00 Bpoyiova Tpopodoteitar PECSH TOV TPOEPOJOTIKOV VTOAOYIOTH KOl €VOG KUKAMUATOG

Kavovikomowmtn (regulator).
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Abstract

The aim of this thesis is to educate and familiarize students of both lower and higher
education with the use of an automatic robotic arm. This sample is widely used for industrial
purposes; it is essential that these robotic arms are used and programmed carefully, not only to
promote their accurate industrial use, but also to ensure the safety of the work force. As soon
as one gets better acquainted with the functions and correct handling of the robotic arm, he
will be able to control and program it a lot more easily. Furthermore, their use in schools will
contribute in introducing a new set of abilities for students to come, helping them come into
contact with automation for the very first time. Thereafter, the students in question will be able
to replicate the fundamental principles of robotic arms and, more importantly, proceed into

more difficult applications.

There are two parts that contribute in the functioning procedure of a robotic arm. The
first part is based on memory, which demonstrate the capacities of the robotic arm in terms of
movement; they form specific types of shapes depending on which button has been pressed by
the operator. These shapes are performed in an axis x-y or y-z. For this study, the two chosen
types were a circular and a heart-shaped one. The circle was chosen in an attempt to show that,
even though there are certain restrictions in the movements of the servomotors, everyone can
overcome them using the appropriate code. The shape of the heart was accomplished through
a combinatorial shape of two semi- circles and two vertical lines, which would naturally help
the operator in realizing his potential in creating imperfect, parallelogram as well as triangular
shapes. The keypad consists of a button that produces spiral movement. This movement was
chosen in order for the students to understand how to program three- dimensional movements
(x-y-z). This automatic function implicates the theory and equations of inverse kinematics, in
order to achieve the intended movements. The second part is mainly associated with the

manual function of said robotic arm with the nunchuck.

This practice was carried out by using the 6 DOF Robotic arm. The processor that was
applied throughout the programming procedure for the movements of the robotic arm was the
Arduino Mega ADK; this model provides a link with the keypad and each button leads to a
complete movement and direct return to the initial position. Apart from these automatic
movements, the keypad includes a button that allows manual use. In order to pause or restart
this manual function, there is also a black button which is isolated from the keypad itself.

Furthermore, a red button is also installed in case there is a need for immediate cancellation of
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the practice. Lastly, the robotic system is fueled by the power supply (of a computer) and a

regulator.
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Evyopwotieg

H mapovoa epyacio £yl £vo GUYKEKPIUEVO GKOTO, VOL YIVEL TO TPAOTO EIGAYMYIKO Priua,
TPOKEWWEVOL Vo ®ONncel véa Atopd o©TOV  TEYVOAOYIKO TouEd, KOl E0IKOTEPO GTOV
ALTOHOTIGHO. Agv Ba NTav £PkTd v oAoKANpwOel 1 gpyacia avtn, yopic v Kabodnynon
oV Kupiov MiyamA [Momovtoddkn kot Tov kupiov Mdakn Xatlémoviov yia v Bondeta Tovg
o1V vAoToinom ¢ mapovoag epyaciag. Eniong opeilovpe Eva peyddo evyoplotd oTov KHPLo
Kootavtivo Eepepion, mov pe v molvtyun Ponbewa tov, m epyacia eivalr otov o

emtuynpévo g Padbuod. Tovg opeilovpie va evyoplotd 1 BaOn kapdiog.

TMHMA MHXANIKON AYTOMATIZEMOY YeAiba 9



«(TPOI'PAMMATIEMOZX EKITAIAEYTIKOY POMIIOTIKOY BPAXIONA ME MNHMEZX)»

Ewcaymyn

H g&éMEn tov Homo Erectus ompiymke 6TV cLCOPELTIKY YVOON TS KATAOKELTG KO
YPNONG EPYUAEI®V, YEYOVOS TOV 001YNOE 0N HETEEEMEN TOV TOMTIGLOV TOL KOl GTNV AToPYN

™G TEXVOAOYIKNG aVATTTUENG.

2y chyypovn €moyN TG TEYVOAOYIKNG YIYAVI®GNg To Toudid Epyovion gv0Hg e&apyns
0€ EMOQPY HE TNV TEXVOAOYiQ, YeYOVOS OV KaBIoTA amapaitnTn Tn ¥PNoN TOV HEGHOV OVTNG,
OTNV EKTOLOEVTIKN OlodIKacio, MoTe va emEADeL 1 €E0KEI®ON UE AT Kol 1] TPOKINON TOV

Bactkdv deEloTTwv.

H sioaywyn tov poumotikod Bpoyiova otnv ekmaidevtikny dadikacio Bo cupfdiel dote
01 VEOL VO YVopicovV Kol Vo KATavonoouv 6€ BA00G pa TTuyr| g TEXVOAOYIKNG avATTLENG

MGTE VO GLVOPALLOVY KO 01 10101 6NV TTEPETAlp® EEEMEN TNG.

TMHMA MHXANIKON AYTOMATIZEMOY XeAlba 10
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KE®AAAIO 1

Iotopucn} avadpopr] Tov Popmotikov Ppayiova kot tng Xoyypovne

Exnaiogvong

H ¢todo&ia tov avBpdmov va dnpovpyncet unyovég mov Ba tov épotalov TO60 oTnyV
Hopen 0G0 Kot GTNV AEITOLPYIa, TN GLVAVTIAUE Y10 TPAOTN POPA otV EAANVIKN pvboloyia. O
TéAog, 0 puBudg YdAkivog yiyavtag mov katookevace o 'Healotog Yoo voo TpOGTUTEVEL TNV
Kpnm and tovg e16PoANG, anotedel 10 Tp®dTO “avTtONATO pOoUTdT” oty avBpwmivi otopio. H
AEEN robot elonyOnke oto ayyAikd Ae&iloyio to 1921, amd tov Beatpikd cvyypapéo Karel

Capek oto épyo Tov Rossum's Universal Robots. (PAéne [1])

H Unimation ftav 1 Tp@dtn €T0upeio IOV TOpyoye poumot, 10pvonke ond tov George C.
Devol kot tov Joseph F. Engelberger 1o 1956. To mp®to [LOVTELO TOV KATAGKEDAGE NTOV EVOC
YEPLOTNG 0 0molog eKTeEAOVGE Lo GEWPA emavarapPoavopeveoy Kiviocewv. H Agtitovpyia tov
NTav 1 HETOPOPE OVTIKEIEVOV amd £vo onueio g KAmolo GAAO, Yia amooTdoels 4 HETP®V TO
TOAD, Kot ovopdlovtay "unyoveég TpoypoUUaTIoHEVOVY petagopav". O Victor Scheinman oto
[Movemotwo tov Xtdveopvt, 1969, avaxdioye to "Bpayiova tov Xtdveopvt". Amotelovoe
TOV TPATO POUTOTIKO cuotnua pe €61 faburods elevbepiag (€61 apBpidoelg) mov pmopovce va
npaypatomolel avbaipeteg Kvnoelg oto yopo pe akpifera. Tn dekoetio mov axoAovOnoce,
WpuOnkav véeg etoupiec ol omoieg AOY0 AVIOY®OVICUOD OOUOPPOGAV TOV TOUED TNG

POUTOTIKNG 010G elvar Yvmotog onjuepa. (PAéne [2] )

H paydaio €€€MEN ™ TeXVOAOYING AVATOPEVKTO EMNPEOCE OAOVG TOVS TOUEIS TNG
avOpomvng eEEMENG Kol AcPAANDG 1| EKTaidgLoN 0V Ba UTOPOVGE VoL UNV AmOTEAECEL VAL OO
ta dueca media epappoyng me. To 1960, sionydnoav doKWACTIKE GE KOOl GYOAEld TO
PUOOE®MVO Kol 1 TNAEOPOUCT] KOl OTMOTEAEGAV TO TPMTO PAUOTO Y10 TNV OMTIKO-OKOVGTIKY
dwaokaAio. Ot modaymyol kol youyoAdyolr mapoatipnoav v Oetikn emppon TOV
TEYVOAOYIK®OV HECHOV GTOLG HOONTELOUEVOLS KOL EVEPYNOOV TPOKEWEVOL Vo, gloayBovv
TEPLOGOTEPES TEXVOAOYIKEG EQUPUOYEG otnv Tadeio. Méypt 1o étog tov 2000, m mondeio
TOYKOGU®MG eUmAoVTIcE TOV €KTOOEVTIKO €EOMAIOUO, TO. EMUOPPOTIKE VAKE Kol TnV

eCatopkevpévn pabnon. (BAéne [3])
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KE®AAAIO 2
Eg@appoyég ECehypévov Popmotik@v Zvotnpatov

To poumoTiKd GLGTAUATO KOl 1O10ATEPO Ol POUTOTIKOL PPayloveg, yYPNOLOTOIOVVTOL
EVPEMG 0 OAOVLG TOUG ONUOVTIKOVG Topelc TV Kanupepwvomtd poag. H e&éMén g
teyvoroyiag £xel ouvoebel apeca pe v e&€MEn g Propnyavias. O popmotkds Ppayiovag
YPNOWOTOIEITOL O  €QPAPUOYEG OLOKEVOCING, OnNOC eyYKIPOTIOUOG, TOAETOMOINoN -
amoraietonoinon kabmg Kot Yo 101KES epyacies. AAMACEL KePAA avadoya LE TNV EKAGTOTE
epapuoyn, amoktdvrog eEotpetikn eveléio. Kdamowa tumkd moapadetypoata mopovcidlovral

OTIG TOPOKAT® TOPAYPAPOVG.
2.1.  Popmotikoc Bpayiovog Zvykoiicewv

‘Eva. and to Pacikdtepa epyodeia g Prounyoviag sivor o poumotikdg Ppoyiovog
ovykoAMoewv. Agitovpyel cuvnbog pe 6 Paburodc elevbepiag kot oe dEoveg X-Y-Z. v
dxpn Tov Ppayiova, €xel TOV GLYKOAANTIKO TLPCO Kot €ivol GLVOESEUEVOC PE TN Uy oV
ovykOAANonG, pvOuilovtog HECH TPOYPAUUOTOS TN AELTOVPYIN Kol TIC TOPAUETPOVS TG,
avdioyo pe to ekdotote Katepyalopevo vAkd. TIpocpépel Bédtiot axpifeia Kot TayhTnTa
oLYKOAANOMNG, eVO EAcPaLilel Aplon Kot oTadep] TOLOTNTA TOV TAPAYOLEVOL TPOIOVTOG, GE
eMdyoTo YpoOvo. Xpnolpomoteitar yio v GLYKOAANGT VAKOV, cuvifmg Popémv peTdAl®V,
TOV GUVOVTAUE GLYVO GE ovtoktvnToPlopunyovia, ce SWAMOTAPLO KOl G GAAES TAPOUOLEG
ePapuoYES. (PAéme [4]) v mopakdTo KOV QOIVETOL £VOG TUTIKOG POUTOTIKOG Bporyiovag

GVYKOAANGEWV:

Ewova 2.1. Atdraén Pourotikov Bpayiova ZvykoAincemv.

TMHMA MHXANIKON AYTOMATIZEMOY XeAiba 12
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Ipoonéhaon otig 2/2/2016. Yrepovvdeouoc: http://weldinganswers.com/can-you-benefit-from-
robotic-arc-welding/ (ITpocoy1: 1o Bewpntikd HEPOG AVTNG THG EPYAGING OAES OL EIKOVEG KoL TO,

GYNULOTA TOV YPMGLHoTomfnKay, eivol amokAEIGTIKA Y10t EKTOOEVTIKY XPNON.)

2.2. Popmotikég Bpayiovag IMaretomoinong @appokofropnyaviog

Ta poumotikd avtd cvotiuata Kwvovvtol oe 4 pe 5 a&oveg, Exovv ™V dvvaTOTNTO
avOYmoNg PopTiov péEYptL Kot 35 KIAMV Kot Aertovpyohv o€ TaydTNTo Kivnong g Taéng Tmv
180 pétpwv to Aemtd. OAn 1 dwdikocio Kot To eTUEPOVS Pripata, péypt Ko v £€Eodo, ivar
TMpwg avtopatoromuéva. H Aettovpyio toug ywpilete oe dvo oKEAN, TNV GLALOYN KoL TNV

amofnKevon PaPUAK®V.

Ot mopayyerieg Tov KIPOTIOV pE To EAPUAKO GLAAEYOVTOL Kot KodkomolovvTal. Kdbe
napayyeiio £xel évav 0o Kodkd. H Kodikomoinon tov Qopudkov Kot KaToym®pion Tov
TANPOPopLOV dnAdvovtal 6to cuotnue WMS (Warehouse Management System), éva evpuég
CUGTNHIO OVTOUATNG ETAOYNG KMOKAOV, Kol EMAOYNG ™G PBéATIoTG Béomc amobnievTiK®V
papldv. To @dppoko TOToOETOLVTOL GE KMOWKOTOUEVES, OVAAOYO HE TNV TOpoyyeAia,
TOAETEG, KOl LETAPEPOVTOL HECH TOV TOWVIOOpOU®OV (1UdvT®mV) oto onpeio Tehkol eAEyyov,

omov eAéyyovtat Kot cuokevalovrtal. H amobnkevon tov gapudxmy.

Aoy Tto Ogdopéva TV Qappakov Exovv kotoyopnbel oto WMS, 1o moAéta
LETOQEPOVTOL LE TOVLG WAVTEG UEYPL TO omnueio mapoariafng tov yepavov otoifagng. Ot
vepavol Exovv €va e101KO AOYIGHIKO Kot amoTeAoVV Lo GEPE S1adIKOGIDV, dOCUEVES amd TO
ocvotnua WMS. Avdroya e 1o mola cepd papidv Oa mpénel va tomobetnBel | kébe maréta,

o Bpayiovag v tomobetel otn Béom mov 0 cvoTNUA ExEl EMAEEEL, OOV KO AmOONKEVETAL.

(BAéme [5])
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Ewova 2.2. Avdragn Popnotikov Bpayilova [Taietomoinong @appokofopnyaviog

[Mpoomélaon otig 2/2/2016. Yrepovvdeopog: http://www.razor.tv/video/969190/robots-help-to-

dispense-medicine-at-tan-tock-seng-hospital

2.3.  Popmotikog Xvokevootic @appokofropnyoaviog

Ta televtaio YpOVICL GTOV VYELOVOUIKO YMPO £YEL KAVEL TNV ELPAVIGT] TOV O POUTOTIKOG
OLOKELOOTNG Qapuakeiov. Agrtovpyel mhvto G KAEGTO YOPO, YL TNV SOTNPNCT TOL
OTOCTEPOUEVOL TEPPAALOVTOS, KOODS Kol Yy TV TPOoTasios Tov ond  eEMTEPIKOVG
TapAyovTeg. AQov KotoympnOel, 6To0 GOGTNO TOL VTOAOYIGTH TOV PUPLOKEIOV, N aiTnon TG
TapoyyeEAaG Tov TEAATN, and ToV VTAAANA0, 0 Ppayiovac Kiveite petald TV amodnKeLTIKOV
paPLOV Kol GLAAEYEL Ta cwotd @dppoka. Evtomiler v tomobesio tov ovykekpiuévov
eapudkov, mov Tov (NTNONKE, YPNOWOTOLDOVTIOG TOV Gop®T Ypoppokddko (Bar-code
scanner). Méow evdg cvatipatog Bar-code, kwducomotel Kot TomodeTel pio eTIKETO TOVED GTO
TOKETO LE TO OTOUYEID TOV TEAATN KO TI TANPOPOPIES YIOL TNV COCTY| ANYT TOL PAPLAKOV.
"Yotepa oTéAVEL TO TOKETO, HEC® €VOG GUOTHUOTOC HE WAvTa, oTovV Xdpo mapdadoong. O

VIGAANAOG GLYKPIVEL TNV TTOpayYEAIDL LE TO TAKETO Kal TO Tapadidel otov mehdtn. (BAéne [6] )
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Ewova 2.3. Popmotikog Luokevaotc Pappakeiov.

Ipoonéhaon otig 13/8/2015. Yrepobvdeopog: http://www.cambridge-news.co.uk/Addenbrooke-8217-
s-pharamacy-team-reduces/story-28348464-detail/story.html

24. Popmotikn Xepovpyukn

H Wéa g poumotikig yepovpykng Eexivnoe and to evolapépov g NASA Kot Tov
otpatod Tov Hvopéveov Ilolteidv g Apeptkng, ®ote €dkol yelpodpyot va. umopoldv va
TPAYLOTOTOOVV EMEUPACELS OE ACTPOVAVTEG, LE EMEIYOVTO XEPOLPYIKE TPOoPAHaTa VYEing
KOl TPOVUOTICUEVOL GTPATIOTES 6TO Tedio NG udymg. To 1995 dnovpynnke 10 popmotikd
ocvotuo da Vinci, 10 povadikO HEXPL ONUEPO GUCTNUO POUTOTIKNG  YEPOVPYIKNS.
[Ipaypotonotel eyyelpnoelg e TV EAAYIOTA SLVATY ETEUPACT GTOV OPYOVIGUO TOV 0.oHEVOVG
Kol Eac@aAlel oTOV XEPOLPYO TNV €MTVYY KOl AoQOAn OeCaywyn g eméuPaong. Eivan
EQOJLIGUEVO LE EDKOUTTO AATOPOCKOTIKA epyaieia mov Bupilovy v edevbepia kivnong Tov
avOpOTIVOL KaPTOV Kot SIveL TNV duvVATOTNTO GTOV XEPOLPYO VO EKTEAEL TOADTAOKES KIVIGELG
axpiPeioc. Emiong ow0Bétel éva ocHotUa QAKOV TPIGOACTATNG OTEWKOVIONSG, TO OTOL0
peyeBvvet to yepovpykod medio péypt ko 15 popéc. To ovotua daVinci amoteleiton and tpia
Boacwkd pEPN, OTOG (PEVETE OTNV EIKOVO TOPOKATM: TNV TPOYNAatn Pdacn tpioddctang

AMEWOVIONG, TNV TpoyNAatn Bacn Bpaytovey kat Ty Koveoria Tov xepovpyov. (BAéne [7] )

TMHMA MHXANIKON AYTOMATIZEMOY YeAida 15


http://www.cambridge-news.co.uk/Addenbrooke-8217-s-pharamacy-team-reduces/story-28348464-detail/story.html
http://www.cambridge-news.co.uk/Addenbrooke-8217-s-pharamacy-team-reduces/story-28348464-detail/story.html

«(TPOI'PAMMATIEMOZX EKITAIAEYTIKOY POMIIOTIKOY BPAXIONA ME MNHMEZX)»

Ewova 2.4. O EEomhopdg g Popmotikng Xepovpykng.

IMpoomélaon oTIg 19/7/2015. Ynepohvdeoog: http://urology-
athens.gr/%CE%B5%CF%80%CE%B5%CE%BC%CE%B2%CE%AC%CF%83%CE%B5%CE%B9
%CF%82/32-
%CF%81%CE%BF%CE%BC%CF%80%CE%BF%CF%84%CE%B9%CE%BAY%CE%AE-
%CF%87%CE%B5%CE%B9%CF%81%CE%BF%CF%85%CF%81%CE%B3%CE%B9%CE%BA%Y
CE%AE.html

2.5.  Popmotik6c TKOKIGTIG

O poumoTiKdg OKOKIGTNG GLVOVTATOL, TOLG TEAELTOIOVS TPES OUDVEG, HE TOAAEG
JLPOPETIKEG JATAEELS KO KOTAOKEVEG, 0AAG OAec Pacilovtor otnv 101 apyn Aettovpyldg.
AmoteAeitan and Evav aeOntpag (cvvnBwg ctov mivaka Tov oKaklov), Tov €W00TolEl TOV
VTOAOYIOTH YW TO T Kivmom mpaypatomomOnke. Emiong, o kddwdg tov elvar moAd
OLYKEKPIUEVOC, KOL 1] TEXVOYVAOGTO TOV GTNPILETE GE LU0 «UNYOVT] OKOKLOV», TPOKEYEVOL VO,
TOPAYEL O POUTOTIKOG GKOKIOTNG TNV €KAGTOTE Kivnon Tov. H dvokoiio tov motyvidoion
pvOuiletar péco Tov kMO Tov. H Asttovpyio Tov Tpoylotonoleite o mPpayHaTikd poOvo Kot
TPAyRaTikd mePPAALOV. O POUTOTIKOC GKOKIOTNG YPELaleTon £vol AOYIGHUKO CUGTNUO TO
omoio eivon wavd vo dwoyepileton €va 101k6 hardware, yioo va dnpovpyei éva gdKkolo
Saympiopo tepPdAlov, To onoio va vrootnpilel aAlayég Tov Aoyiopkod Tov (software). To
CUGTNUO TPOYUATOTOEL avadPACTIKOVG EAEYYOVG BEONG Kot TPOGAVATOAGHOV. Adyo g

AoPOAOVE AEITOVPYLAS TOL O POUTOTIKOG CKOKIGTNG YPNOUOTOIEITE Omd TOVS YLYINTPOVG MG
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po Oepameion yloo aVTIOTIKG GTOUA, KO TAEOV OTOTEAEL £vOL LEGO YLXAYWOYIOG Y10 TOVG AATPELS

oL oy vidwov. (BAéne [8])

Ewova 2.5. Popmotikdg TKoKIGTNC.

[Tpoonéraon otig 19/7/2015. Yrepotvvdeopoc: https://chessdailynews.com/the-chess-machine/
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KEDAAAIO 3

Koaraokev

Ye autd T0 KEPAAMO avOADOVTOL OAO TO. EEOPTALATO, TTOV YPNOLULOTOMONKAY Yo TV

TPAYLOTOTOINGN TNG TOPOVCOS TTLYLOKTG EPYAGTNG.
3.1.  Bpayiovag

O poumotikdc Ppayiovog mov emAEyONKe Yo TNV LAOTOINGT TNG TOPOVGOS TTLUYLOKNG
gpyaciog, eivar to povtého: 6 DOF Robotic Arm. Kaivmtel 0Aeg TG Booikég KIVAGELS, Yo TV
TPOCOLOIOCT TOV G ovOpomivo yept, TIG omoleg Oélope vo HEAETAGOLUE Kol Vv
TaPoLGLAcovE. Adyo Tov HiKpoD Tov pey€BoLE Kol TOV TEPLOPIGUE TG NUKVKAMKNG Kivong,
EMITVYYAVOVLE TNV ATOELYN TPOLUATIGHOV TV pobntevopevov. Onwg avaeépOnke ot
oepPorkvnTNPES TPAYUATOTOIOVY NMUIKVKAKY Kivnon g tééng tov 180 popov. Opmg n
KATOoKELY] TOL Ppayiova eumodilel KATOWOLE KIVNTAPES VO KAVOLV TV TANPN Kivinomn Toug.
Avto 0 GQAANA TG Kivnong tov Ppayiova emiéymnre va yivel GKOTLO, TPOKEWLEVOL VO
umopel va epappootel n Bewpia g kKivnuoatikng, omwg o e&nyndel otnv cvvéxelo.
Agrtovpyel pe €61 (6) Pabuovg erevbepiag. Ot yapaktmpiotikoi Pabuoi ehevbepiag Tov givar:
TEPLOTPEPOUEVT PAoT, OpoAn Kivnon dpov, aykdvo, Kopmod Kot Asttovpyion TG opmiyngs.

(BAéme [9] ) Amoteleite amd o TOPAKATO WEAN:

Gripper x1

U shape brackets x3
Multifunction brackets x4
L shape bracket x1
Bearing x3
Rotation Base x1
Hitec 311 Servo x2
DSS-M15 Servo x2
DFO5BB Servo x1
10. HS422 Servo x1
11. Screw sets x16

© 0o N o g B~ w b PE

Xapaktpiomka tov pourotikoy Ppayiova:

1. Téon: +4.8-7.2V
2. Pedpo: 2000mA
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3. "Yyoc tov Bpayiova: 320mm
4. Bdpog tov PBpayiova: 600g

3.3. Xepomipro

To yeprotipro Tov Ppayiova mov ypnooroleiton eivat To KAAGIKO ¥eplotiplo tov Wil.
Avtihopupaveton tpelg owotacelg og afoveg y-y-C. To yeprompro nunckuck éyer 4
KaAwdwoels. To kokkvo kaAddo givar n tpopodocia 3.3 Volt, to donpo eivar ) yelwon, 10
kitpwvo givar cvplakd wporoylokd ofjua SCL (Serial Clock Line), kot o mpdoivo ivar 1o
ovplakd onuo petdooong dedouévav SDA (Serial Data Line). Eniong eivan copPatd pe to
npwtokorro 12C Bus. To npmtékorro avtd amotereite and to kadddoww SCL koar SDL. To
SCL ypnowomoteitat yia va cuyypovilel ta dedopéva mov petapépovtatl. To SDA pvbuilel o
nowo. kKotevbuvon Bo kivnbel To oNua Kol G€ Ol GLOKELN AMELOVVETOL KOl EMTPEMEL OTA
dedopéva va petapepfoiv and tov asbntipo otov pikpoemeepyaotn kot oviiotpoea. To
onua mov otédvetor dgv pmopel va eivar vymAo (vyicvyvo) kot 1 Aettovpyia Tov otnpilete

oV erocopio kupiov-eEaptnuévou (master-slave). (BAéne [10])

ANALOG GND
IN A5

POWER = ANALOG
3.3V IN A4

Ewova 3.1. Kolmdidvoelg Nunchuck

[Mpooméhaon otig 19/11/2015. Yrepovvdeopoc: http://arduinoarts.com/2014/07/tutorial-wii-nunchuck-

pan-tilt-servo/
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Ewodva 3.2. O Poumotikdg Bpayiovag pe 1o Xeprotipio.

3.4. Keypad

To apOuntikd minktpordylo (Keypad) Aettovpyst ympig tpopodocia, kot cuvoEeTal,
uéoo tov Breadboard, pe to Arduino. ‘Exet oxtd (8) emagéc (pins), 6mov kabe pin avtictouyel
og W ypopuun M pe otAn. Amoteleite amd 16 minktpo (buttons) pe apykh katdotaon
«ovotytol JaKOTT». O HKPOEAEYKTNG AVTIAAUPBAVETOL TO0 TANKTPO EVEPYOTOLEiTE, OTAV TO
TAMKTPO aTO TTaTnOel, Kot 0 avoryTdg SIOKOTTNG KAEIVEL, EMTPETOVTOC VAL TEPAGEL PEVUOL GTOL
avtiotorya dvo PINs Tov avtioToryovV oto TANKTpo. Ta TAnkTpa A, B, C kot D vrdpyovv yuo
peAlovtiky] ypnon. Oa kobopilovv v SwPdduion g SvokoAiag Tng Aettovpyiag TOv
poumotikoV Bpayiova. H emhoyn A Oa amotelel v mopovca Asttovpyia tov Bpayiova. Ot

emaoyég B, C, D avapépovtat 6to terevtaio KEQPAANLO.

Ewova 3.3. AplBuntco [Minktpordyo (Keypad).
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[Ipoonéhaon otig 2/2/2016. Yrepohvdeopoc:
http://www.vetco.net/catalog/product_info.php?products_id=14280

Xapaxtnpiotikd tov Keypad: (PAéne [11])

1. Contact Rating: 20 mA, 24 VDC

2. Contact Resistance: 200 Ohms Max

3. Life: 1.000.000 Cycles Pre Key

4. Contact: Conductive Rubber

5. Size ( Key Face Cutout ): 60 (W) x 56.75 (H) x 3.5 (D)

Ewéva 3.4. To Keypad Zvvdedepévo pe tov Mikpoene€epyaot.

3.4, MuwpoeneEepyaostig “Arduino Mega ADK”

Ta Arduino eivor gvéliktol pukpoenelepynotéc Kol evd Oev €ival 0 TPOTIUOTEPOS
UIKPOETEEEPYOAOTNG Y10 TOAVTAOKES EQPAPUOYEC, 1 MUEYOAN TOWKIAIL TOV Kol TOL ELYPNOTO
EPYOAEIDL TOV TPOCPEPEL, TO KAVEL 1W01aiteEPpa dNUOPIAT. OvGlaoTIKA €ivol pio TAATQOPULA
«OvoLYToh KMOKO». YTAPYOouV TOAAEG OPOPETIKEG €kdOGES Tov Arduino, mov kuvpiwg
JPOPOTOLOVVTIOL GTNV TOGOTNTA TG SOESIUNG UVAUNG, 6ToV apldpd TV dtabéciumv pins
€1000wV Kol £E60WV, oToV apliud TV ceEPlok®V dtocvvdécewv (interface), kabmg kot otV
Omapén TOV EMITALOV YOPOKTNPOTIKOV eSaptnudtov. o TG avayKeg TS TTLYLOKNG,

YPEWOTNKE va ypnoiporomcovpe o Arduino Mega ADK, évavtt tov Arduino Uno, to omoio
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avVaQEPETE 0TV ONAMGON NG Tapovcag mruylakne. Ta yapakmmpiotnka tov Arduino Mega

ADK «at o1 d1apopeg tov pe 10 Arduino Uno mapovcialovte mapaKato.

To PBacwo tov mieovektnuo tov Arduino Mega ADK eivatl 6tt cvumepiiapfaver 54
ynoeloka, 16 avoloywa pins kot 4 ceiplakeg mopteg (ports), eved to Arduino Uno, povo 14
ynoetoka kot 6 avaroyka pins. To Mega ADK dwBétet peyointepn pvnun (8 KB SRAM kau
4KB EEPROM), ypnopomoidvrag mapopoto pukpoeneepyaotn pe to UNo kat dgv dapepovv
OTOV TPOYPUULUOTIGHO, TTOVL Elvar pia o cOyypovn topariayn g C++. (BAéne [12] )

H
R e L T T
MEGA ADK
wew ASDUINO CC L 2 ARDUINO fox Android”

# ';‘llli_l ni’._

Al4l DIGITAL

Ewdva 3.5. Arduino Mega ADK.

[Tpoonéraon otig 20/9/2015. Yrepohvdeopog:
https://www.arduino.cc/en/Main/ArduinoBoardMegaADK

Ewodva 3.6. O Mikpoene€epyaot kat 1 Zvvoeopoloyieg Tov.
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Xapaxtnpiotnko tov Arduino Mega ADK:

1. Microcontroller ATmega2560
2. Operating Voltage 5V
3. Input Voltage (recommended) 7-12V
4. Input Voltage (limits) 6-20V
5. Digital I/0 Pins 54 (of which 15 provide PWM output)
6. Analog Input Pins 16
7. DC Current per I/0O Pin 40 mA
8. DC Current for 3.3V Pin 50 mA
9. Flash Memory 256 KB of which 8 KB used by bootloader
10. SRAM 8 KB
11. EEPROM 4 KB
12. Clock Speed 16 MHz
13. USB Host Chip MAX3421E
14. Length 101.52 mm
15. Width 53.3 mm
16. Weight 36 g
Yyvogopoioyio

v ovvéyew mopovctdlovtal ot cuvdecHoAoyieg HeTAED TV TpoavapepBEVImOV

eCapmudTmv.
3.5.  Tpogodocia

H tpopodocia mov ypnowomomdnke amotereite amd £vo TPOPOSOTIKO NAEKTPOVIKOD
vroAoyiotn, TG etanpiog CWT. To tpo@odotikd mpoundevet to KOKA®Ua pe Téom tov 12Volt
Kot pe pedvpa tov 3 Amber, mepimov, kabdg Kot v Yel®orn. AWO TIG €KOVEG TOPAKATM
QOIVETAL 1 GLVOEGHOAOYIOL EVTOG TOV KOVTIOV OV EMAEYTNKE, YO TNV TPOCTAGIA TNG, KAODG

KO TNV YPOUOTIKT GNUOGI0 TOV KAAMOI®V TOV TPOPOSOTIKOV.
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Ewova 3.7. Xvvdeoporoya Evrog tov Kovtiov.

24 PIN CONNECTOR
(+3.3V) 1 13 (+3.3V)
(+3.3V) 2 14 (-12V)

(Ground) 3 15 (Ground)
(+5V) 4 16 (PS-ON)
(Ground) 5 17 (Ground)
(+5V) 6 ]18 (Ground)
(Ground) 7 19 (Ground)
(PG) 8 20 (-5V)
(+5vSB) 9 21 (+5V)
(+12v) 10 22 (+5V)
(+12v) 1 23 (+5V)
(+33v) 12 |[C] @] 2 (Ground)

Ewova 3.8. Xpopatwk Kedikonoinon Kaiwdiov.

IMpoomélaon otic 1/8/2015. Yrepovvdeopog: http://makezine.com/projects/computer-power-supply-to-
bench-power-supply-adapter/
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Ta kiTptvo KaA®O10 TOV TPOPOSOTIKOV, AVTITPOCOTELOVY TNV Taon TV 12 Volt kot twv
3 Amber, kot cuvdéetal pe TV TPpOT enaen (Uropva) move-opiotepd. H tdon tov 12 Volt
YPNOLOTOLEITE Y10t TNV TPOPOSOGIin TV GEPPOKNYNTHP®V Kot Tov pikpoeneEepyaot Arduino.
H okpipog duthov g pmdpva, TOL CLVOEETOL  HE TO KOAMDOWO YPOUATOG KOKKIVO,
vrodekvieL v tdon tov 5 Volt, n onolo vdpyet Yo evaALAKTIKY Xp1on. AT avtv Vv
UTOPOL GLVOEETAL KO EVaL aKOUA KAAMOO Tov cuumepthapufdavel po avtiotoon tov 10Q —
10Wat, mov vrootpilel TO0 TPOPOSOTIKO GTNV GOGTH KOTAVOUT TNG TACEMG, KOl GUVOEETAL LE
™V yeiwon tov Tpo@odotikod. Ot 600 Televtaieg UTOPVES €Ival Ol YELOGELS TOL TPOPOSOTIKOD
OV amALTOVVTAL. APLOTEPA TOL KOLTIOV, OTOUOVOUEVE OO TO. VTOAOWTA KAAMOW €ival To
button éxtaktng TOVONG TOV GLOTHUATOG. Exel xapaKTNPIoTIKO KOKKIVO YPOLO MOTE VAL Eivat
e0KoAo JlKPLTO, KaBMg M YPNOWOTNTE TOV TPOCTOTEVEL TOV YPNOTNH ONO TLYOV
Tpoavpatiopove. To button ovTO GUVIEETE e TNV YEIMOT TOV TPOPOSOTIKOD KO LE TNV TPAGIVN

emapn mov Qaivetar oty gwova 3.5. (BAéne [13])

Ewova 3.9. Xvvdeoporoya Extog tov Kovtiov.

3.6. Kavovikoromtig / PvOuetig (Regulator)

H ocvvoAiikn| tdom mov amouteiton yioo va Aettovpyncovv ot aepPokvntipeg givor 6 Volt
ka1 3 Amber, TovAdyotov. ' va dnpiovpynBodv avtég toi mpoimobécelg, odnyodue ta 12

Volt and 11g pumodpveg, to omoio «kovfordave» poli tovg ta 3 Amber, ce éva KOKAopa
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regulator. To regulator ypnowomoieite mpokewévoy va AdPel o taon (Volt) kor va v
HELDGEL, ovOAOYO To EEAPTAUOTO TTOV TO AapTICOVV KOl TNV GLVOEGHOAOYIO TOL KUKADUATOG

TOV, OAAG Vo unv enmpedletl o pedpo (Amber).

To ovykekpuévo kdxiopa regulator ypnouonoteite va peiwoovpe ta 12 Volt og 6
Volt. Ot pebnuatikoi THTOL TOV AVAYPAPOVTOL, XPNCLOTOIOVVIOL Y10 VO EEETAGOVIE TOLN
avtiotaon (R1) amouteiton va ocuvdebel 610 xOKAwpa kot moto eivar 1o pevua (Io) mov
AopPaver o Ppayiovag. (PAéme [14] ) H £€Eodog tov regulator tpo@odotei OAOLG TOVG
oepPoxvnmpeg pe 6 Volt koar 3 Amber, kaOdc Kot pe v yeiwon mov €ivat KO HE TOV

TPOPOOOTIKOV Kot Tov Arduino, pokeipévov va tapdéel to Arduino TaApnd onuaToc.

Input Q1 BD536
O i—-\
ké Q1
R
R1 1 3 Output
A LM78XX O
3Q N P
IREG 0
2
R1-_ VBEQI —— 0.33pF ——0.1uF
lrec—la1 Ba1

lo = Irec + Ba1 (lrec—VeeQ1/R1)

Ewcova 3.10. Kvkhopa Regulator.

FAIRCHILD. XZentépupprog 2014. Zelidao 20. TIpoonérhaon otig 22/8/2015. Yrepovvdeouoc:
https://www.fairchildsemi.com/datasheets/Im/LM7805.pdf

Ewova 3.11. Zvvdeoporoyw tov Regulator.
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Hopampnon: Eredn] to kokAwpa tov regulator Oeppaivete molv, Exovpe tpocsbécet Eva

aveploTpakt 6to Arduino mpokelévou va, To YoyeL.

3.7.  Button mavong kon eKKiviiong TG LEPOKIVII TG AELTOVPYiNG

To button mov ypnowomombnke eivor avoyytine kotdotacn NO (Normaly Open).
2uvoécape otV TAvm-aplotepd axkpr tov button o avtiotaon 10kQ, mov eivon cuvoedepuévn
v yelwon. Amo v 1d1a dipr cvvdéoape Eva KaAMO0 [ To pin 2 Tov Arduino, TPoKeWEVOD
Vo YPNOLUOTOMGOVHE TNV Kuptotepn Swakomn (interrupt) tov Arduino, dCGTE TO GNUO TOL
button va €yl mpotepardtnta oto mpdypappa. H kdtw-apiotepn dkpn tov button cuvodeton

ue tnv tdon Tev 5 Volt tov Arduino. (BAéne [15])

Ewova 3.12. Zuvdeoporoyia Tov Button [avong kot Exkivnong g Xepokivnng Agttovpyiog.

TMHMA MHXANIKON AYTOMATIZEMOY XeAlba 27



«(TPOI'PAMMATIEMOZX EKITAIAEYTIKOY POMIIOTIKOY BPAXIONA ME MNHMEZX)»

KEDAAAIO 4

Hpoypappa ko n Exeéynon tov

To kvpimg mpdypappa kot n ene&nynon tov, mapovctalete mapakdto. [Ipokepévon va
enekteivoope 10 mepiPdAdov mpoypappaticpov tov Arduino Mega ADK, ypnoipomomcope
pepkég “Pparodnkes”(Libraries). Ot Bipiodnkeg mapéyovy emmALEOV AEITOLPYIKOTNTO GTOV
TPOYPOUUATICHO, Kol vrdpyovv ot Poaocikéc Piprodnkeg mov moapéyer 10 Arduino, ot
BProdnkeg mov €yovv dnuovpynbel omd mPoypaupoTIoTEG Yoo Pedtioon TV oM
VIaPYOVIOV BiA0ONKOV, oAAd Kot BiPAodnkeg Yo 101kéG epyaciec.

#include <VarSpeedServo.h> //B1A1001Kn Yo TOV ELEYYO TOV
ogpPoxvntnpov. (PAére [16])

#include <Keypad.h> //B1BAodnkn yio tnv Aettovpyia tov Keypad. (BAéne [17])

#include <Wire.h> //B1AofnKn yio v avtoAiiayn dedopévav petagd tov

alcOnmpa tov yeprotnpiov kot tov Arduino.

#include <ArduinoNunchuk.h> //B1fAoBnKn v Tov éAeyyo TOL YEPLOTNPIOVL
(PAéme [18])

H evtoln #define pog emrpénet vo ovopoticovpe pio otabepn Tiun mpv v Evapén

TOV KOPLOV TPOYPEUUATOG.

#define ZEROX 344 //Anhdvovpe To Oplo mov Kweitoaw o Ppayiovag pe To
yepomplo o€ doveg X - Y - Z vyia Vv OapéTpnon tov yeprotnpiov. (yio tov Z a&ova

ovumeptAapPdveror Kot o Vyog ¢ Pdong tov Ppayiova) (PAére [19])
#define ZEROY 344
#define ZEROZ 410

#define WII_NUNCHUK 12C_ADDRESS 0x52 //Opilovpe Vv Sevbuven  TOL
nunchuck oto Arduino. Emiong 1o wii nunchuck eyst evoouatopévo to oot
emkowvmviag 12C bus to 6moto gival vevBVVO Yo TNV PETAPOPH FEFOUEVOV OO 0L GLGKELN

o€ pol GAAN.
int counter; /I netpng dedopévmv tov nunchuck
uint8_t data[6]; // deiktng ywo v amodnkevon g e£660v tov ArduinoNunckuck

ArduinoNunchuk nunchuk = ArduinoNunchuk();
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const byte ROWS = 4; //Anuovpyovue avtikeipevo keypad (BAéne [20])
const byte COLS = 4;
char keys|ROWS][COLS] = { //Arewovion tov Keypad 6tov Kmdika.
{123 'A%},
{45'6''B'},
{7,8,9,C%,
{*,0'#,D}
hg

byte rowPins[ROWS] = {4,5,6,7};  //Z0vdeon tov ypapudv tov keypad, oto pins

Tov Arduino
byte colPins[COLS] ={8,9,10,11};  //X0dvdeon 1@V KOAOV®OV
Keypad keypad = Keypad( makeKeymap(keys), rowPins, colPins, ROWS, COLS );
Ot daotdoetg Tov Bpayiova 6g yAlootd (mm).
#define BASE_HGT 66.00  //Ywyog Baonc.
#define HUMERUS 92.00  //Bpaytovio 06106. (Quog mpog aykdvag)
#define ULNA 92.00 //QNEVI0 06T0. (AYK®VAG TTPOG KOPTO)

#define GRIPPER 160.00 Il ATootaon g apmdyng pe @optio, mapdAANAN amd o
£00.p0g

#define ftl(x) ((x)>=0?(long)((x)+0.5):(long)((x)-0.5))  //Kavovikomoinen Tiu®v,

TPOKEUEVOD VAL EEO0UOADVOLLLE TIG KIVIOELS TOV GEPPOKIVITIPOV
Apywoi vmoroyiopot.
float hum_sq = HUMERUS*HUMERUS;
float uln_sq = ULNA*ULNA;
OpiCovpe avtikeipeva g PipArodnkmg.
VarSpeedServo BAS;
VarSpeedServo SHL;

VarSpeedServo ELB;
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VarSpeedServo WRI;
VarSpeedServo WRO;
VarSpeedServo GRI,;
MetapAntég yia to button mavong g xepokivntng Aettovpyiag.(Prere [15])
boolean startprogram = true;
volatile boolean emstop = false;
void setup(){
nunchuk.init();
OpiCovue ta pins tov kabe oepPfoxvnmpo oto Arduino.
BAS.attach(22);
SHL.attach(23);
ELB.attach(24);
WRI.attach(25);
WRO.attach(26);
GRl.attach(27);
servo_park(); //Kokel v vmoovvdaptnon "Apyikn 0éon".
Serial.begin( 115200 );
while (! Serial);

attachiInterrupt(0, emstop ISR, RISING); // Otav to button interrupt aernvetod,

KoAgital n vroovvaptnon emstop ISR.
Wire.begin(); /I Evoverto 12C BUS pe v dievbvvon tov 0x52 tov nunchuck

Wire.beginTransmission(WII_NUNCHUK 12C_ADDRESS); l[Exnéumer oty

ovokevn 0x52
Wire.write(0xF0);
Wire.write(0x55);

Wire.endTransmission(); Il Ztopatd v petddoon
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Wire.beginTransmission(WII_NUNCHUK _12C_ADDRESS);
Wire.write(0xFB);

Wire.write(0x00); [[Ztédver 0 memory address
Wire.endTransmission();

delay( 100 );}

void loop(){ //H xvpio. GuvapTnon Tov TPOYPAUUOTOS TOV TPEYEL O

amEPLOPLETO YPOVO.

char key = keypad.getKey(); //H petafint key maipver v i tov botton mov

gyovpe Tatnoel KAOe popd.
if (key){ /EAEyyer TNV Tiun mov €xet dobet oty petafint "key".

switch (key){ /I EmPePoudverl 6Tt kamoto button 6vtog £xel matnOei. Mropsi

va ypagtei kot og: (key 1= NO_KEY)
if (startprogram == true){

case ‘A" /I H mepintwon mov mateite o button A mpaypatonolel tig mopokdTo

KIWWNOELS puéypL TNV mpdTn evioin break{ mov cuvavtdel o KOSKOC.
while (emstop == false){
nunchuk.update();

Wire.requestFrom(WI1_NUNCHUK 12C_ADDRESS, 6); /l[Znta.  dedopéva  amo

nunchuck
counter = 0;
while (Wire.available()){
data[counter++] = Wire.read();}  //deyetan byte cav integer
Wire.beginTransmission(WII_NUNCHUK _12C_ADDRESS);
Wire.write(0x00);
Wire.endTransmission();

if(counter >=5){
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double nunchuckaccelX = ((data[2] << 2) + ((data[5] >> 2) & 0x03) - ZEROX);//

YnoAhoyiopdg cvvietaypévov yuo tovg aoveg X ,Y,Z
double nunchuckaccelY = ((data[3] << 2) + ((data[5] >> 4) & 0x03) - ZEROY);
double nunchuckaccelZ = ((data[4] << 2) + ((data[5] >> 6) & 0x03) - ZEROZ);

if (nunchuk.cButton ==! 1){ llovvbnkn  y v Kwvion tov Sservo BAS kot
SHL

if (nunchuk.zButton ==! 1){
int value = constrain(nunchuckaccelX, -180, 180);
value = map(value, -180, 180, 0, 180);  //Anwovpyei cuvietayuévav o poipeg
BAS.write((180-value),70);
int valuel = constrain(nunchuckaccelY, -180, 180);
valuel = map(valuel, -180, 180, 0, 180);
SHL.write((180-valuel),70);
delay(80);}}
if (nunchuk.cButton == 1) {
if (nunchuk.zButton ==! 1){
int value2 = constrain(nunchuckaccelX, -180, 180);
value2 = map(value2, -180, 180, 0, 180);
WRO.write((180-value2),70);
int value3 = constrain(nunchuckaccelY, -180, 180);
value3 = map(value3, -180, 180, 0, 180);
ELB.write(-(180-value3),70);
delay(80);}}
if (nunchuk.cButton ==!1) {
if (nunchuk.zButton == 1){

int value4 = constrain(nunchuckaccelX, -180, 180);
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value4 = map(value4, -180, 180, 0, 180);
GRI.write((180-value4),70);
int value5 = constrain(nunchuckaccelY, -180, 180);
value5 = map(valueb, -180, 180, 0, 180);
WRI.write((180-value5),70);
delay(80);}}}}
break;

case 1"

circle(); / Kaket nv vmocuvaptnon circle().

break;

case 2"

heart();

break;

case ‘3"

circlezaxis();

break;

case '4"

heartzaxis();

break;

case '5"

spiral();

break;

delay(100);}}
servo_park();}} Il Emotpor) otnv apyikn 0éon.

Ot Béoe1c Tov Ppayiova ypnoponodvTog TV avtictpoen Kwvnuotiky. To z elvar 10

VYoG, 10 Y elvar 1 amdctaon omd to KEVIPO TG Pdong, To X glvar Ta akprové onpeia (onueio
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npo¢ onpeio). Ta Y,z umopovv va eivan pdvo Betikd. To angle dnAdvel v yovia g apmdyng
o€ oyéomn pe to £0apoc. Otav 1o angle ivan 0, Tdte N ApTAYN €ivor TAPAAANAN e TO £50(POC.
To mopokdTt® KOUUATL TOL KOJKA, omoteAeitol amd 115 €§loMOES TNG OVIIGTPOENS
KIVNUOTIKNG oty YAwooa tov Arduino. H Oewpia g aviiotpoeng KvnUoTiKNg
YPNOUOTOIEITOL GTNV GUYYXPOVI] POUTOTIKY KAOMG S1EVKOADVEL TOV EAEYYO TOV POUTOTIKOV
ovotnuatog. O yeplomg ypetdletal HOVo va dMGEL GLUVTETAYUEVEC GTOV YMPO KOTAGTOONG
TOV GUOTNUOTOG, LE AMOTELEGHA TO pUnydvnpa vo "avTiAapfaveTol”" tov mo GUeco Tpomo yio
Vo EKTEAECEL TNV EVIOA TTOL TOV 000nKke. Emeidn dpwg anoteAeite amd o oelpd e£lo®GemV
Kol oAyopiOumv, vrdpyet peydin mbavotnTa cEAANNTOC AOYIKNG, OALL LE TNV CWOTH HEAETN
TOV YOPOL KOTAGTACNG, TOV TEPLOPIGLMV Kol TOV OLVATOTITOV TOV GLGTHUATOSG, TO COAUALA

AoYIKNG ehatT@veTE onuavtikd. (PAéme [21])
void set_arm( float x, float y, float z, float grip_angle_d ){
float grip_angle_r = radians( grip_angle_d);
float bas_angle_r =atan2(x,y);
float rdist = sqrt((x *x )+ (y *y));
y = rdist;
float grip_off_z = (sin( grip_angle r)) * GRIPPER;
float grip_off_y = (cos( grip_angle_r)) * GRIPPER,;
float wrist_z = (z - grip_off_z ) - BASE_HGT;
float wrist_y =y - grip_off _y;
float s_w = (‘wrist_z * wrist_z ) + (wrist_y * wrist_y);
float s_w_sqrt =sqrt(s_w);
float al = atan2( wrist_z, wrist_y );
float a2 = acos((( hum_sq-uln_sq) +s w)/(2* HUMERUS *s_w_sqrt));
float shl_angle r=al + a2;
float shl_angle_d = degrees( shl_angle _r);
float elb_angle r =acos(( hum_sg +uln_sq-s w)/(2* HUMERUS * ULNA ));

float elb_angle_d = degrees( elb_angle_r);
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float elb_angle_dn =-(180.0 - elb_angle d);
float wri_angle_d = (grip_angle_d - elb_angle_dn) - shl_angle_d; //(-20)

[Mopoakdto @aivovtal ot GLUVTETAYUEVEG TOV VTTOAOYIGE O KOJKAG, nali te T0 oQaAua

kivnong tov ekdotote cepPoKivnTHPa.
BAS.write(90- degrees(bas_angle r));
SHL.write(shl_angle_d* 0.88888);
ELB.write((180-elb_angle d)*0.77777);

WRI.write((wri_angle_d)+90 * 1.33333);}

Ed® @aivovtal o1 \TOGLVOPTNGELS TOV YPNGLLOTOLOVUE Y10, TO TPOYPOUULA LLOG.
void servo_park(){  //Apywn 0éon tov Bpayiova pe poipes.

BAS.write(90.00);

SHL.write(150.00);

ELB.write(140.00);

WRI.write(90.00);

WRO.write(30.00);

GRI.write(0);

return;}

void emstop_ISR(void){ /Modon k.  Emovekkivnon ¢ yeypokivitng

Aertovpyioc. H ocvuvaptnon ISR dev d€yeton Kopio Tapauetpo Kot eV EMGTPEPEL TITOTO.
servo_park();
emstop = !emstop; IAvactpépel TNV mapovoa Katdotaon g petafAntme emstop
startprogram = Istartprogram;
servo_park();}
void circle(){ // Kvxhog oe d&oveg y-v.

#define RADIUS 20.0
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float angle = 0;
float xaxis,yaxis;
for( angle = 0.0; angle <= 360.0; angle +=1.00 ) {
xaxis = RADIUS * sin( radians( angle )) + 200.00;
yaxis = RADIUS * cos( radians( angle )) + 200.00;
set_arm(xaxis, yaxis, 120, 0);
delay( 10 );}}
void heart(){ // Kopdid og dEoveg y-y.
#define RADIUSH 20.0
float xaxis,yaxis;
float varx;
for( float angle = 0.0; angle <= 180.0; angle +=1.00 ) {
xaxis = RADIUS * sin( radians( angle )) + 200.00;
yaxis = RADIUS * cos( radians( angle )) + 190.00;
set_arm(xaxis , yaxis, 120, 0);
delay( 10);}
for( float angle = 0.0; angle <= 180.0; angle +=1.00 ) {
xaxis = RADIUS * sin( radians( angle )) + 200.00;
yaxis = RADIUS * cos( radians( angle )) + 150.00;
set_arm(xaxis , yaxis, 120, 0);
delay(10);}
for(float varx=130; varx<170; varx +=1){
xaxis = -1.5*varx + 395;
yaxis = varx;
set_arm (xaxis , yaxis, 120, 0);

delay(10);}
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for(float varx=170; varx<=210; varx +=1){
xaxis = 1.5*varx - 115;
yaxis = varx;
set_arm (xaxis , yaxis, 120, 0);
delay(10);}}
void spiral(){
#define RADIUS 20.0
float angle = 0;
float height = 0;
float xaxis,yaxis,zaxis;
for(angle = 0.0, height = 0.0; angle <= (360.0 *5); height +=0.05 , angle +=1.00) {
xaxis = RADIUS * sin( radians( angle )) + 150.00;
yaxis = RADIUS * cos( radians( angle )) + 150.00;
zaxis = 50.0 + height;
set_arm(xaxis, yaxis, zaxis, -25);
delay( 10 );}}
void circlezaxis(){ 1l Kdichog og GEoveg y-C.
#define RADIUS 20.0
float angle = 0;
float zaxis,yaxis;
for( angle = 0.0; angle <= 360.0; angle +=1.00) {
zaxis = RADIUS * sin( radians( angle )) + 150.00;
yaxis = RADIUS * cos( radians( angle )) + 170.00;
set_arm(0, yaxis, zaxis, -25);
delay( 10 );}}

void heartzaxis(){ Il Kopdid og GEoveg y-C.
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#define RADIUSH 30.0
float angle = 360.0;
float zaxis,yaxis;
float varx;
for( float angle = 0.0; angle <= 180.0; angle += 1.00) {
zaxis = RADIUS * sin( radians( angle )) + 150.00;
yaxis = RADIUS * cos( radians( angle )) + 168.00;
set_arm(0 , yaxis, zaxis, -25);
delay(10);}
for( float angle = 0.0; angle <= 180.0; angle +=1.00 ) {
zaxis = RADIUS * sin( radians( angle )) + 150.00;
yaxis = RADIUS * cos( radians( angle )) + 108.00;
set_arm(0 , yaxis, zaxis, -25);
delay(10);}
for(float varx=78; varx<138; varx +=1){
zaxis = -0.8333*varx + 215;
yaxis = varx;
set_arm (0, yaxis, zaxis, -25);
delay(10);}
for(float varx=138; varx<=198; varx +=1){
zaxis = 0.8333*varx -15;
yaxis = varx;
set_arm (0, yaxis, zaxis, -25);

delay(10);}}
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KEDAAAIO 5

Merhovtikn e€éMén

H moapovoa mruylokn epyocio amotelel tov mpoBdAapo yio po véa TTVYn OTHV
exmaidgvon. Ymapyovv apketéc Pedtiwoelg Tig omoiec Oo mpémel va yivouv TPOKEWEVOL O
OLYKEKPIUEVOC POUTTOTIKOG Bpayiovag, vo ovTATEEEPYETAL OTIG TPOGOOKIEC TOGO TV HobNTOV

0G0 KOl TOV QOITNTAOV.

Muw mp®dTN EMEKTACT, MOV OMOGKOTMOVUE VO EQPOPUOGOLUE, €lval M xpnon €vOg
HUEYOADTEPOL POUTOTIKOV Ppoyiova pe meptocdtepovg Pabuodc ehevbepiog kot GEoveg
KIV|IGE®V, OGTE VO UTOPOLV Ol GEPPOKIVITAPES VO KvoUuvTol pe KukAkég kivnoelg (360
popadv) avti yu mukvokAkég (180 popdv). Me avtdov tov tpémo Ba pmopovv ot
pabntevopevol va. dtakpivouy KOADTEPA THG KIVGELS TOV Ppayiova Kot vo eE0IKELMVETE GE UidL
peyoAvtepn meproyn Aettovpyiag. Emiong n yprion pog 006vng epgdviong Unvopdtov amd tov
Koo, mov Oa gpeavifel pnvopate ceaApdtov, Katdotoong Tov Ppayiova K.o., OCTE Vo,

UITOPOVV 01 LOONTEVOUEVOL VO ALLECT] ETIKOIVOVIN [LE TOV TUTTOTONIEVO KMOTKA.

O Kk¥p1o¢ embnpaTog 6TOYOC £ivatl va HropoHv ot LobNTEVLOUEVOL VO TPOYPAUUOTILOVY 0L
0ot tov Ppayiova, pE TNV EQOUPUOYN TGOV VELPOVIKOV OSIKTOOV KOL TNV YPNon TOv
npoypappatog Matlab, ywpig 0pwc va gpumodifovror ot pvipeg Tov ot omoieg Ba eivor cuveymg
o€ MPOTEPALOTNTA EKTEAECNG TOV GLYKEKPWEVOV evToA®V. 'Etol e€acparilete  acodielo
1660 TV podntevduevov 660 Kot Tov 1iov Tov Ppoyiova, Kot divel TV dvvoTdTNTo LG O

KOTOVONTNG AVTIANYT TOL TPOYPAULOTOS TOL Ppayiova Kol T®V SLVATOTHTOV TOV.

Q¢ poaxponpofecpo 6tdyo, £xOVUE OpIGEL TNV GUVOEST TOL POUTOTIKOD Bpoyiova e
Wwd  Odpactikd mpoypdupate, mov Oo  ovaeépete omnv  TptoPddupia  exmaiosvon
OLYKEKPIEVQ, KO Oa 0mTOGKOTEL GTO YEYOVOG Ol LaBNTELOUEVOL, HEGA OO £VOL EVYEPLOTO Kot

aoQOANG TEPIPAAAOV VO LEAETOVV KOl VAL ETLYEPOVV SVCKOAOTEPES EPAPLOYEG.
Eniloyog

Eivon EexaBapo OtL Tor avTOROTOTOMUEVE GUGTHATO EXOVV EIGYWPNGEL 6€ BAbog otnv
KaOnuepvéTTd TOL CVYYPOVOL aVOpPOTOL. AlELKOADVOLV TIG gpyaciec, av&dvovv Tnv
ACQUAELD, ETITOYLVOLY TOV PLOUO TOPAYMYNG, KOL CUUUETEYOLV G€ peYOAo Pabud otnv
eEEMEN Tov ToMTIGHOV. Me TV Tdpodo Tov YPAVOL, Ol CLTOUATOTOMUEVES UNXAVEG EYOLV
ovpPdrel oty avarntuén TIc vyeiag, TG Prounyaviog, e yuxaywyiog, Kot dgv o mpémel M

nodeion vo omotehel efaipeomn. Ilpoxewévov va  eEacpoiicovpe OUMOC TNV  GLVEXNS
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TEYVOAOYIKN avdamTuén, Kab1oTd T€ avaykaio, amd To VEX ATOU VO 0LPOIOIDCOVY TANPMOS TNV
TEYVOYVMOOiD, VO KOTOVONGOLV TNV OAANAETIOPOCT TOV BETIKOV EMOTNUOV KOl HE o VEQ

OTTIKT], VO GLVOPALOLY Kot EKEIVOL [LE TOV TPOTO TOVG oTNV PeAtioon g {ong Hog.

-
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Hoapaptnuo
1. Introduction

Robots operating in laboratory environments during the 90’s are still working on the
field and research is based on them in the manufacturing process. The programming part of for
those devices is the most difficult part that comes from use limitations although they are still
in operation owing to their control interfaces. During the past decades robotic industries pay
attention to reliable constructions with modern interface that are friendly to the user in order to
operate the robot. These robots provide many options in general use rather than perform more
applications like, welding, collecting masses and much more. The main dependency for all
robots is a controller connected to a PC that the user can program for any work needed though
the environment like DOS restrict the interfacing dexterities. Moreover, the operator consists
of high torque function to upper electrical parts like servo and DC motors, which secures that
the degrees of freedom the construction requires will be met. Devices for electricity safety and
extensive wiring are used to connect all electrical equipment with mechanical parts together to
each other. The close loop systems include sensors that are throughout controllable for
instance the SCORBOT ER-III. The robot operation in real time sends information from
encoders to motors about the speed or the condition of each part of the robotic arm.

More productive and steady research have replaced the old one that uses control
software. The following hardware uses the LabView program. With that program, users can
manipulate the functions of the robot with more convenient and limber way. To prove the
effectiveness of this software many experiments have been performed and the results will be
presented in this paper with characterized examples. Below, the main interface control panel
and the results of the system communication with the user will be extensively explained. This
specific robot includes controllable electrical components that can contribute in modern day
use. This research contains modern software technology of electrical equipment. LabView is a
graphical program continuously upgraded since 1986 by National Instruments. It provides an
efficient interface for engineering operations such as algorithms in a graphical environment,
developing programs, interfacing computers with instruments or collecting data. In the past
years it has been proven the capacity of that programming implement in many similar projects
and researches as the one presented here. Anderson Pereira Correia (see [1]) and Ramirez
Cortes J.M. (see [2]) performed using LabView for programming and controlling reports of
autonomous robotic carriage. Presume upon of all features of LabView, researchers can

achieve mass control of their autonomous robots, navigation and real time image transfer.
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Some of the researchers have documented the different kinds between robots and
manipulators with this transcendent software. Shobhita Ann Job (see [3]) proposal on control
scheme for managing signals of a four axis arm for pick and place was based on LabView.

C. Chandra Mouli (see [4]) managed to control a heavy duty robotic manipulator with
five degrees of freedom working with servo motors while Roland Szabo and Aurel Gonteam
(see [5]) presented stereoscopic cameras to control a four axis robotic arm in a face
recognition application. LabView is glorified by researchers as the elite available program to
illustrate projects. Saeid Moslehpour (see [6]) managed to establish communication between
SCORBOT ER-IIl and LabView. Based on the accomplishment of Saeid Moslehpour this
project found literatures in considerations. The collaboration that expanded the automated
efficiency and control capacity that supports the procedures for the system to user safety, is
represented in the following chapters.

2. System Description
The ER-I1I is a robotic manipulator which consists of a generic format of the arm and a

controller. This robotic manipulator is built of standard materials and electronics parts. Also it

has been declared the winner due to his reputation of being safe and controlled properly.

Fig. 1. The Robotic Arm and the Complemented Controller.

The E-Il1 is a robotic arm of 5 axis (degrees of freedom) which means that there 5 joints
of control for handling .The more axis there is ,the more improvement in control and
dexterity the robotic arm can demonstrate .The number 1 axis is the base which gives the
ability of rotation to the robotic arm. The next axis is the shoulder which is similar to the

third axis, the elbow. Next is the fourth axis, the wrist which is similar to that of a human wrist
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and that's why is described as two axis. Finally, the last axis, the fifth is twisting the wrist,
despite the fact that wrist mechanical part mimics the human wrist, this rotation move for
some robotics arms can be a full 360 degrees or more which is impossible for the human
wrist. Lastly, the ER-III is equipped with a pair of grippers that are capable of been opened
or closed, also grippers are not considered as an axis movement but have the same mechanism
theory.

In this mechanic contraction there is also a black box the control which is responsible
for the control of the robotic arm. This black box contains electronic parts that give the ability
to interface between the computer software and the robotic arm. In the surface of the
electronic box there are switches for testing the motors and lights. The computer software
which controls the ER-11l is a DOS based program. The name of the software program is
'SCORBASE' which is turned on whenever the robotic arm is connected to the PC ,and will

automatically load and the main programming window will appear like in figure 2.

) ébvyrishtﬂdﬂOlE

Teach positions

Fdit progran

Progran handling

Run progran

Horne
gxit to das

SRS AL IR ML ARARSIE PP OIS 0
e ———— NSO PN IS

ROBOT HAS HOT BEEN HOMED, PLEASE SELECT 'HOME' HE

Fig. 2. The DOS Based Programming Interface.

It would be good to state the motivation of this project, and this arm is designed to
introduce a system of a user friendly interface with many more capabilities and improvements
like, Lab View.

3. The Interface Environment
Inspection and transport operations are expanding manufacture robots that require

flexible, precise and sensitive part handling. Automated, industrial or laboratory applications

use robotic arms to achieve smarter and higher implementation control. That allows robots to
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change components and equipment to handle the random changing conditions that interact
with the environment of all the safely operations for the user. Upper robots needed those
applications that can interact with their work space through feedback signals and data. The
graphical system NI LabView enables new functions for manufacture or educational robots by
unify feedback, human machine interfaces (HMIs) and control data into one to create a
handful environment for the user. It was no easy to complete this project with such software
that communicates with the standard controller of the SCORBOT ER-I1I arm via the available
RS-232 port. This project starts up from primary movements of the operator and upgrading the
LabView code and introduce complex work of the robotic motion. Consequently, the buttons
for right — left rotation movement of the robot base and a serial communication port

installation supplied from the primary interface format of figure 3. Also, for basic open loop

kD)3 A Mot Soeedd  liseconds i weit
i }0 & ) 15 o :

Fig. 3. The Interface Window for Basic Robot Handlings.

The figure 4 presents the first application that is supported by the code, where toolboxes,

commands and libraries are used to built routines and loops of the code.
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Fig. 4. The LabView Code for Basic Robot Handling.

The robotic base and all the axis of the arm are needed to increase the code to support
speed and step control applications and at the same time build a user interface window that
will host all the operational regulators. There are seven servo motor for the arm and one for a
regional conveyor that the encoders of each one must be occupied, all serial port signals of the
robot status are transported in a discrete window and the control of it is based on close loop
feedback data. The user sends step signals to the controller that they are calculated by two
parameters, one for the refresh rate in milliseconds (msec) that the LabView code sends to the
robot controller and one for pulse generation. That way the robot accomplished high total
speed, step control and accuracy with all degrees of freedom and therefore are able to
communicate in real time with the user as feedback. LabView code in blocks format is unable
to fit in a paper research because it’s too big so only the representative and central parts of it
will be represented. Figure 5 shows the code for controlling the speed of all eight servos and

executing all the above works.
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Fig. 5. The LabView Code For Controlling the Speed of 8 Motors.

SCORBOT ER-III has a pre-programmed default command by the constructor which is
called “home position” and it applied on every robot industrial. This command is used for
storage and position for the arm purposes. In figure 6 shows another part of the LabVew code
for executing all the above tasks and focused on the home position command. The robotic arm

stops its operation and returns to the home position once the top left button ‘home position”’ is
activated, in a non interrupted procedure.
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Fig. 6. The LabView Code for Robot’s Home Position Command.
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The eight regulators set the step and the speed for all the eight motors. The seven servo
motors move the robotic arm and the eighth operates the regional conveyor. The following

figure shown the layout of the main interface panel that the user can control the robotic arm.
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Fig. 7. The Programming Interface Panel.

There is a monitor at the top of the panel for serial port recordings. On the top left side
there is the “home position” button. Much information can be provided from position limit
switches mounted about the robot’s location and they compose input data to the controller.

It must be taken under serious consideration to the part that embodies safety precautions
for all kind of robots. If there are random obstructions or any damage of the robot while it’s
working, it could cause a serious accident to the user or the possible goods that the arm
transfers. In an attempt to avoid that possibility the code was designed and performed in an
automated process. To force the arm stands still there is an emergency stop that stops the data
transmission and the monitor shows a warning message when the interface button is pressed. It
is up to user to decide to return the robot to its home position or to terminate the process. The
status control of all limit switches of the robotic arm represented from a case loop inside a
while loop, in figure 6 above. Moreover, a part of the code was compiled for reading all the
data that comes from the program and ‘freezes’ the robot in case an encoder stop is activated.

In figure 8 is illustrated a case of safety operation from experimenting with this project.

|
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Fig. 8. The Code to Ensure the Safety of the Robot Operation.

To complete the safety precaution process, clockwise and anticlockwise rotation trends
of the encoder were inclusive in the code below in figure 9. With that way any interruptions or

crashes of the arm operation will not cause any damage to the user.
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Fig. 9. The Code to Ensure the Safety of the Robot Operation.

The LabView never produced this kind of safety precautions, as authors are aware of,
thus expanding the software control of the robot is more productive. Many operations are
designed in this interface like, transferring obstacles, pick and place and much more. To

accomplish that a researcher have to compile more code that do not fit in the project cause of
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their big size. The robotic arm responded satisfactory and the interface used can accomplish

the function with overall ideas.

4. Conclusion and Further Work
Some conclusions can now be stated after many months of continuous experimentation

with the plant. Repeatability and accuracy in all modes of operation have been considered in
high standards because they were key factors that could determine the efficiency of the
method proposed in this paper. This modern interface design is making the programming
process much more simple for the user and it is considered to ensure better results than the
older DOS based software of the SCORBOT ER-III. In consideration of safety, for the first
time of the current robot’s operation with this LabView interface there has been an important
improvement. This has been seen earlier in details, and produces a significant advantage of
this programming method in comparison to any other.

The safety consideration will gain a separate interface window and will be programmed
to memorize the movements of all robot axis allowing it to expand more in a few years. That
will allow the user to continue the operation from the point the robot was stopped and finish it,
rather than cancel it. A interesting improvement could be the adoption of sensors around the
arm to multiply the feedback signals in the interface. With the help of Lab View this project
can manage these improvements and provide the user with more data of the robot’s position in
real time. Lastly, the great advantage of this project is that it can benefit from the modern

programming software.
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«(TPOI'PAMMATIEMOZX EKITAIAEYTIKOY POMIIOTIKOY BPAXIONA ME MNHMEZX)»

Tunpo Avtopaticpon

Yyol Teyvoroywdv Epappoydv

Avartato Exroidevtikd Topupa Texyvoroyikov Topéa (ALE.L T.T.) [Mepoud
Copyright © MANAAPAKA E. MAPIA kot SOAKIANOZ I'. IQANNHX
Me gm@Oviaén mavtog ducanmpatoc. All rights reserved.

Amayopeletal 1 avTlypat], amofKenon Kot SLvopT| TNG TOPOVCOS TTUYLHKNG EpYaciog, 5 OAOKApOL I
TUAHOTOG OTAG, YO EUTOPIKO oKomo. Emttpénetar ) avatonmot), amofkenor Kot Stavopn yio [ KEPOOGKOTIKO
OKOTIO, EKTALOEVTIKNG 1) EPEVVNTIKNG PVOTG, VIO TNV TPODTOHEST VO AVAPEPETAL 1] TIYT TPOEAEVONG KO VL
Swtnpeitor To Tapdv pvopa. Epotipata mov apopovv ) ypnon e EpYaciog Yo KEPOOGKOTIKO GKOTO TPEMEL

Vo, amevfvuvoVTaL TPOG TOVG GLYYPOAPELS.

Ot amOWELG KOl TOL CUUTEPACLOTO TOV TEPIEXOVTOL GE OVTN TNV TTVYLOKT £PYACia EKPPALOVY TOVG GLYYPUPEIS
Kot 0€ TPEMEL vaL EPUNVELTEL OTL OVTITPOSO®TEVLOLVV TIG emionpeg B€oelg Tov TUHOTOC AVTOUATIOUOD TG ZXOANG

Teyvoroyikav Epappoydv A.E.L. T.T. ITeipoud.
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