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MepiAnyn

2KOTTOG AUTAG TNG OITTAWMATIKAG EpYyACiag ATAV N KATOOKEUN €VOG POMTTOTIKOU
Bpaxiova X-Y, o o11oiog Ba £xel T duvaTOTATA VA PJETAPEPEI Evav avaAuTh EvTaong rxou,
KaBwg Kal éva HEYAPWVO eVTOG VO opBoywvIKoU TTAQIgiou.

To 1Aqiolo péoa O0TO OTTOI0 PTTOPE va KIVNOET N KEQAAR TOU POUTTOT KAAUTITEI MIA
emeaveia 1.00m x 1.20m. H Baoiki Asitoupyia Tou POJTIOT €ival va CAPWVEL TNV
EMQPAvEIQ auTh e BAMA 5cm ) 10cm pe OKOTTO TNV Kataypaeni aviavakAaong AXwV TTavw
o€ OoKiula. To POPTTOT €xel €MITTAEOV Th dUVATOTNTA VA KIVEITAI KAl XEIPOKIVATA HE TN
XpPAon €ite evOG TTANKTPOAOYIOU TO OTTOI0 OEXETAI CUVTETAYMEVEG VI TNV ETTIAOYNA MIAG
OUYKEKPIPEVNG BEoNG, cite e TN xprion Joystick, TO OTTOI0 YTTOPEI va PETAKIVAOEl TNV
KEPAAN o€ OTTOIadNATTOTE KATEUBUVON €VTOG TOU TTAAITIiOU.

2TO TTPWTO KOUUATI TNG EPYATIAG, EXOUME TA EI0AYWYIKA OTOIXEIO YIA TN POPTTOTIKA
KAl TA KOPTECIAVA POUTTOT, KOBWGS KAl PIO GTOIXEIWDN KIVAUATIKY avaAuoh TwV BnUaTIKWV
KIVAQTAPWY Kal TNG METAOOONG KivNOoNG HECW OTTEIPWHATWV.

2Tn OUVEXEIQ, avaAUovVTal KATA OEIpd, N KOTAOKEUR TOU PNXAvOAOyIKoU Kal TOu
NAEKTPOVIKOU PEPOUG TNG KATAOKEUNG KAl O TIPOYPAPUATIONOG TOU JIKPOETTECEPYAOTH.

TEéNOG, TTapoucIAlovTal T CUPTTEPACHOTA Kal 1I0EEC VIO BEATIWON KAl TTEPAITEPW
£€PEUVA TTAVW OTO AVTIKEIMEVO TNG TTAPOUOCNG EPYATiag

AEgei1g KA&1B1G

Kapteolavd poptrdT, pouTToTIKOG PBpaxiovag X-Y, PNUATikOG KIvNTAPAS, OTTEIPWHATA,
Arduino
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Abstract

The aim of this thesis was to construct a Cartesian robot, which can move a sound
intensity analyzer, as well as a speaker inside a rectangular frame.

The frame, inside of whom the head of the robot can move, covers a surface of
1.00m x 1.20m. The robot’s basic function is to scan this surface, making steps of 5cm or
10cm at a time in order to record sound reflections on a sample surface. The robot has,
additionally, the ability to move manually, either using a keyboard to read coordinates of
a specific position, or using a joystick that moves the head towards any direction inside
the frame

The thesis’ first part displays some introductory information about robotics and especially
about Cartesian robots, as well as a basic kinematic analysis of movement transmission from
stepper motors to lead screws.

Then, there is a display of the mechanical and electronic design of the robot and the
programming of the microprocessor.

Finally, there is a short display of the conclusions we came in during this specific project,
as well as ideas on how it can be improved and on further research that can be done on the
project.

Key words

Cartesian robot, robotic arm X-Y, stepper motor, lead screw, Arduino
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Euxoaplotieg

Apxka@, Ba NBeAa va euXOPLOTAOW TNV OLKOYEVELA HOU, LOLALTEPWE TOUG YOVEIG HOU Kall
™V adepdn pou, yla tn oTpLEn Kal cupnmapaotaor T kad’ 0An tn Slapkela Twv omoudwy Hou,
N omoio OAOKANPWVETAL E TNV EKTIOVNON TNG TOpoUoag SUTAWUATLKAG EPYOOLAG.

2tn ouvéxela Ba nBeha va euxapLoTAoOW ToV K. Kapumoupdkn, TOCO yla TV EuKaLpia ou
Hou £€6woe va a.oxoAnBw pe éva B€pa to omoio cuvduadlel éva peyaAo eUPOC TWV YVWOEWV TWV
omolwv Ba MpEMeL va £XEL £vag NAEKTPOAOYOG UNXAVLKOG

Oa nbeha va guxaplotiow toug ¢iAoug pou, e Toug omoloug opeuBnkape pall 6Aa
oUTA TO XPOVLaL.

T€Aog Ba BsAa mMEpa Ao TIG EVXAPLOTIEG HOU VA EKPPACW TNV EVYVWHOCUVN LOU OTOV
Beio pou k. BaBpakokoiAn, o onoiog tav dimAa pou kab’ 6An tn SLAPKELA TNG KATAUOKEUNG TNG
epyaociag, aviSloteAw, mpounBevovTag e Pe To amapaitnto epyoAeio AN KO LE TNG TEXVIKEC
TOU YVWOELG Kot Se€LoTNnTEC.
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1 EizArQrH

1.1 TENIKATIATH POMMOTIKH

PoumoTtikn lvat évag ouyXpovog OXETIKA TEXVOAOYLKOG KAASOC TNG auTtopatonoinong,
TIOU €XEL WG AVTIKELLEVO TN MEAETN, TO OXESLAOUO KOL TNV AELTOUPYLO TWV POUTOT, KABWG KoL TNV

£€PEUVA YLOL TNV TIEPALTEPW AVATITUEN TOUG.

JUuudwva HE TOV OpLOPO Tou lvotitoUtou poumodt twv HMA, “poumot eival pua
ETIAVOTTPOYPOUUATIIOUEV TIOAUAELTOUPYLKN XELPLOTIKA SLATagn, oxeSLaopévn yla Tn HETAKIVNON
UAKKWY, €eCaptnUatwy, epyaleiwv Kot e€elSikeupévwy  dlataewy, HEOW HETAPBANTWY,

TIPOYPOLUUOTIOMEVWVY KLVI|OEWV YLOL TNV EKTEAECN UL OELPAG EPYACLWV .

KaBe pounot amoteAeital ano tpia EexwpLloTtd cuoTnuata Ta onoia cuvepyalovral yla

va eKTEAECOUV pLa pokaBoplopévn Asttoupyia:

e TO UNXOVLKO, TO omoio avadEpeTal apxlka oto mMAaiclo, otn Gopua r} 6To oXAUA TOU
poumot ta omola eival tétola wote va tou Sivouv T duvatoTnTA VO EKTEAECEL TN
AelToupyla yla TNV omola KOTAoKEUAOTNKE. TO UNXAVIKO UEPOG AmMOTEAEL TN AUGH TOU
KATOOKEVAOTA OTNV OAOKARPWGON TOU £€pyoU Katl e€apTdTal anod 1o mePLBAAAOV 0TO OTolo
Ba xpnowuomnolnBel to poumndt. Me amAd Aoyla, To PLnxavoloyko ox£S8Lo mpooapuoleTal
otn Asttoupyla, TNV omola o Kataokevaotng BEAeL va eMITUXEL.

® TO NAEKTPOVIKO Kol NAEKTPOAOYLKO LEPOG TO omoio tpododotel kal eAEyXeEL TO poumnot. H
tpododooia yivetal o KABe mepinmtwon o popdr NAEKTPLKNG EVEPYELAG, EITE AUETA ATIO
TO SIKTUO NAEKTPLKAG EVEPYELOG, ELTE UE TN XPHON UIATAPLWV

e 1OV KWALKA, 0 omoiog Sivel T SuvatoTnNTA OTO POUMOT va anodacilel MOTe Kot Mwe Oa
KAVEL KATl. To mpoypopua ormoteAel tov muprva TtnN¢ OANG KATAOKEUNG, adou
QVEEQAPTATWE TNG MOLOTNTAC TNG KATAOKEUNC TOU HUNXAVIKOU KOl TOU NAEKTPOAOYLKOU
TUAHOTOC, £VOG KAKWC OXESLAOUEVOC KWOLKAC UTOPEL va TTPpOKAAECEL TTOAAA Tipo AR LaTA,

OTIWG XOUNAEG ETULOOOELC 1) AUENUEVN KATAVAAWGCN EVEPYELAG.

12
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1.2 KAPTEZIANA H TPAMMIKA POMMOT

To KapTeolavd POMMOT E€lvaol POUMOT oOTa omoia N Kivnon TouGg OTo XWPOo
TIPOY LATOTIOLELTOL YP AU ULIKA O €vav, SUO 1) TPELG AEOVEC, OE YWVIO EVEVAVTA LOLPWV PETAEY
Toug. Kivouvtat dnhadn oe euBeieg TpoxLEC Kat dev meplotpedovtal. MNa emtteuxBel autn n
guBuypapun kivnon xpnolpormolovvtal — HeTtalAkol ocuvnBwg - afoveg, oL omoiol
Aewtoupyouv wg odnyot yla va petadepouy eite poptio, eite dAAoug dfoveg. H diatagn autn
armAomolel LoLaitepa Tov EAEYX0 TOU POUTIOT KL TNV EMIAUGCN TOU Bpaxiova.

To KUPlWC CWHA EVOC TETOLOU POUTIOT ammoTeAE(TAL Ao £vav €wC TPELG AEOVEC, TTapOAa
outa n dla n Baon tou poumnot Pmopel va pnv eivat otabepr, aA\d va KIVELTAL KoL aUTh
guBbuypappa HEoa O OpLOUEVO OpLaL.

Tétola pounot Bpiokouv edbappoyeg oe TOAAOUG TOUELG TNG Blopnxaviag, Omwe oL LwVES
pHeTadopAg Kal oL pnxoavég aviuPpwong Kal tormobétnong. Ot punyxaveég CNC — Computer
Numerical Control- elval pnxaveég mou XpnolpomolouvTal ylo TNV KOT Kal tTn Xapagn
SLopopwv emidpaveLwV KaL OVAKOUV EMLONG OTNV KATNYOpPLo TWV KAPTECLOVWV POUTTOT. TEAOC,
UL eUpPElD KOL OUVEXWCE AVOTTTUCCOUEVN £papUoyr KOPTECLAVWV POUTIOT ival ot XY-
plotters kat oL ektuntwtég 3D.

Mapd Ta MOAAQ TAEOVEKTNUATA TOUG TOL KAPTECLAVA POUTOT OE OPKETEG TEPUTTWOELS
anoppimtovtatl otn Blopnxoavia. Autd ocupPaivel kKuplwg yloti otepouvTOL MNXOVLKAG
eveli€iag — dev pmopouv va avtiAndBouv avtikeipeva mou dev eival opatd amo tn Baon
TOUG- KaBwg emiong n euBUypaupn Kivnon TTOU TPAYATOTOLOUV Ta avayKAleL va KlvouvTal
LE ULIKPOTEPN TaXUTNTA A0 POUTIOT E TIEPLOTPEPOEVN Bdaon.

13
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Extuntwtnc¢ 3D
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2 TIEPIFPA®H TOY YNO KATAZKEYHN POMMOT:

To UTO KATOOKEUNV QVTIKELLEVO QUTNAG TNG €pyaciag elval éva Kapteolavo pounot Suo
afovwy -X,Y-, ue Baoikég Slaotaoelg kivnong 1.20m x1.00m. H kepaAr Tou poumnot oxeSLAoTnKe
yla va petadEpel Eva Hikpodwvo Kat Eva peyddwvo o andotacn 15 ekatootwy amno To eninedo
Klvnong Twv afovwv. MNa tnv kivnon Tou gykapaotou Bpayiova -X a€ovag - xpnoLLomoLlouvTal ooV
odnyol Ta KABETA o€ AUTOV TUAUATA TOU TTAALOLOU TNG KOTOOKEUNG -Y afovag-, evw n KepoAn
KLWVElTaL TAvw otov eykapaolo Bpayiova.

To pounodt €xel tn Suvatotnta va petadepel poptio Ewg MEVTE KIAA XWPLE va emnpealeTal n
amnodoon tou. Map’ OAa autd Katd tn SLAPKELA TWV TTELPOUATWY TO GUVOALKO Bdpoc Tou poptiou
b€ Ba Eemepva To €va KIAO.

H kivnon nmpaypatonoleitat og Bripata 5cm R 10cm og kaBe d€ova KATOTLY EMIAOYNC TOU
xpnotn. Eto, yla va oAokAnpwOel n kivnon tou poumnot n kedpar Ba mpEMeL va copwaoel OAn
NV enidpAveLa TOU TTAALGLOU TOU POUTIOT.

H kivnon yivetal pe xprnion tewv Bnuatikwy Kwntipwyv, odnyoupevol ano Tpelg drivers
TB6560 Kal n petadoon TG yivetal pe onelpwpata 16mm kat mafipadia. O UKPOEMEEEPYAOTNG
TIou xpnoluomnoleital eivat to Arduino Mega. H tpododocia toco twv drivers 600 Kol Tou
Arduino, yivetal pe t xprion tpododotikol 12V/8A. Ta oTolXEld AUTA €lval opyavwHEVA OF
Koutl oto omolo €xouv edappootel emumAéov 006vn, MANKIPpoAdylo Kkat joystick yia va
SleukoAUveTal n SlevEpyeLa e TO XproTh.

15
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Kwvnuotikn avaAucn pounort:

2.1 BHMATIKOI KINHTHPEZ:

Ot Bnpatikol Kvntrpeg elval NAEKTPLKOL KLVNTHPEG, OL OTOLOL XPNOLUOTOLoUV cUVSOUACTUO
NAEKTPLKWY TIOAMWV yla TNV Kivnor toug. O Kvntrpog autog amoteAeital ano évav Spopéa
HoAakoU oldrpou pe 080VTWOELG Kal Evav oTatn Ue Téooepa {elyn NAEKTpOHayvNTWV: A KoL A',
BkatB’, CkatC’, DkatD". lNa va kivnBel o Spopéac epappoletal Stadoxika os KAOe Eva amo ta
mapamavw {evyn U0 TACN NAEKTPLKOU PEUUATOC. OTOV TO NAEKTPLIKO PEUUA LETADEPETAL ATIO TO
€va {eVyog NAEKTPOUAYyVNTWY 0TO SUTAAvVO Tou 0 potopag petatomiletal katad 1,8° Adyw Twv
payvnTtikwv duvdpewv mou edapuolovtal oe autov. H ywvia autrh ovopaletal Bripa tou
Kwnthpa.

2.1.1 ZTaTkn:

Mna éva kKwntnpa o omoiog otpeédetal pe BApa S, To Sldypapupa POomAG w¢ TPOG TN
ywviakn B€on tou potopa o€ oxEon UE KAmola apxlki B€on avadopdg, o€ YEVIKEG YPOAUUEC,
npooeyyileL To nuitovo. Ztnv mpdn, n popdn tTNG KAUMUANG e€apTATAL OO TNV YEWMETPLA TWV
TIOAWV TOU OTATN KoL TOU Spopéa. ITnV To Kown Tepimtwon, dnAadn tou Kvntipeg LOVILIOU
payvntn, Suo TuAlypdtwv n mepiodog Ba eival ion pe 4S, onwg dailvetal oTo MAPAKATW
Staypappo:

16
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Pomr cuykpOTIONG N amn o
' ’ \1. /f \
| ! : : :

/ -5 g 35

N4 \

H paBnuoatiki €kdpoaon Tou SlaypAppaTod sivat:

T = —hsin((n/2)/S) 6)
Onou:
T: pomnn
h: pomr ouykpdtnong r LEyLotn pormn
S: ywvia Bripatog

0: ywvia agova

210 onueilo auto mpenel va avoadepBel n Sladopd avapeca otnV NAEKTPLKN Kol TN
unxovikn ywvio afova. Otav avadepOpacTe oTn MNXavikn ywvia afova 6, 2m aktivia
Looduvapouyv He pia Anpn neplotpodn tou afova. Otav avapepOUAOTE 0TNV NAEKTPLK Ywvia,
pLa AN png neplotpodn Looduvapel pe tnv mepiodo tng ypadlkig mapdotaons pOmnG-ywviag.

YroBétovtag OtL n KapmUAn pomnG-ywviag mpooeyyilel to nuitovo , 600 n pomn
TIALPOLPEVEL XOUNAGTEPN —KATA ATOAUTN TLUA- Ao TNV PEYLOTN POTIH TOU KvNTHRpa , 0 pOTOPA(
Ba améxeL To MOAU Katd % tng mepLodou amod to onueio woopporiag (dnAadn tnv kopudn n tnv
KOW\Ada Tou nuLtovou).

AkOpa KoL o€ mepimtwon mou o Kwntpag dev tpododoteital n pomn Sev eival mavta
undevikn. 18laitepa otoug KvntApes SUo TUALYUATWY, 0 CUVOUACOUOG TNE YEWUETPLOG TwV OAWV
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Kataokeur poumnotikoU Bpaylova XY

HE TO MOVIUA HOYVNTIOUEVO POTOPO UIMOPEL va dnpoupyel onUavTK Tapapévouca pormr o€
kataotoon pndevikng tpododoaiac.

2.1.2 Half-Step kat Microstepping

Tpododotwvtag Twpa Kot Ta SU0 TUAlYHATO TOU KvNTPA TOUTOXPOVA, TIAPAYETAL UL
KOUTTUAN pomnG-8€ong n omola LooUTal PE TO ABPOLOUA TWV KAUMUAWY yla To KABe TUALypa
Eexwplotd. MNa €va Kwntpa SUo TUALYHATWY HOVIUOU HayvATtn, ol duo KaumUAeg Ba €xouv
Stadopa daong S, av kat Ta duo TuAilypata dtappéovtal amo To (6lo pevpa. Ot KOpudEG Kal N
Kothada tou abpoiopatog £xouv dtadopd daong S/2 amod TG apXLKES KAUTIUAEG, OMwG dalveTal
OTO TIOPAKATW Sldypappa:

ZUVOMER POTIR e

A

________ ETOUTLK POTIN EV0C
TuhiypoToc

Autn elval kat n Baon tou half-stepping. H otatikr pomr tng oUVOETNG POt KAUTUANG
TIPOKUTITEL OTav Ta SUO TUALlypaTa £Xouv aBPoLoTIKA TO PEYLOTO peLUpa. H péylotn pomn Sivetal
arnd tov tumno:

hy = 2°%h,
Omnou:
h1i: uéylotn pomr evog TuAilypatog
h,: oUvBeTn péylotn pomr U0 TUALYHATWY

TPoUTMOBETOVTOG OTL KAVEVO HEPOC TOU HAYVNTIKOU KUKAWMOTOC 8V PTAVEL O KOPESUO Kal OTL
N KAUUAN ylo KaBe TUALypa eivat Idaviko nuitovo. Av orolodnmote anod Ta LayvnTIKA LEpn ToU
KLvNTpa £€pOeL 0€ KOPESUO OL KAUTUAEG &€ Ba mpooTeBOUV YPOULKA KOL KATA CUVETELD N BE€on
Loopporiag 6€ Ba Bpioketal akplPwe otn péon Twv duo apxkwyv BEcewv Looppormiag.

H Aewtoupyela microstepping €MITPEMEL OTOV KLWVNTAPA VO TIPAYUATOTOLEL OKOUQ
HLKpOTEPQ BrApata, emayovtag SLadopeTikd pevpata oa SU0 TUAlypata Tou Kvntipa, Omwe
daivetal oto dtaypappa:
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2.1.3 TpBn kat vekpn wvn

Méxpt twpa ota OSlaypdppata  eiyav  umoteBel 6AVIKEG KATOOTAOELG. TNV
TIPOAYHOTLKOTNTA, Yla va oTpadel 0 KvNTPAC TIPETIEL VAL EEMEPATEL TN POT TIOU SNULOUPYEL N
PBA. Onwg elvat yvwoTto amo T HnXavikn, urtdpxouv SUo Katnyopleg TpBNG: n otatikn tTeLWPN
kat n TpBr oAicBnong. Edw Ba aoxoAnBoupe pe TN otatikn TPLPN. YIOBETOUUE OTL N pOTTH TNG
TPLBNC o TPEMEL va uTepPEL 0 KLVNTAPAC Elval N KoK TNG LEYLOTNG POTIHE TOU OMw¢ daivetal
oto Slaypappa 4:

H pormn mou amopEVEL yla val KLVAOEL TOV KLVNTHPA €vaL TO KOUUATL TTou BplokeTal £€w
oo TG SLOUKEKOUUEVEC YPOUUEG. ETOL N pomr oav cuvaptnon tng ywviag eival n dtagpopd Twy
600 KaUTUAWV:
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i
L1

>

OL OUVETELEG TNG OTATIKAG TPLBNACS elvat duo. Mpwtov, n cuvoAlkr SlabBgoiun pormr tou
KLvNTApo Helwvetal, kot Sevtepov Snuioupyeital pio vekpry {wvn oxedov oe kdBe onueio
LooppoTiaG Tou Kvnthpa. Av o potopag Bploketal péoa og vekpr {wvn, KATA TNV LOOPPOTILA TOU
O€ KATolo onueilo Looppomiag, n porn NG TPLRNAG EE0UBETEPWOEL TNV POTH Ao TA TUALyATA TOU
KLVNTRpo Kot o potopag &€ Ba petakivnOel.

To kUpLo MPOPANUA e TIG VEKPES LwVeG elval OTL mepLlopilouv Tn GUVOALKN akpifela. MNa
TapAdeLlypa, otnv MEPIMTWON TOU N POT TNG OTATIKAG TPLPNG elval To % TNG HEYLOTNG POTING,
€vag Kwvntipag Bripatog 90° Ba €xel vekpeg Lwveg MAAToug 60°. Auto onpaivel otL Ba €xoupe
BrAuata amno 30° £éwg 150°, avaloyw Tou onpeiou oto omolo Ba oTapathosL 0 poTopag LECA OTN
vekpn {wvn. e MEPUMTWON, UAALOTA, TIOU TO PBrApa €lval PKPOTEPO amo tn vekpn {wvn o
Kwntipag dev Ba kwvnBel kaBoAou.

2.1.4 Auvaulkn

Ze KAOe Brila TOU KLVNTAPA EXOUE LETATOTLON TOU ONUELOU LoOpPOTILAC KATA S aKTivia.
‘Etol, £XOUME PETAKIVNON TNG KAUTTUANG KOTA S OTwG daiveTal 0TO MAPAKATW SLAypappa

WETHROTLEG pO

-35 MaALOY VED

+35

To MPWTO TPAYA TTOU OPATNPOUE, €lval OTL KATd TN PeTafacn amnod to éva Bripa oto
ETOWEVO N HEYLOTN Suvarr poTt ival 0To EAAXLOTO 0TV BPLOKOUOOTE OTN KECH TNG AOOTAONC.
H pomn autr ovopdletal petafatikn Kal gival n PEYLOTN POT TIOU UIMOPEL va amodwoeL o

20



Xpovng laocwv-lwavvng

KwntRpag kabwg Kwveital. To HETPO TNG YLa TOUG KLVNTAPEG SUO TUALYUATWY, LE HEYLoTN porn h
Ba sivat h/v2.

2.1.5 Porn kat tayvutnta

QG HEYLOTN TOXUTNTA TOU Kvntrpa avadépetal n TaxUTNTA KATA TNV omola n pomn tou
Kwvntnpa MEPTeL oto Pndév. H péylotn taxutnta tou Kvntipa eivalt SUoKOAo va UTTOAOYLOTEL,
KaBW¢ 0 CUVTOVLOMOG TOU CUCTIUATOC UIMOPEL va TPOoKaAETEL MPOowpPa EAATTIWON TG pomn¢. H
TAXUTNTO ATIOKOTING OplleTal WG N TAXUTATA TAVW Ao TNV omoia n porr) apxilel va eEAATTWVETAL.
Otav o KwnTRpag Asttoupyel KATW and autr TNV TaXUTNTA, Ol AUEOUELWOELG TOU PEUMATOC TTOU
TIEPVA OO TO TUALYHATO TOU KLvNTrpa €lval OUCLOOTIKA QCHUAVTN, EVW KABWE MEPVAUE TNV
ToXUTNTA ATIOKOTING, N SLAPKELA TOU BAATOG TOU KLVNTHPA ELVOL CUYKPLOLUN LE TO ABpolopa Twv
XPOVWV TWV AUEOUELWOEWV TWV PEUUATWV.

BéBala, yla va yivel Aemtopepng avaluon tng oXEoNG TAXUTNTOG-POTNG TIPEMEL va
yvwpilel kaveic og BAB0OC TOUG XPOVOUG LE TOUC OTIOLOUC QUEAVETAL KOL LELWVETAL TO PEVUHA OTA
TUAlypata tou Kivntipa. OLxpovol autol Sev eival otaBepol, ald e€aptwvtot amod To cloTNua
gAéyxou Kkat yla to Adyo autod ota data sheets onavia Sivovral KOUMUAEG pOTHC TAXUTNTAC.

To mapakdtw dlaypappa Sivetat n KOUMUAN pomnc-taxVuTNTAG avopEPETAL O EVa ATIAO
cuotnua eAéyxou

O MEyLOTT poT
TuxDTnfm
QITOKOTC
T MeyLon
ToxoTnTo
ToyuTnTo '
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2.2 2ZNEIPQMATA KAl AYNAMEIZ:

Onwg nmpoavadEpBnke oTnV MOpouciaon TNG AELTOUPYELOG TOU POUTIOT, EMIAEXONKE N
Xprnon afovwy PE OTMEPWHATA YLO TNV HETAS00N TNG Kivnong amod Toug BnUATkoU KLVNTHPES
ota EMUEPOUG popTia oTov KABe atova Ta omoila aKOUUTIOUV 0TouG Afoveg e tn Bonbela twv
KATAAANAWY TtagLuadLwv.

To OTIELPWHATA QUTA, LETATPETOUV TNV MEPLOTPODLKA KIvNOon TOU KLVNTAPO OE YPOALILKN
KQTA UAKOG TV afovwy, ME pla Asttoupyeia mapopola pag «eAtkosldoug odrivag» . Etol,
KPATWVTAC TA TAgLUAdLa oTaBepd WOTE va LNV TEPLOTPEDOVTAL, OL KLVNTHPEG TEPLOTPEDOUV Ta
OTIELPW AT KOL OV AMOTEAECUA TA TTAELUASLA YALOTPOUV TTAVW OTOUG AEOVES

@®OPTIO @®OPTIO

| 2

MNeplotpodn

H Kwvnuatikr avaAuon Tou CUCTHUATOC £lval OXETIKA aTAr, KOOwG TO YWVOUEVO TOU
BAuatog tng Bidag pe ™ ywvia meplotpodnig (rad) tng dtapolpevo pe 2 pag Sivel tnv
HETATOMLON TOU Mo LUadlou:

6
x=1l— (D
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Kal mapaywyilovtag tnv oxéon (1) mpokUTteL n e€lowon mou pog SIVEL TN YPOKLKN
ToxutnTa Tou Tagipadlol n omoia €ival TO YWWOUEVO TOU BAUATOC TOU OTELPWUATOC HUE TN
ywvtLakr tou toxutnta (rad/second) StapolUpevo pe 21t

Amo tnv oxéon (1) yivetal eUkoAa aviAnmTd OTL pia MARPNG meplotpodng g Bidag
QVTLOTOLKEL 0€ PeTATOMION TOU magpadlov ion pe to BrApa TG av aUeA|COUUE TO GALVOLEVO
backlash, to onoio Ba avaluBel apyotepa.

Jupudwva pe tnv Apxn Alatripnong tng Evépyelag, ocupmepaivoupe OTL TO £€pyo TOU
TIAPAYEL O BNUATIKOG KLVNTAPAG, TO YWOpeVO SnAadr tng amoddoong Tou KvnThpa KE TN pOmN
(N -m) kot Tnv ywvia mepLotpodn, TPEMEL VA LOOUTAL PE TO €PYO TIOU QTALTETAL yLa TV
guBuypapun kivnon tou magipuadioy, SnAadn He To YWWOUEVO TNG TapAAAnAng otnv Kivnon tou
Suvapung Ue TN petatonion tou maflpadlou.

Eto, av n n andédoon katl T n porr Tou KvnTrpa TOTE yla pia MARpN eplotpodr] EXOUUE:

n-2m- T
=—— ®
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H anddoon n dev eival otabepd, alAd aAAdlel avaloya pe To doptio mou Ba kKAnBel va
LETAKLVNOEL 0 Klvntrpag. Onwg eivat Aoyiko, 660 to BApog tou ¢poptiou PELWVETAL N amodoon
avéavetal kKabBwg n ackolUevn duvaun amo 1o BApPog Tou GopTiou TEIVEL OVAYKAOTIKA va
OTPEYPEL TNV EAKA TIPOC TA KATW. AUTO OnUAiveL OTL UTIAPXEL LA KPLOLUN KOTAOTOON TOU
OUVTEAEOTH TPLPNGC aVAUESA OTO OTMEelpwHa Tou Tafluadlol kat TnG Bidag, Kat TnNG YewHeTplag
™G Bidag otnv omola oplaKA To €va cwia TTPOKAAEL TNV epLoTpodLKA Kivnon Tou dAAou.

ZuvnBng ywvia vijpatog
otn Blopnyavia

60 30

MAayto 0Yn omepwWUATOC

Itnv katdotoon auth, dev pmopel va undpéel kivnon avefaptntwg tg SUvaung mou
aoKeltoL av to Brpa tng Bldag elvat HIKpOTEPO Ao pia KPLoLUN TR

m-u-Dpitch
cosa (4)

[l <

OToU & N ywvia VAHOTOG TTOU XPNOLUOTIOLE(TAL oTa MAaiola TNG avAAuonG, U O CUVTEAECTAC
TPPNAG Ko Dpitch N SLAUETPOG TOU OTIEPWHATOG TNG Bidag.

TNV MPAYUATIKOTATA, N SUVOUN TIOU TIAPAYEL N POTI TOU Kvnthpa Oev TIPEMEL va
EemepAoEL LOVO TNV TPLPN TTOU OVATTTUCOETAL AVAUECO OTA OTIELPWHLATA, AAAQ Kal TNV TP TTou
OVATTUOCETAL OVAUECO OTA POUAEUAV KoL Toug 0dnyoug mou e€aocdalilouv tnv euBLUYpapun
kivnon. H tpBn avtn, BERata, meplopiletal os peydlo Babuo pe tn xprion AUtaviikol woTte va

elval mpaktikd apeAntéa.

24



Xpovng laocwv-lwavvng

210 TapaKATw oxAua daivovtol avaAluTikd oL SUVAUELS TTOU ALOKOUVTAL OTO OTEIPWUAL
KOTA TNV MEPLOTPODN:

Z ~dFZ sin 0. dF /vwvia
VIHaTOoC &
R 8 /—-—-""'
dF 5 -,
/ ‘
dFp
TURpa TOU OMEPWHOTOC
* dFc AUvoun o ooKEL TO
ywvia sAikwone 9 cosd cose dFy OTLEPWNRE OTO TLaELpast

H amdboon tou Kivntipa Katd tnv dvodo kat tTnv kaBodo tou dpoptiou divovtat amo toug
TuTouG: Nraise Niower

(cosa—“'ﬁ/n )
cosa TRy Y
(cosa /ﬁ)

(5)

Nraise =

(cosa+“'ﬁ/n)
Miower = (n'“/ﬁ—cosa)

(6)

omnou: ,3 = l/ Dpitch (7)
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3 KATAZKEYH MHXANOAOTIKOY TMHMATOS:

H KOTOLOKEUT) TOU PNXOVOAOYLIKOU TN LOTOG £YLVE O€ TE0OEPA SLAKPLTA OTAdLA:

To mAaiolo kat n BAcn Tou KOPTECLOVOU POUTIOT

TomoB£Tnon OMEPWHATWY KL pOUAEUAV YLa TN LeTadopd Tou afova
Kataokeun tou eykapaotou afova

Bdoelg yia tn otnpEn Twv popéwv KoOAwdiwv

PwNe

H blattepdtnta tnNg oUYKEKPLUEVNG ePapUOYNG lval TO HEYAAO, 0 oUYKPLON HE AANEG
TIAPOUOLEC €dapPUOYEC, HEYEBOC Tou poumot. Etol, av kat to auvéavopevo evdladépov yla
edapuoyEg Onweg ol 3D eKTUTIWTEG BewpnTIKA KaBLOTA €UKOAN TNV €VPECH TWV AMAPALTNTWY
HUNXOVOAOYIKWY TUNUATWY, OTN OCUYKEKPLUEVN TEPUMTWON XPELAOTNKE O TMOAA onueia va
gepuyoupe amod ta Nén unapyxovta MPOIOVIA OTO EUNMOPLO, SLOTL eV NTAV AELTOUPYLKA, 1) ATAV
dlaitepa kootoBopa.

3.1 TOnAAIZIO TOY POMMNOT

Ma TNV KATAOKEUN TOU MAALOLOU TOU pOUTIOT Xpnolpomnolnonkav téooeplg otpavtlaplotol
YOABOVIOPEVOUG OWANVEG TETPAYWVLKAG Slatoung. H emloyn, auth, €vavilt twv mpodik
aAouplviou, TOU XpnoLUOTIoloUVTOL cuvnBEéotepa €yve yla TNV €folkovounon Bapoucg Kot
UALKOU.

Karown poutror
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H otiplén tou poumnot oe opllovtia B€on yivetal pe tn Bonbela tecodpwyv HETAAALKWVY
otnplypatwy O50.

MNa tn otipn tou poundt oe Opbla B€on kataokeudotnkav OUOLEG BACELG amo
otpavtloplotd METAANO. AVOAUTIKA Ol SLOOTACEL TWV KOUUATLWY TIOU XPNnoLhomolidnkav
Bpiokovtal otn AloTa Twv UAKWV 0To TEAOC Tou KepaAaiou.
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3.2 TOMOGETHZH ZMEIPQMATQN KAI POYAEMAN T1A TH METAQOPA TOY A=ONA

Ta onmelpwpata ou xpnotldomnotndnkayv eivat Suo vtileg O16 prnkoug 150 ekatootwv. OL
Baocelg mavw otig omnoieg otnpilovtal ol vtileg eival 2 Y-bearing plummers Statoung 12mm ya
KaBe omelpwpa.

Y-bearing plummers
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210 €éva Akpo tng vtilag tonmobetOnke n Baon yla to Pnuatikd Kvntripa KabBwe Kal To
KOTAEP peTadoong Kivnong

Baon otnpténc Bnuatikou kwvntripa

Ma Tt cuvdeon TOU EYKAPOLOU AEoVa LE TO OTIELPWHATA XPNOLUOTOBNKav TETpAywva
nagluadia 16mm

T€Aog oL Baoelg mou edamrtovtal oToug odnyouc yvav amod MAAKES moAvautdiou
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ITNV MaPaKATW Kova daivetal o afovag Y

; — —~ g

AéovacY

MapdAAnAa pe Tov 08nyo KoL To oTeipwpa TomoBeTtnOnKe pia petaAAkn Baon mavw otnv
omola Ba otnpxBel o popag kaAwdiwv

30



Xpovng laocwv-lwavvng

TNV Mapakatw elkova dpaivetal n teAkn popdn tou afova Y

AéovacY

3.3  KATAZKEYH EFKAPZIOY A=ONA KAl KEQAAHE

O eykapolog afovag eivat o aovog mavw oTov omoio Kveltal n kedaAr. To KOUUATL AUTO
NG KOTAOKEUNG epAaPBAVEL, OMwG Kal To otadlo 2, pia vrila pnkoug 125 ekatootwy, €va
oTpat{OPLOTOG TETPAYWVIKOG CWANVOG UNKoug emniong 125 ekatootwy, kabwg emniong kat 2 Y-
bearing plummers yla tn otrpln Tou onMelPWHATOC. Kal N KATAOKEUN TOU €lval mapopoLa Pe
outn Tou BrAuatocg 2

H kepaAn KATAOKEUAOTNKE EMIONG oo MAAGKA oAU apLSiou, Onwe oL BAceLg Tou atova X.
Mo tn petadoon kivnong otnv kopudr tng KEDAANG XPNOLUOTOONKE OKOMA £Va TETPAYWVO
naipadt 16mm.
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Kepaldn tou poumnot
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3.4 AIZTA YAIKQN MOY XPHZIMOMOIHOHKAN

3 otpatloplotda 40mm x 40mm prjkoug 150cm
2 otpatlaplotd 40mm x 40mm prkoug 125cm
6 tamneg 40mm x 40mm

2 vtileg M16x2.0 purkoug 150cm

1 vtila M16x2.0 purkoug 130cm

6 Y-bearing plummers ®12

14 Bideg M10x30

14 na&puadia M10

24 pobdéheg M10

3 Bibeg M8x30

3 maglpadia M8

4 tepdyia otpatioplotd 30mm x 30 mm prkoug 20 cm
2 Tepayla otpatloploto 40mm x 20 mm prkoug 25 cm
4 tameg 30mm x 30mm

2 tameg 40mm x 20mm

2 HeTaAALKEG Ywvieg 70mm x 35mm

2 Adpeg 40mm x 100mm

1 petaAAkn Baon 140mm x 5mm

1 petaAAikq Baon 120mm x 5mm

4 petaAAika otnpiypata G50

2 HeTaAAKEG AApeg 4mm X 12mm

1 petaAAikn ywvia 5¢cm x 10cm

2 apOoEeVIKEG eTaAoLbeg M6x20

230cm TAaoTIKOC PpopEag KOAwSiwy
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4 HAEKTPIKH -HAEKTPONIKH YNOAOMH KAI 2XEAIASH

H nAektpikn Kat nAektpovikn oxediacon €ylwve oe dUo otadia.

To nmpwto Kal Baoiko otadlo mephapPavet:

e 1 Arduino Mega 2560

e 3 Bnuatikoug Kvntnpes 57BYGH420
e 3 stepper motor drivers TB6560

e 1 tpododotiko 12V/8A

Katda tn Slapkela tnG KATAOKEUNG KPIONKE OKOTLUO va Xpnolgomnolnbolv mepldepelaka
BonBruata, ta omoia SleUKOAUVOUV TOOO TNV Melpapatiky Swadikacia, aAAd kal tnv
oAANAemidpacn Tou XproTn UE TO POMMOT. ITo SeUTEPO OTASLO, AOUTOV, POCTEBNKAV OTNV
KOTAOKEUN:

e 1 0006vn High Contrast 16x2 Character LCD
e 1 mAnktpoAdylo membrane 4x4 Matrix
e 1 SparkFun Thumb Joystick
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4.1 BHMATIKOI KINHTHPEX

ITIC €POPUOYEC KAPTECLOVWVY POUMOT Xpnolpomolouvtal €mni To TAEloTo Bnuoatikol
KLVNTAPEC KaBwg mapouolalouv MAEOVEKTHATO TTOU Sev €XeL Kaveéva AAAO €(60¢ NAeKTPLKOU
KLvnThRpa.

Bnuatikog kivntrnpag 57bygh420

To MAEOVEKTAMOTO QUTA Elvat:

e3¢ avtiBeon e Toug KvNTAPEG ouveXoUG pevpatog, ev xpeldletal ppéva yla va LEVEL
akivntog i yla va emPpaduvOed.

® ITIC ULKPEG TOXUTNTEC TEPLOTPODN G, AAAA KOL KATA TNV EKKIVNOH TOU, OPAYEL LEYAAEC TLUEG
POTUAG.
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e Agv amatteital xprion aloOnTipwyv Kot KUKAWHATWY avadpaong yLa ToV mPoodLoplopo Tng
B€on¢ Tou agova kivnong, adou auth MPoodlopilleTal EUKOAN LETPWVTOG TO BALOTO TTOU €XEL
EKTEAEDEL O KLVNTAPOG

MapoAa aUTA, UTIAPXOUV KOL KATTOLAL LELOVEKTA AT TWV BNUATIKWY KVNTHPWV Ta onola
npénetl va AndOouv unoPy:

*QopuPwdng Aettoupyia.

eKata tn petakivnon ¢doptiwv HeyaAng palog umapxeL o Kivéuvog val un oToaTHOEL akaplaia
0 KLVNTAPAG, AOyw TNG auEnUEVNC adpavelag.

OL KvnTPEG TTou xpnotpornolnonkav gival tumtou NEMA23 kat xpnotonolouvtol Katd
KOPpwV o€ KataokeUEC CNC. OL CUYKEKPLUEVOL KLVNTHPEC AELTOUPYOUV HE HEYLOTO pEUHA 2A KOl
taon 3.6V. H péylotn pomr toug ival 9kg/cm kat n ywvia tou BApatog 1.8° Avalutikd ta
XOPOKTNPLOTIKA Tou, KaBwg Kol To datasheet mapouaotdlovtal 6To mapapTNUA.

Xapaktnpilovtatl wg uppidikol Bnuatikol kvntnpeg uPnAng pomng, SnAadn pmopouv va
Aettoupynoouyv ite w¢ povomoAlkol eite w¢ dutoAikol, Kat £xouv £€L KaAwdLa Tou akoAouBolv
XPWHOTLKO Kwdika. Otav XpnoLUomoLloUvToL WG LOVOTIOALKOL KLVNTPEC YIVETOL Xprion KoL Twv £EL
KaAwbsiwv, evw otnv mapovoa edpapuoyr wg SUToAKol KLVNTAPEG XPNOLLOTIOLOUVTOL HOVO Ta
TECOEPOA E€ QUTWV.

4.2 DRIVERS BHMATIKQN KINHTHPQN

Controller
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TNV MopAmAavw €lkOvVa ¢aivetal o poAog Twv drivers otov €Aeyxo Twv Kwvntripwv. OL
drivers amoteAoUVv 10 SlAUAO ETUKOWVWVIAC. TWV KLVNTAPWV UE TOV UIKPOEAEYKTH. O poAog Twv
driver lval va eAéyxouv To HETPO Kal tn SlelBUVON TOU PEUUATOC TTOU SLapPEEL TA TUALypaTa
Tou Kwvntnpa. O driver maipvel cav (0060 TouG MAAROUG ATt TOV UIKPOEAEYKTH Kol KaBopllel pe
Tolov TpOTmo Ba evepyomolnBouv Ta TUAlypata Tou Kvntrpa pe KatdAAnAn aAAnAouyia wote va

napaxBel kivnon .
O driver mou emAéxBnke yla TNV Kataokeun €ival o TB6560, o omoiog ¢aivetal otnv

glkova. O TB6560 Sivel MOAAEG eTAOYEG Kal HeyAAn eueAlfio oTov €Aeyxo Tou KvntRpa adou
npoodépel Suvatotnta ywa full stepping, half stepping, aAA& kot micro stepping LEXPL Kal OTO

1/16 tou mARpou¢ BANaATog

BND_ +24y|

A-

|

™

i

|
&|

|

|

Ly

Stepper Motor Driver TB6560
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4.3 TrPo®OAOTIKO 12V/8A

4.3.1 AvAaluon KUKAWUATOC

MNna tnv tpododocia twv tpwwv TB6560, Kataokevdotnke tpododotikd 12V/8A, n
KUKAWUOTLKA dLtatagn Tou omoiou dalveTal oTtnv MopakATw ELKOVA:

T ¢
=9
[

-
b
{
A
n ke

4
] .

To KUKAWW A anoteAeital ano névie otadla:

1. To otadio avopOwong:
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To otadlo avopBbwong anoteAeital ano pia yépupa S108wv. H eloodo¢ tou eivat n AC taon 12
Volt mou AapBavetal anod to SsuTePEUOV TOU PETOOXNUATLOTH Kol 0TtV £€060 TOou AapBAavou pe
TO onpa avopBwuévo

Oscilloscope-XSC1 X

2 :
71 S Eh O.Eg::fs Cl;‘,aor?;)ei\f ¥ ST Reverse

T2 €| 0.000s 0.000 V

T2-T1 0.000s 0.000V Save Exts Wicgs

Timebase Channel A Channel B Trigger

Scale: 10 ms/Div Scale: 10 V/Div Scale: 5 V/Div Edge: E T E‘

X pos. (Div): 0 Y pos. (Div): 0 ¥ pos. (Div): 0 Level: [g [v

Kuuatouopen e£6bou npwtou otabdiou

2. ®iitpo e§opaAuvong

To oiAtpo e€fopdAuvong amoteAeitar amd Suo  NAEKTPOAUTIKOUG  TIUKVWTEG
ouvdedepévoug mapdAAnAa. To otddlo autd neplopilet TG peyaleg Sltakupavoelg Tou otadiou
avopBbwong os peyadho mocooto, e€aleidoviag oxedov €’ 0OAOKANPOU TLG KUUATWOELC.
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Oscilloscope-XSC1 X

< >
o Y e
0.000s -0.000 V 0.000V
T2-T1 0.000s 0.000 V 0.000V ol e
Timebase Channel A Channel B Trigger
Scale: 10 ms/Div | =1 Scale: 10 V/Div Scale: 10 V/Div Edge: [ £ || % [I]
X pos. (Div): 0 Y pos.(Div): 0 Y pos.(Div): 0 Level: | l v

3. ZtaBepomolntig Tong

O otaBepomolntng tdong eival éva OAOKANPWHEVO KUKAWUA TOU OTtoiou 0 pOAoG ival va
Slatnpet otaBepn tnv tdon oto poptio, avetaptnta amnod petaBoAéC TnG TAoNS Tou SIKTUOU f Tou
pevpatog oto poptio. MapdAAnAa oto puBuLoth €xouv cuvdeBel uo KEPAULKOL TTUKVWTEG, EvVag
otnv elcobo tou otadiou o omoiog anokomntel to B6puPo Kat Evag otnv €060 Tou, 0 omoiog ival
UTIELBULVOC yla TNV €VOTABELA TOU PUBULOTA. TNV TTAPAKATW EIKOVA PALVETAL TO KUKAWA TOU
otaBepomnolntr) Taong
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l lo

Baotko KUKAwuQA ypauuikou puSuLoTr taong

4. ITtadlo evioxuong peLuATOC

ESw xpnotpomnotovvtal Suo tpaviiotop pnp cuvdedepéva napaAnAa pe U0 AVTILOTACELG
OTOUG EKTTOUTTOUE TOUG WOTE VAL LOOUOLPATETOL TO PEVHA KOL KATA CUVENELA N eMIBApuvon ota
tpaviiotop

5. Ztadlo e€06dou

210 0Tadlo auTto £xoupe SU0 NAEKTPOAUTIKOUC TUKVWTEG ocuvdedepévouc mapdAAnAa ot
OTIOLOL XpNOLUOTIOLOUVTOL YLla OTABEPOTIOINGCT O AMOTOUEC LETABOAEG TOU pEVUATOC.
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Katw oYn mAakétac tpopodotikou

4.3.2 AodKOOLOL KATOOKEUNC

Kataokeur poumnotikoU Bpaylova XY

To UALKG TTOU XpNoLUoTIoOnKav KATta Tt SLAPKELD TNG KATAOKEUNG TN MAAKETAC Elval:

NoukwbhpeE

AdAupa tpyAwplovxou oldrpou
MAakETA e XOAKO

EktumwTtn ¢ toner

QOwtoypadikd xapti (semiglossy)
Ix€810 MAKETAC

HAektpko oibepo

Xaptotawia
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Mapakdtw yivetol avaAuTikn Teplypadrn Twv Pnudtwv mou akoAoubnbnkav pe tn
BonBela pwtoypadlwv

Briua 1:

EKTUMWwon Tou KUKAWUOATOG TOUu TPododoTikou ot ¢dwtoypadlkd Xopti HE Xpron
EKTUTIWTN toner

Briua 2:

Metadopd tou pehaviol ano to ¢wtoypadLko XopTl mavw otnv MAAKETA e T BonBela
NAEKTPLKOU Gibepou

43



Kataokeur poumnotikol Bpoayiova XY

Briua 3

BUBLoN ¢ mAakéTag og xYALlapo vepo

Briuoa 4:

Amopdkpuvon tou pwtoypadikol xaptLlou




Xpovng laocwv-lwavvng

Brua 5:

BUBLoN tng mAakétag oe SLaAupa TPpLYAwpPLOUXOU OLBPOoU, WOTE VA YIVEL N ATOXAAKWON
ota onueia mou dev KaAUTTovTaL amno PeAdvt
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Brua 6:

Kataokeur poumnotikol Bpoayiova XY

KaBaplopdg mAakeTag and To LEAAVL KAl TPUTINA TIAQKETOG

Ta otolyeia mou xpnolpomolinkay yla TNV KATaoKeUT Tou TpodoSoTIKoU gival:

5 KAEpeg MAakéTag 10mm 2p

2 nAektpoAuTIKOL TUKVWTEG 4700uF/50V
1 avtiotaon 15Q/2 Watt

2 avtiotaoelg 0,1Q/2 Watt

2 TIP147

1 KEPAUIKOG TTUKVWTAE 100NnF

1 KepAUIKOG TTUKVWTAC 330NnF

2 nAektpoAUTIKOL TUKVWTES 100nF/50V
1 yédpupa avopBwong 8A

1 puBuLotng taong

1 Ynktpa adoupviou
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Kal €toL €xoupe TNV TeAKA popdr Tou TpododoTikoU, 0w GALVETAL OTNV TOPAKATW ELKOVAL:

TeAwkn popen tpo@odotikou
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Kataokeur poumnotikol Bpoayiova XY

MNapakdtw d¢aivetal To NAeKTPOAOylKO oxeSlo amd tnv tpododocia UEXPL TOUG TPELG
KLVNTAPEG

A\
Mator 1 Mctar 2 Motor 3
r
d OlOoJdddddd O] b O
.ul ‘ | ’3"' .ul .9._".: “_‘S_’?v lnl ..!__" - &
2 Y Py RS
12V/8 A power supply

o
Qo

220V
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4.4 [1EPIDEPEIAKA BOHOHMATA

4.4.1 0Bovn LCD 16x2

LCD 16x2

H 0086vn mou xpnowiomou)Bnke, eivat oBovn duo ypopuwv kat 16 otnAwv, Kot
xpnowuomnolel tn diemudpavela HD447080. Ito miow MEPOC, €XEL 16 pins amd ta omoila OpWG,
ylo To OKOTO TNG gpyaciag xpnowdomotoape ta 12. O polog tou kABe pin avaAvetal
TIAPAKATW.

PIN 1: Zuvdéetal otn yeiwon tou Arduino
PIN 2: Zuvdéetal otnv tdon 5V to vArduino
PIN 3: EAéyxeL TnVv avtiBeon tng 006vng péow petafAntng avtiotaong 10kQ
PIN 4: EmAéyel KaTtaxwpntn evtoAwv Otav n Tacn eivat xapnAr, Kot Kataxwpntn
Sebopévwy otav eivat uPnAn.
PIN 5: XpnolpomoLeital yLo avayvwaorn amo tnv 00ovn. ITtnv nepimtwon Hog YELWVETAL
PIN 6: Evepyomolel Ta umtoAouta pins
PIN 7: Aev xpnoiuomnoleitat
PIN 8: Aev xpnoluomnoleitat
PIN 9: Aev xpnoluomnoleitat
PIN 10: Agv xpnotuoroleital
PIN 11: pin 6edopévwy 8-bit. Zuvdéetal oe digital pin tou Arduino
PIN 12: pin 6edopévwy 8-bit. Zuvdéetal o digital pin tou Arduino
PIN 13: pin 6edopévwy 8-bit. Juvdéetal o digital pin tou Arduino
PIN 14: pin 6edopévwy 8-bit. Zuvdéetal o digital pin tou Arduino
PIN 15: Evepyomolei to backlight tng 086vng. Zuvdéetal péow avtiotaong ota 5V
PIN 16: Evepyomolel to backlight tng 086vng. Zuvbéetal otn yeiwon tou Arduino
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Aebopévou OtL n 066vn xpelaletal taon 5V kal yelwon os meplocdtepa amod €va pins,
xpnowuornownke pio Bondntikr MAAKETA OV BPaXUKUKAWVEL Ta pins 2 kat 15 kot ta pins
1, 5 kat 16. Itnv mMAaKETA UTTAPXEL, EMiong éva trimmer 10kQ tou omolou ta SUo dpa cuvdéovtal
otnv tacn 5V tou Arduino kat tn yeiwon. To wiper Tou trimmer cuvdéetal oto pin 3 g 0BovNc.

TéAog, mapatnpoUu e pia avtiotaon 100Q petaty tng TAonG KAl Tou pin 16 yLa tnv evepyomnoinon
tou backlight tng 08dvnc.

-
-
-
n
=
L4
-
.-
"

i3
o
o
"
In
o

).

Bonvntikn mAaketa odovng
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4.4.2 MAnktpoloylo Membrane 4x4 Matrix

To mAnKTtpoAdylo TOU XpNOLUOTOLRONKE elval TANKTPOAOYlL0 16 TAAKTpWV Kol
XPNOLOTIOLEL €va oUVOUAOUO TECOAPWVY YPAUUWY KOL TEOOAPWY OTNAWYV yla VA TIAPEXEL OTO
HULKPOEAEYKTH OEKAEEL KATAOTAOELS, XPNOLUOTIOLWVTAG OUVOALKA OKTW amo TG Pndlakég
€10060u¢ Tou. Katw amod kabe TMANKTPO UTIAPXEL €vag SLAKOMTING TOU OmMolou To €va GKpPo
ouvbéetal o pia ypapun kot to @AAo oe pia othAn. OL ocuvdéoelg autég daivovtal otnv
TIAPAKATW ELKOVAL:

)

BTES4321

Ma va tpoodlopiloel 0 PLKPOEAEYKTAG , TIOLO TTANKTPO EXEL TILEOTEL EEETACEL TNV KATAOTACN
—PnAa N xapunAd- kabBe oTHANG, KOL OTN CUVEXELD TNV KOTAotaon KAaBs ypapung. Etot, €xeL Tn
duvartdtnta va TpoodLopilosl TTOLo TTANKTPO EXEL TLEOTEL.

4.4.3 Sparkfun Thumb Joystick
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To Joystick, wg mepidepelako Bondnua, emttpéneL tnyv kivnon og 00 SLAOTACELG avaAoya
ue tn ¢duoikn B€on tou Joystick StaBaletal wg avaloyko onpa and to Arduino. Ot TLUEG QUTEG
€xouv eupog ano 0 €éwg 1023 yia kaBe afova. To Arduino €xeL tn SuvatdTnTa va avayvwploeL Pe
HEYAAn akpifela tn B€on otnv omola Bpioketal To joystick.

Opiloupe, Aowmov, Tic Lwveg 0 €wg 400 w¢ TNV apvnTkA dopd Twv afovwy, Tig {wveg 600
€wg 1023 Vv Betikn dopd Kal TG TIHEG 400 €wg 600 TNV oudétepn katdotaon omou &¢
T(PAYMOTOTOLE(TAL KATTOLA Kivnon).

‘EtoL, umopol e va oplooupe OtL 0tav to joystick Bpioketal otnv mpokaBoplopévn B€on
tou to Arduino Ba diwafacel Tnv tun (500,500) kot e Ba mpaypatononBel KAmola evEpYELQ.
Otav niécoupe to joystick 6e€Ld tote 1o Arduino Ba Stafacel Tnv Twun (1023,500) kat n kedaln
Ba kwvnOel katd tnv BeTikr SlelBuvon tou agova X, kal Kot avtiotolyia otav to joystick meotel
TPOG TO KATwW tote Ba Stafaotel n tiun (500, 0) kat n kedbaAn Ba KvnOel katd TNV apvnTikn popa
tou afova Y
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4.5 OPraNQzH Toy KoyTioy

Ma tnv eukoAotepn HeTakivnon, aAAd Kal TNV aoPAAEld TwV CUVOECEWV, KATA TNV
uAomoinon Tou NAeKTpovIKoU oXeSlaopol OAa otolxeia tomoBeTnOnKav oe KOUTL SLAOTACEWV

30cm x 22cm x 15cm. ITiG mapakatw ¢wroypadieg paivetol To ECWTEPLKO TOU KOUTLOU, KABwWG
Kal n mavw oYn Kat n pocoyn:

Eowteptkod koutioU

Itn dwtoypadia daivetal Mwg omod TO HETACXNUATIOTA N TAon odnyeital oto
TPododoTIKO —TtAvVWw apLoTtepd- otnv £€€060 Tou omoiou £xoupe 4 kAEpeg mou tpododotouv
napaAAnAa pe taon 12V DC toug 3 drivers kat to Arduino Mega. Emiong, pe ta moAUxpwpa
KaAwdLla €xoupe tn ouvdeon twv drivers pe to Arduino, aAAG kat ta PLg ya T ocuvdeon Tou
Arduino pe ta mepLdpePELOKA OTO KATIAKL TOU KOUTLOU - Avw Se€Ld-.
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Mpoooyn — Atakorntnc ON-OFF

Itnv mpooodin Tou KOUTLOU €XOUE TO SLAKOTITN TTOU CUVOEEL TO POUTIOT e To Siktuo. H
umodoxn tou Slakomtn eivat utodoxr kowvou TpododoTikol uTtoAoyLoTr. 2tn 6€€Ld MAeupA TG
npocoPng EXOULE TNV TPUTIA Ao TNV omola e¢€pxovTal Ta KaAwdla mou cuvdEouv Toug drivers
HE TOUG KLVNTNPEG.

Karmakt Koutiou

ZTO KATTAKL TOU KOUTLOU, TEAOG, £xouv BLdwBeL To MANKTPOoAOYLO, TO joystick kaL n 0Bovn.
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5 TIPOrPAMMATIZMOZ ARDUINO

O MIKPOEAEYKTNG €lval €vaG UIKPOG UTIOAOYLOTAG, O £€va
HULKPO OAOKANpWHEVO KUKAwHO TO omoio mepllapBavel Evav
enefepyaoth, HvAun, KaBwg kot meplpepelakd elcodou/ e€66ou. OL
HULKPOEAEYKTEC elval oXeSLAOUEVOL YL VAL EKTEAOUV EVOWUATWHUEVES
€POpPUOYEC OE OUOKEUEC OUTOUATOU €AEyXOU, OMWCE CUOTNHHATA
€EAEYXOU KLWVNTNPWV QUTOKWVATWY, TNAEXELPLOTAPLA KOl LOTPLKA
gudpuTELHATA. H ElOAYWYH TWV UKPOEAEYKTWYV O EPAPUOYEC OTIWC
OUTEG Tou TpoavadEpbnkav odnynoav oto va UelwBel To kdoTO,
TO UEyeBOC KABwWG KaL N KATAVAAWGON EVEPYELAC EVOVTL KATAOKEUWV
TIOU XPNOLUOTIOLOUV ULKPOETEEEPYOOTH], MVAUN KOl OUCKEUEC
€10060u/e€060u Eexwplota.

MukpoeAeyktric AT MEGA

‘Etol, orUePQA, UTIAPXEL TEPAOTLA TIOLKIALA EPAPUOYWV UIKPOEAEYKTWY, N omtola odeileTal
oTNV HeyaAn amAotnta kKat eveAiia mou mpoodpEpouv. Avaloya PE TNV EKAOTOTE ePpapUoyr TO
uéyebog, n pviun, n taon tpododoaciag KaBwg Kot AANA XAPOKTNPLOTIKA UIopel va dtadépouv.

MapoAa autd n emtuyio Kot n €EAMAWON TWV UIKPOEAEYKTWY OdelAeTOL O KATIOLA
otolyela mou potpalovral 6Aotl amd Kowou:

e |loxupQ KOl TIPOOEKTIKA ETUAEYUEVA EVOWUATWHEVA NAEKTPOVIKA OTOLXELQ, Ta ormola
UITOpOoUV eite avefdptnta eite HEOW CUOKEVUWV £L00S0U-e£€O060UL va eAéyEouv SLadikaoieg
KOl CUOKEUEC.

e [loAU XOMNAEG TIHEG TIOU ETUTPEMOUV TNV EVOWHATWON TOUG OE CUOKEUEG OTLG OTOLEG
HEXPL TIPOTLVOC €V ATOV OLKOVOULKA CUUPEPOV VA EVoWUATWOEL To otidnmoTte.

o Xpelalovtal EAAXLOTEC YVWOELG TIPOYPOUMATIONOU. Evag NAEKTPOVIKOG UTIOAOYLOTNG Kal
€Vag HETAYAWTTLOTAG, O omolog mapéxetal Swpeav, lval APKETA yLo TNV avATTTUEN
omnotacdnimote edappoyng, kabwg umdapxel tepdotia molkAia BLBAloOnkwy, aAAd Kal
ETOLLWVY TIPOYPAUUATWY yLa va popTwBouV oTnV MAAKET TOU ULKPOEAEYKTN

5.1 ARDUINO

To Arduino eival évag pikpogAeyKTAG avolxtol KwoLKA TToU XPNOLUOTOLETAL OE PEYAAO
gUpog epappoywv. Ot mAakéteg Arduino £xouv t duvatotnta va dtafalouv elcodouc- ONwE To
dwg mou avthapBAavetal €vac alodntrnpag 1 To MATNUA EVOG SLOKOTITN - KAL VO TAL LETATPETIEL O
€€060u¢ -va avael pia Aauma r vo EVEPYOTOLAOEL £vav Klvntnpa-. O MPOoypoUUATIONOG TOU
Arduino yivetal pe tn yA\wooa npoypappatiopot Wiring, n omola eival Baoiopévn otn yl\wooa
C++ eumAouTiopEvn He peyalo TARBoc BBAloOnkwv. MNap' 6Aa autd, 0 TPOYPAUUATIOMOC TNG
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TAQTPOPHAG UIMOPEL va YiVeEL Kal He TN XpAon GAAwv YyAwoowv, omwe n Python, n C# kat n
ArduBlock.

Ita mAaiola auThG TN epyaciag xpnotpomnol)onke n mlatdopua Arduino Mega 2560. To
Arduino Mega 2560, ival pia amno Tig Loxupotepes mAatdopues Arduino Kal XpnoLUOMoLEL ToV
pkpoeAeyktr AT Mega 2560. AtaB£tel, emiong, 54 pins PndLakng elod6dou/e€d660u — anod ta
omoia ta 15 pnopouv va xpnotponotnBouv wg £é€odol PWM, 16 pins avaloyikn¢ eLlcodou, éva
YPOUULKO puBuLoTr taong 5V kat évav KpuoTaAAko talaviwti 16MHz pwa Bupa tpododoaoioag
KaBwg kot pa Bupa USB. To Arduino Mega Umopel Pe ToV TPOTIO aUTO va eKUETAANEUTEL
TIANPWG TNV oYXV TOU ULKPOEAEYKTH TIOU XPNOLUOTIOLEL

MADE

INITALY =~ - Y
- i Womw

( 3 if’ s |'a"_,“J"‘,

- 00

| ] . e
| ] .6:3;_’.'-‘&&_;-;»-.

Arduino Mega 2560

H yAwooa, Tou xpnotomnolonke yla tTnv avamntuén tou Kwdika, gival n yl\wooa wiring,
6nAadn n mpokaboplopévn YAwooa mpoypapatiopoU piag mAakétag Arduino .

5.2 AHMIOYPTIA KQAIKA

Onwg avadpepOnKe KoL oTNV ELCOYWYNH TNG EpyOoiag OKOmoOg aUThE TG EpapUoyns NTav n
Snuoupyla evog poumotikol Bpayiova mou Ba mpoyUoToToLEL pLo TETPLUEVN Sadikaoia. Kata
v dlapkela tng Sladlkaociag aUTAG, TO POUMOT copwvel pa emidpavela 1.20 x 1.00 m
TPOXWPWVTAG HE BApa 5 1 10 cm €netta anod mloyn tou xpnotn. Kpibnke okomiuo, map’ oAa
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auta va cuunepAndBel otnv epyacia Kat po Asttoupyia KwdUvou yla TNV MEPLMTWon mou
XPELAOTEL EMavadOopA TOU CUCTHUATOC OTNV aPXLKr) BEon o€ MepiMTWOn EMUTAOKNC.

‘EToL oupTANPWHATIKA UE TIG BIBALOBAKEC TWV BNUATIKWV KLVNTHPpWV, cUUNEPAfdOnKav
kat PBiBAoBnkes yio mepipepelakd Pondnuata. Mo CUYKEKPLUEVO  XPNOLLOTIOLCALE
BBALoOnKeg yLa:

e 086vn LCD 16x2
e [ANKTPOAGYLO 16 MANKTIpWV
e Joystick

H Baowkn doun twv mpoypappdtwy yla Arduino amoteleital ano 3 Stakpita otadia, To
TuNUa SnAwoewv, omol SnAwvovtal o PBLBALOBNKeG TOU XPNOLUOTOLoUVTAL, OMWG EMioNng
SnAwvovtal Kal apxtkomolouvtal ot LeTaBANTES . To Seltepo PEPOG, EEKLVA e TNV EVTOAN void
setup() koL o eme€epyaoTnG TO TPEXEL HOVO HLa GOpA KATA TNV EKTEAECH TOU TPOYPAUMATOG.
TéNog To Tpito MEPOG EeKVAEL He TNV €VIOAN void loop() kol 6w CUVAVTAUE TOV KOPUO TOU
TIPOYPAUHOTOC. TO TUAMO AUTO emavalapPAavetal e’ a0PLOTOV ATO TOV ENeEEPYAOTH) HUEXPL VAL
otapatnosL n tpododooia Tou.
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5.3 O KQAIKAS:

5.3.1 Tunua SnAwoewv

Kataokeur poumnotikoU Bpaylova XY

21O MPWTO TUAMUA TOU KWOLKO €XOUUE OMWG Elmape TNV KAon twv BLBAloBnkwv, tnv
SNAwon Twv PETAaBANTWY Kal TNV avTloToixlon tg 006vng Katl Tou MAnKTpoAoylou o€ el06doug
Tou Arduino

#include <Keypad.h>
#include <LiquidCrystal.h>
#include <Stepper.h>

#define X pin A0
#define Y pin Al

// Pin A0 connected to
// Pin Al connected to

bool diesi pressed =

false;

const int stepsPerRevolution = ;
Stepper myStepperl (stepsPerRevolution, ,
Stepper myStepper2 (stepsPerRevolution, ,

int direction;
int numberl;
int number2;

const
const

int
int
int
int
int
int
int
int

i
]
Yy
X

byte numRows=

abs
abs y;

direction x;
direction_y;

’
’
’
’

_xi

byte numCols=

; //number of rows on
; //number of columns

char keymap[numRows] [numCols]=

{

iy
{4,
{7
"y

};

A\l

A\l

A\l

v

2",
5',
8",
oy

VAV},
VBV},
VCV},
IDI}

byte rowPins[numRows]

Keypad myKeypad= Keypad (makeKeymap (keymap) ,

numCols) ;

joystick x axis
joystick y axis

) //X axis stepper
) //Y axis parallel steppers

the keypad
on the keypad

= { ’ ’ ’ }; //ROWS 0 to 3
byte colPins[numCols]= {29,27,25,23}; //Columns 0 to 3
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LiquidCrystal lcd(32, ’ ' ’

21O TEAOG TOU TMPWTIOU TUNUATOG XPELACTNKE VA KOTOOKEUAOTEL ML OUVAPTNON TIOU
HETATPETEL TNE EL0OSOUC TOU TTANKTPOAOYLOU OO XOpAKTAPEG OE OKEPOALOUG:

int GetNumber () // keypad
char input to integer convertion

{

int num = 0;
char key = NO_KEY;
while (key == NO KEY) {

key = myKeypad.getKey() ;
}
while (key !'= "A")
{
if (diesi pressed) return -1;
switch (key)
{
case NO KEY:
//number = 150;
break;

case '0': case 'l': case '2': case '3': case '4':
case '5': case '6': case '/': case '8': case '9':
lcd.print (key) ;
num = num * + (key - '0");
break;

lcd.clear () ;
break;

}
do {
key = myKeypad.getKey() ;
} while (key == NO KEY);
}

return num;
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5.3.2 Void setup()

210 SeUTEPO TUNUA EXOUME TNV apXLKomoinan tng 08ovng, Ta PnvupaTa EL0080U Kal TN
6nAwon tng Sleong wg €8kO yeyovog, mplv odnynboupe oto Pacikd pevou. H Sieon Ba
XPNOLLOTIOLELTAL VIO VA ETAVEKKLVNBEL ToV Kwdika

void setup () {

lcd.begin(l6, 2);
lcd.setCursor (0, 0);
led.print ("JJ project");
delay ( ),
lcd.clear();

myKeypad.addEventListener (keypadEvent) ;
}

// Taking care of some special events.
void keypadEvent (KeypadEvent key) {
switch (myKeypad.getState()) {

case PRESSED:
if (key == '"#') {
diesi pressed = true;

}

break;

5.3.3 OLouvaptnoeL

AT eKel KoL EPA MPLV TO TPITO HEPOC UTIAPXOUV OL CUVAPTHOELG TTOU adOpPOoUV TLC TPELG
TOAVEG AELTOUPYELEG TOU POUTIOT, OL OTIOLEG KAAOUVTOL KATA TNV EKTEAECT TOU TPLTOU PEPOUC.

H mpwtn ouvdptnon adopd tn Baciki Aettoupyeia Tou pounoT, kat Sivel otov Xprotn In
Suvatotnta va emhéEel, pe tn BonBela tou MAnkTpoAoyiou, To Bripa e To omoio Ba capwbel n
emupavela

void MoveWithStep () {
lcd.clear();
lcd.setCursor (0, 0);
lcd.print("Select step ");
delay ( )
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lcd.setCursor (0, 0);
led.print (" "),
led.print ("Press: ) ;
lcd.setCursor (0, 1);
led.print ("A for 20-step');
delay (1500) ;
lcd.setCursor (0, 1);
led.print ("B for 10-step');
delay (1500) ;

lcd.clear();

char keypressed = myKeypad.getKey() ;

if (keypressed != NO_KEY) {

if (keypressed == 'A'")
//step length 5cm
{
led.print ("20-step mode) ;
delay (2000);
lcd.clear();
lcd.setCursor (0, 1);
led.print ("Processing...");
delay (1500) ;
led.print ("Now at:");
led.print (" (") ;
led.print (String(x)) ;
led.print (", "),
led.print(String(y))
led.print (") ") ;

for (3 = 0; < 24; F++) {
if (3% 2 == 0) {
for (i = 0; i< 20; i++) {

myStepperl.setSpeed(100) ;

myStepperl.step (20000

lcd.clear ()
led.print ("Now at:");
led.print (" ("),
led.print (String(x)) ;
led.print (", ") ;
led.print (String(y))
led.print (") "),

delay (2000) ;

[t

else {
for (i = 0; i< 20; i++) {
myStepperl.setSpeed(100);

myStepperl.step(-20000) ;
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X =x = 5;
lcd.clear ()
led.print ("Now at:");
led.print (" (") ;
led.print (String(x)) ;
led.print (", "),
led.print (String(y)) ;
led.print (") ") ;
delay ( )

}
i=20;
}
myStepper2.setSpeed ( )
myStepper2.step ( ),
y =y + 5;
lcd.clear();
led.print ("Now at:");
led.print (" ("),
led.print(String(x)) ;
led.print (", ") ;
led.print(String(y))
led.print (™) "),
delay ( ),
}
for (J = 0; I< ;i) |
myStepper2.setSpeed( ),
myStepper2.step (- ),
myStepper2.step (- ),
}
y = 7
j =03
}
if (keypressed == 'B')
//step length 10 cm
{
lcd.print ("10-step mode");
delay ( ),
lcd.clear();
lcd.setCursor (0, 1);
lced.print ("Processing...");
delay( ),

led.print ("Now at:");
led.print (" ("),
led.print(String(x)) ;
led.print (", ") ;
led.print(String(y)) ;
led.print (") "),

for (j = 0; 3< ;oJ++) |
if (3% 2 == 0) {
for (1 = 0; i< ; i++) {
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lcd.
lcd.
lcd.
lcd.

lcd

myStepperl.setSpeed( )
myStepperl.step ( )
myStepperl.step( )

led.print ("Now at:");
led.print (" ("),
led.print (String(x)) ;
led.print (", ") ;
led.print (String(y)) ;
led.print (") "),
delay( );

for (1 = 0; i<10; 1i++) {
myStepperl.setSpeed( )
myStepperl.step (- )
myStepperl.step (- )

led.print ("Now at:");
led.print (" ("),
lcd.print (String(x)) ;
led.print (", ")
led.print(String(y)) ;
led.print (") ") ;
delay( );

}

myStepper2.setSpeed ( )
myStepper2.step( )
myStepper2.step( )
y =y + ;
print ("Now at:");
print (" (") ;
print (String(x)) ;
print (", ")

.print(String(y));

led.print (") "),
delay ( )
}
for (j = 0; i< ;o) |
myStepper2.setSpeed ( )
myStepper2.step (- )
myStepper2.step (- )
}
x = 0;
y = 0;
jo=0;
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}
delay( );
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H 6eUtepn ouvaptnon 6éxetal wg eicodo amod to MANKTpoAdyLo cuvietayuéveg amnod (0,0)

€w¢ (100,120) kat 06nyel tnv kepaAn otnv SoBeica BEon

void SpecificPosition() { // B
diesi pressed = false;
lcd.clear();
lcd.setCursor (0, 0);
lcd.print ("Define X:");
numberl = GetNumber () ;
if (diesi pressed) return;

lcd.clear();
lcd.setCursor (0, 0);
lcd.print("Define Y:");

number?2 = GetNumber () ;
if (diesi pressed) return;

if ((numberl <=

{
lcd.clear();
lcd.setCursor (0, 0);
led.print ("You entered™);
lcd.setCursor (0, 1);
led.print (" ("),
lcd.print (String (numberl)) ;
led.print (", "),
lcd.print (String (number2)) ;
led.print (") ") ;

X = numberl * - X7
input translation
abs x = abs(x);

direction x = x / abs(x); // 1 or

myStepperl.setSpeed ( )

while (abs x > ) |
myStepperl.step(direction x *
abs x = abs x - ;

}

myStepperl.step(direction x * abs x);

y = number2 * - v
abs y = abs(y);
direction y =y / abs(y);
myStepper?.setSpeed ( )

while (abs y > ) {

) && (number2 <=
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myStepper2.step(direction y *

abs y = abs y - 32000;

}

myStepper2.step(abs_y);

lcd.clear();

lcd.print ("Point Reached");
delay (1500) ;

lcd.clear();

led.print ("Now at:");

lcd.
lcd.
lcd.
lcd.

lcd

lcd

lcd.print ("Set new (X,Y)");
delay (1500) ;
lcd.clear();

}

if ((numberl > 100) |] (number2 >

{
lcd.clear();
lcd.setCursor (0, 0);
led.print("Invalid input');
delay (2000);
lcd.clear();
lcd.setCursor (0, 0);
led.print("try again');
lcd.clear();
led.print ("Give (X,Y)");
delay (1000) ;
lcd.clear();

}

print (" (");
print (String (numberl)) ;
print (", ");
print (String (number2)) ;
.print (") ");

.setCursor (0, 1);

void PrintCoord(int x, int y) {
lcd.clear();
lcd.setCursor (0, 0);
led.print (x) ;

lcd.setCursor (0, 1);
led.print (y) ;
delay (200) ;

32000) ;

120))
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TéAog, n tpitn ocuvdaptnon adopd tov EAeyXo Tou joystick, Ko EMLTPEMEL OTO XPHOTN VA
uetadépel TNV kedbaAn oe onolodnmote onpeio tou mMAatoiov B€AeL pe akpifela 2 xAlootwv. H
Aettoupyela autr pmopel va xpnolgonownBel kal oe meplmtwon SLaKomNAG AEltoupylag g
Kivnong wote va emotpePel n kedaArn otnv apxkr tg B€on.

void JoyStick() {
diesi pressed = false;
do {
myKeypad.getKey () ;
if (analogRead(X pin) >= && analogRead (X pin) <= ) {
//Joystick mode--press in case of malfunction

myStepperl.setSpeed( )
myStepperl.step (- )

if (analogRead(Y pin) >= && analogRead (Y pin) <= ) {
lcd.clear();
lcd.setCursor (0, 0);
//PrintCoord (analogRead (X pin), analogRead(Y pin));

myStepper2.setSpeed ( )
myStepper2.step (- ) ;

}

if (analogRead(Y pin) > && analogRead(Y pin) <= ) {
lcd.clear();
lcd.setCursor (0, 0);
//PrintCoord (analogRead (X pin), analogRead(Y pin));

}

if (analogRead(Y pin) > && analogRead (X pin) <= ) {
lcd.clear() ;
lcd.setCursor (0, 0);

//PrintCoord(analogRead (X pin), analogRead(Y pin));

myStepper?.setSpeed ( )
myStepper2.step ( )

}
if (analogRead(X pin) > && analogRead (X pin) <= ) {
if (analogRead(Y pin) >= && analogRead(Y pin) <= ) {
lcd.clear();
lcd.setCursor (0, 0);

//PrintCoord (analogRead (X pin), analogRead(Y pin));

myStepper2.setSpeed ( )
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}

if (analogRead(Y pin) >

}

if (analogRead(Y pin) >

}

if (analogRead(X pin) >

myStepper2.step (- ) ;

myKeypad.getKey () ;
lcd.clear ()

lcd.setCursor (0, 0);
lcd.print ("Move joystick™);
lcd.setCursor (0, 1);
led.print ("# to restart');
delay( );

if (diesi pressed) return;

lcd.clear () ;
lcd.setCursor (0, 0);

&& analogRead(Y pin) <= )

&& analogRead (X pin) <=

//PrintCoord (analogRead (X pin), analogRead(Y pin));

myStepper2.setSpeed ( )
myStepper2.step ( )

if (analogRead(Y pin) >=
lcd.clear ()
lcd.setCursor (0, 0);

myStepper2.setSpeed(
myStepper2.step (- )

}

if (analogRead(Y pin) >
lcd.clear () ;
lcd.setCursor (0, 0);

}

if (analogRead(Y pin) >
led.clear() ;
lcd.setCursor (0, 0);

&& analogRead (X pin) <=

&& analogRead (Y pin) <=

)

&& analogRead(Y pin) <=

&& analogRead (X pin) <=

myStepper?.setSpeed ( );

myStepper2.step( )

} while (diesi pressed == false);
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5.3.4 Void loop()

210 TEAOC £XOUE TO TPITO UEPOG TOU Mpoypappatog SnAadn to void loop(). ZTo Koppdtt
OUTO €XOUHE TO ELCAYWYLKA HUNVUHOTO TOU HEVOU, TO HEVOU Kal TEAOG TNV KARONn Twv
OUVAPTACEWV

void loop () {
diesi pressed = false;

lcd.clear();

//mode selection
lcd.setCursor (0, 0);
lcd.print ("Mode Selection');
lcd.clear();
lcd.setCursor (0, 0);
lcd.print ("Step Mode:");
delay( ),
lcd.setCursor (0, 1);
led.print (" ") ;
lcd.setCursor (0, 1);
led.print("Press A");
delay ( ),
lcd.clear();
lcd.setCursor (0, 0);
lcd.print ("Coord Mode: M) ;
delay( ),
lcd.setCursor (0, 1);
lcd.print("Press B");
delay( )
lcd.clear();
lcd.setCursor (0, 0);
lcd.print ("Set Mode:");
delay( ),
lcd.setCursor (0, 1);
lcd.print ("Press C");
delay( ),
lcd.clear();

lcd.setCursor (0,0);
led.print("You selected: ");

char keypressed = NO KEY;

while (keypressed == NO_KEY) {
keypressed = myKeypad.getKey () ;

}

lcd.setCursor (0, 1);

lcd.print (keypressed) ;

if (keypressed == 'A'" )

//auto mode on

{

68



Xpovng laocwv-lwavvng

MoveWithStep () ;

}
else if (keypressed == 'R')
//auto mode on
{
SpecificPosition() ;
}
else if ( keypressed == 'C' )
{
JoyStick() ;
}
else
{
led.print (" Not Available™);
delay( );
}
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6 2YMNEPAIMATA

ZKOTIOC QUTNG TNG EPYAOLOG NTAV N KATAOKEUT EVOC POUTIOT yLa TNV Kataypodr UETPOEWV
oVTaVAKAQOoNC fXoU Tavw o€ dokipla o ouvOnkeg epyaotnpiov. H epyacia autr anote)el pla
TIOAU KON El0aywyn OTNV KATOOKEUN TWV KAPTECLAVWY POUTIOT, KOL UMOPEL vl AELTOUPYNOEL WG
Baon vy tn Onuoupyia AMwv To oUvBetwv edapuoywyv, ouvdualoviag HAALOTA
TIPOYPOLUUOTLOTIKO, NAEKTPOVIKO KOl KATAOKEUAOTIKO KOUUATL.

H epyaocia, Tnv omola ekteAel TO POUTIOT lval ammAn Kot 8ev eTdEpeL LeydAn emiBapuvon
oUTE OTOUG KLVNTAPEG 1 TOuG Afoveg eMeldn, MpwTtov Sev amatteital anoAutn akpifela otig
Kwhoelg kot deltepov n xprnion tou Ba eival meplotaclokn Kot OxL kadnuepwn. Mo o
QIALTNTIKEG XPNOELG TOpOUolwY edapuoywyv, Ba ypnowomownBolv avaioya, duvatdtepa
TPododoTIKA, KL TILo aflomioTol drivers yLa Toug KLvnTrpec.

Me tnv mpooBnkn Twv KAtdAANAwv epyaAelwVv TNV KEPAAN, TO POUTOT UNopel KAAALOTA VO
xapatel, va koel, va ypapel aAld kat va {wypadioel mavw oe eMPAVELEG, UE TIG KATAAANAEG
oAAay£C oToV KWOLKAL.

TéNog, Le TV PoaBnKn evog akopa afova Z otnv KEQAAN TOU POUTOT, UMOPEL EUKOAA val
HETATPATIEL OE POUTOT TPLWV AfOVWV YLA TNV TIPAYLATOTOINON TILo CUVOETWVY AELTOUPYELWV.
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