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IIepiAnwyn

Zuv napovoa epyacia rapouotadetat 1 vAoroinorn evog poprtot. To poprndt
o ernAEXOnKe va KATAOKEUAoTel eival Eva ouoTtpa autdpatou EAEYX0U 1-
ocopportiag Kat ouvnBidetal va anoxkaleital ovotnpa odaipag oe rmAdxka. O
OKOITOG TOU ouotpatog eivatl va oopporel pa opaipa oto KEVIPO pag erti-
niedng ermgaveag.

[Ma v KAtaoKevr] 10U CUCTHPATOG XP1OTHOTIO)0KE TO TTAKETO POITO-
KOV Kataokeuev Lego Mindstorms kat éva smartphone kivntd pe Aettoup-
yiko Android. To kupiog oodpa g KATAOKEUNG artoteAsitat and ta “toubAd-
xwa”, 1o IntelligentBrick kat toug Kivntjpeg TOU MAKETOU, £ve To smartphone
TTAPEXEL OT0 OUOTNPA PNXAVIKT 0pAot], Yld TOV EVIOITIOPO g odaipag, Kat
ETEEEPYAOTIKI] 10X U Y1d TNV EKTEAEOT] TOU MTPOYPAPPATOG.

To ovotpa POYPAPHATIOINKE 08 YA®OOd ITPOYPAPIATIONoU Java Kat to
TeEAKO eKTEALOII0 apXelo €Xetl ) popdn pag edpappoyng Android. To mpo-
ypappa extedeital arokAelotka povo oto smartphone, to omoio erukowvevet
pe 1o brick péo® bluetooth, yia va artootéAdovtatl evioAég TEpLOTPOPNS TV
xuwnpev. To brick dev exteAel karolo kOSKa addd AapBdavet 110vo eVIOAEG
oe popon Direct commands rou gppnvevovtat aro to Firmware tou.






Abstract

This study presents the construction of a automatic balance control robot,
usually called ball on a plate. Its purpose is to balance a ball in the center
of a flat surface. For the construction of the system the Lego Mindstorms
robotic construction kit was used. The intelligent software that controlled
the robot was written and installed in an Android smartphone. The sys-
tem consists of the Lego blocks, the Lego Intelligent Brick microcontroller,
and the motors that move the surface. The smartphone provides machine
vision to the system to detect the ball, as well as processing power to
calculate the new orientation of the plate and the corresponding motor
movements. The system was programmed in Java programming language
and has the form of an Android application. The program is run exclu-
sively on the smartphone, which communicates with the Intelligent Brick
microcontroller via the Bluetooth protocol for sending commands to rotate
the motors. The Intelligent Brick microcontroller does not run any code; it
receives direct commands from the smartphone, which are interpreted by
its Firmware.
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Euyxaploticg

®a 118eAa va suxaploto® Seppd tov ermBAenovia Kabnynt mg epyaciag, K.
BaoiAeto [MAaylavdako Kupiog yla v €PImotoouvr) mou pou £€8eide, Kat v
UTTOPIOVY] TTOU £KAVe KAtd T dtdpKela vdoroinong g ImuXaKyg pyaoiag.
‘Oneg ertiong Kat ya mv roAvutipn pordeta kat kabodrynor tou, yua v erti-
Auon Stagopov Jepdatev. Eriong Sa f16eda va suxaplot)oe toug Kabnynteg
MG TPIREATG ETTITPOITHG, Tov K. Mdpkou Eupuriidn kat tov K. Avayveotdrioudo
lodavvn.

‘Eva peyddo euxapote otov Iodvvn Tavvoudn yua w ouvexn otpin
Kat ouprntapdaotaor). Tédog, 9€A® va euxaploto® TV O1KOYEVELd POU yld
mV NOIKI KAl OKOVORIKY] OUPIApAotaon OXt Povo katd ) Sitdpkela g
EKTTIOVIOT|G TNG ITTUXIAKNAG PoU gpyaoiag addd kat kab’ 6An ) didpkela tov
ortoudev pou.
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Kepalawo 1

Ewcaywyr)

1.1 T eivatl éva popnot

To 9¢pa g mruytakng eival 1 KATAOKEUT] KAl 0 MPOYPAPPATION0G £vOg po-
prot. Tt eival opeg éva poprdt; Zinv epotnorn auty dev urdpxet Karnowa
oagpng aravinor. O 6pog pourdT KATIOES POPES AVAPEPETAL O PNXAVIKY
KATAOKEUT], Tou kKabodnyeital and £va npdypappa urodoylotr) 1) £va nie-
KTPOVIKO KUKA®LA, KAl AAAEG POPEG AVAPEPETAL OF £vaA EIKOVIKO TIPOYPAPd,
10 ortoio artokaleitat ouvhBwg bot 1) crawler. Yriapyouv riapa roAAoi oplopot
yia ) AéEn poprot, 61®g 01 APAKATE :

e ZUpgova pe ) dradiktuakr) eykuxkAonaidera Wikipedia, “poprot etvat
Hla PN)Xaviky] 0UCKeUT) IOV Prtopet va uriokadiotd tov avBporo oe dda-
(Popeg epyaoieg kat propet va dpdaocel Kate artd tov areubeiag £Aeyyo
eVOg avBp®dIou 1] autdVopRd KAT® AItd ToV EAEYX0 £VOG ITPOYLAPHATL-
opévou urtoAoytlot’[1].

e LUpgova pe mv eykukdornaideta Britannica, “popndrt eivat omotodr)-
IOTE PNYavi] autopatng Asttoupylag mou avukabiotd wmyv avBporvn
npoortdBela, av Kat evOEXETAl va PNV Potadel oty epdavion pe ta av-
Sporuva dévta 1 va pny extedel g Aettoupyieg pe avBponidopopgo tpoéro”
[2].

H A&€n poprdt mpoépxetatl amd v togXikn A&En robota mou onpaitvet
KATAVAYKAOTIKY] £0YA0ia KAl XPNo1pornotdnke mpotn gopd arnd tov Toexo
ouvyypagéa Karel Capek to 1920 oto Seatpikd ¢pyo R.U.R. (Rossum’s Uni-
versal Robots) [3]. H napayoyn A&En, poprotiky), avadeépetat otov KAAdo g
TeXvoAoylag rou aoyoAsital pe 1o oXedtaopd, v KATAOKEVT), Tt Asttoupyia
KAl TV £pApPoyr] TRV POUIOT, £ve XPNOIPOoIoOnKe oav 0pog yld IpoTr
@opd aro 1o ouyypadea Isaac Asimov [3].
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1.2 Ta ouotatika £vog pORMOT

'Eva poprtdt anoteldeitat and tpia pépn: toug atodnipeg (sensors), ta e€ap-
mpata dpaong (effectors) kat ) povada edéyyou (control unit).

AwoOnpeg:

A0Bntpeg eivatl ta e€apu)pata mou AapEXouV OTo POPTIOT TS ITANPO-
popieg tou rep1Baidovtog adAd kat tou 1d1ou tou poprot. Iapaderypa,
01 KAPEPEG KA1 01 OUOKEUEG sonar eivat atobntrpeg Kat IpoopEepouV |-
XAVIKT] 0paoT 0Tto poUroT, £101 T0 POPTIOT PTopel va avudapbdavetat ta
eprodia ot Hradpopr| tou, va eviortidet KAIO10 OUYKEKPTIEVO AVIIKEL-
pevo ktA.. Eve ot atobnpeg GPS napéxouv oto poprdt ) Suvatdinta
avtlAnyng ©g 1pog 1o 1ou Pploketal o 1dlo, pe Paon ug yeoypadt-
KEG OUVIETAYREVEG. YTTIAPXEL PEYAAN MOKAla alodnI)pev OTIOg )XoV,
PTG, Aadrg, depporpaociag, POCAVATOAIONOU K.d..

Efaptipata Spaong:
Ta e€aptpata 6pdong eKteAouv evépyeleg TIAVe 0to TeP1B8AAAov e 0KOo-
1o ) petabolr) tou 1) ) petaBolr) tou i61ou Tou poprot. ZuvnBeg eivat
Kvnmpeeg 1 Ppaxioveg kat divouv oto poprot ) duvatdnta PETaKi-
vnong tou 1d1ou 1] Karotou diAou avureipévou. Ot duvatég Kivroetg
Tou pourdt exkppdadovratl oe Babpoug edeubepiag. e kABe ave§aptn
Kateubuvor 1pog v ortoia propel va KivnBel éva poprot 1 pa arod
TG ouoKeueg Hpdaong tou, avtotolkel évag Babpog edeubepiag [4]. Ze
YEVIKEG YPapPpEG SNA®veL To TTO00 £UKIvITO ivatl éva popItdt oto XHpo.

Movada eAéyxou:
Movdada eAéyxou evog popRItdt oOUCIAOTIKA £lval évag UTIOAOY10TG TTOU
ene§epyadetat ta 6edopéva mou Aapbavel, pEoe TV Alodntpev, aro
10 yUupe neptBaddov kat oxediadet tg evépyeteg rou Sa eKTeAE0EL PE T
BonBeia tov eCaptnpuatev Spdong, Aapbdvoviag uroyn Toug OKOTIoUg
TOU POWTIOT TTOU TIPETIEL VA ETTITEALOEL.

1.3 Katnyopieg popnot

Ta popmot Propolv va H1aX@PE10ToUV 08 TPEIS PEYVAAEG KATNYOPIEG: TA XEl-
potpla (manipulators), ta petakivoupeva 1) kwvna (mobile) kat ta avBpe-
roetdn) (humanoid) poprot. O Srayxeplopog autdg yivetal Pacet tov popgo-
AOVIKGOV XAPAKINELOTIKGV [B].
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Xelplotpla popunot:

Ta xeiplotpla pourot 1) pourtotikoi Bpayioveg ouvrBwg eivat ripooap-
poopévol oe pia otabepry Paorn. H xivnon tou Bpayiova aroteleitat
ouvr|Beg amod pia oe1pd EAEYXOPEVOV apBpP@OE®V IOV EITITPEITOUV OTO
pourtdt va xepiletal dragopa avuxkeipeva. Ta xeplompla popror a-
vagepovtal OAAES QPOPES KAl O KATAOKEUAOTIKA pourtot (manufac-
turing robots) yiati eival o ouvnBéotepog TUIOG PLOPNXAVIKGOV POUITOT
KATAOKEUTG-0UVAPHOAOY0NGg avukeipevoy [5, 4].

MetaxivoUpeva popnot:
Me 10V 0p0 PETUKIVOUPEVA POPIITOT XAPAKINPioVIal AUTd IToU PItopouy
va petaxivouvial eAevBepa og £va X®PO KAl va EVEPYOUV OTd YUPE® aVILl-
keipeva. Xopidovial oe autdvopa PETAKIVOUPEVA PORITOT KAl OE POUITOT
rmou 6pouv Kate ard tov areubeiag EAeyxo tou avBporou [5].

AvBpwnoe1ds popnot:

Ta avBporoeldr] poprot eival pla pign v o rponyovpevev Kat-
yopiov. Eival autévopa petakivoupeva popriot, epodiaopéva pe Bpa-
Xiloveg kat powadouv oe gpgpavion pe tov avbporo. Ta pouprdt avtd
Kartaokeudadovral Kuping A0y® £PEUVITIKOU Kal YUuXay@ylkou eviiapé-
POVTOG KAl 0 OKOITO§ TOUG €ival va pipouvial ty aviporivr] OUpmept-
popa [5, 4]. To mpoto avBperopopdo pouItot avaPEPETal oty apxaia
eAAnvikn puboldoyia, ovopadotav Tadeg kat ftav Evag pubikog, yiyav-
110G QpuAakag g Kpning guiaypévog arnd XaAko.

To o dnpo@iAég poprot tou eidoug eival to Asimo g etaipiag Honda
(Zxnpa 1.1). Ermiong £€va daddo Snpo@idég pournodr, to AIBO mg Sony
£XEL POPPT] KATOIKIB10U OKUAOU aAdd PEPEL TIAPOPO1d XAPUKINP10TIKA
e ta avBpoeroedn) poprdt (Exnpa 1.2).

Zynua 1.1: ASIMO, fva avdpw- Zynua 1.2: AIBO, pounot os puopr)
nogbég pounor e Honda [6] katowibiov okvAou g Sony (7]
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1.4 TIIedia sepappoyng Tng PORMOTIKIG

Zug pepeg pag, n eXvoloyia g POPITOTIKEG £XE1 £10X®P1joel 0Xeddv oe KABe
kAGbo araoyoAnong Kat £Xel yivel IMAEOV Arapaitnin otoug IEPLO0OTEPOUS
ard avtoug. Mep1KEG EQaPPOYES TG POPITOTIKIG avaPEPovIal ITaparate [4]:

Zynua 1.3: To gpsvvnuuco dwa- Zynua 1.4: Da Vinci yeipoupytko pouno-
oo pourot g NASA [8] Ko ovotnua [9]

Biounxavia:
Ta popmodt Xpno1poroiouvial 08 TOPEIS IToU artattouv SUOKO0AN avipm-
mvn epyaocia kat erudéxovial popronkr) avtopatoroinon. Turnkeg
ePaPPOYES TV poprtdt replapBavouy ) ouvappoAdynon, v ToIo-
d¢non tpnpatev, ) ouyKoAAnNor), ) ouoKeuaoia, Vv ermbedpnon Kat
ToV £AeyX0, Kat OAa autd pe peyddn tayuuta kat akpibela.

Emikivéuva nepiBairdovra:
Ta poprmodt Exouv Bonbrioetl toug avBpwrtoug otov kabaplopd rmupnvi-
KoV arobAntav, oneg oto Togpvoprtd. ‘Exouv xpnomporowmBei yia tov
agoriatopo Bopbov. Tevikog, Kpivovial anapaitnta Orou ermKpatouyV
avrti§oeg ouvlrKeg yia tov avBporro.

Eepeivnon:
Ta popndr €xouv mdel oe pépn oOrou eivar duokodn 1 ermkivbuvn 1)
IPOOoTIEACOT] aro avBp®Itoug, On®g rapdadelypa n erm@avela tou Apr
(Exnfpa 1.3) xat o fubog Tou KeAVOU, PE OKOTTIO T OUYKEVIp®OoTr) Hedo-
REVEV KAl Xaptoypdadnon yla EPEUVITIKOUSG OKOTToUG.

Iatpikn @povtida:
Towg n o orovdaia epappoyr] v poprtdt eivat oty tatpkyy. Th of-
HEPOV NUEPA, £vag XELPOUPYOG UITOPEL Va IMPAYHATOIIO|0EL XE1POUPYL-
KeéG erepBaoelg pe ) Bor)Bela POPMOTIKGY OUOTNHAT®V, KAVOVIAS ITOAU
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HKPEG Kat akpiBeig TOPEG, PEI®VOVTAG ONPAVTIKA Tov Kivduvo yla toug
aobeveig ExHpa 1.4). Emiong otdxog g 1atpikng Kowdtntag eivat n
AVATTTUEH ATTOTEAEOPATIK®OV EPPUTEVIEVEOV OUOKEU®V KAl TEXVNTOV PO-
HIIOTKGOV AKPeV, dleukoAuvovtag v Kabnpepwvr) {or) tov acbevav.

IIpoowmiky efunnpétnon:
Ta poprtot e§urnpétong Ponbouv toug avBpOITOUg OtV EKTEAEOT] TOV
Kabnuepvev epyact®v. XapaKinploTiKo apddetypa ivatl 1 autopatn
NAEKTPIKI] OKOUTTd.

1.5 Avukeipevo Tng MTUX1AKNG £Epyaciag

Ztv mapovoa epyacia VAOTIOONKe £va POPIIOT IOU £XEL OKOIO vd 100p-
porel pa ogaipa oto KeEvpo pag erinedng ermgdvelag. Eivat pua otabepn
KATAOKEVY), 1 omoila Kwel pa mAdka pe tetolo 1poro ©ote 1 opaipa, 1mou
Bploxketat mave oe auty), va eivat ravia oto kevepo mg. H Swadikaocia avty)
EITITUYXAVETAL PE TNV eVIOTIOPS g opaipag amod pia Kapepa rmou PAEMEL To
Ave PEPOG NG ETUPAVELAG, KAl TV AITOOTOAN] KATAAANAGV EVIOA®V OTOUG
KV PeG TTI0U MEPLOTPEDOUV, TTpog duo Hraotdoetg, v eminedn erugpdaveia.

To poprdt autd eivatl éva ocuotnpa avtopatou €Aeyxou oopportiag, dn-
Aadr| eivatl éva poprdt, To o110 AETTOUPYET PE £va TIPOYPAPAA TIOU TPEXEL OF
KATIO1d UTTOAOYIOTIKY] Jovada, X®pig va dpa Kdate amd tov €AeyX0 KATIO0U
avBporou / xeprot. [ToAAEg popég To popmot autd avapépetal @g ouoTnpa
aUTOPAToU EALYXO0U odaipag o€ MAAKA, KAt £ival pa rapaddayr) tou ouot-
patog opaipag oe pabbo, evog pourtot dHnAadr) TTou 100ppPoTIEl TN OPaipa TIAVE
o€ pa pabdo (1oopportia os pia Siaotaon).

To ovotpa opaipag oe TAdKA eivat apketd SUoKoAo ot oxediaon Kat v
vloroinor, ywati eivat éva ovotnpa rmov ennpeddetat aro roAAEG PETABANTEG
ou 1o Kabiotouv aoctabég kat aduvato ot mAnpn pabnpatky) povieAornoin-
on. H Avon oto aotabég mep8addov eivart i) Xprion g avadpaong (feedback).
Avadpaon ovopddetat np avatpododotnon g e§686ou evdg ouOTHPATOG OTNV
e10080, o110V 1] £€060¢6 OUVHB®G UrtoAoyiletatl pe v PorBela OV AlobnPeV.
Ly repirmoor)] pag o atobnmpag eivat n kapepa kat 1 €§0dog tou ovotpa-
10g eival n 9€on g opaipag mave oty ermgavewa. ‘Etot n mAnpogopia yla
mv 9¢on g odaipag avarpododoteital oto Poypappa Kat urtodoyietat 1)
Kawouptla Kivnorn mg ermeavelag, yla va ermrteuxBel o okornog tou ouotrpa-
10G.

[Ma mv KAtaoKevr] 10U POPITOT XP1OTHOTIONONKE TO MTAKETO POPITOTIKGOV
kataokeuev Lego Mindstorms NXT2.0. Eivat éva rakéto rou rieptdapBavet
ta “rouBAdxkia”, pe ta oroia ocuvappoAoyeitatl o Kupleg oodpa evog popItot,
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Toug atobntpeg, toug Kiveeg Kat to IntelligentBrick, to omoio eivat pa
HIKP1] UTIOAOY10TIKY] povada eAE£yX0U KAt INyY) EVEPYELAS V1A T POPITOTIKY
kataokevr|. Emtiong yta tmyv vdomoinorn tou poprndt Xpnotponodnke éva Ki-
vnté smartphone pe Aettoupyiko android. H cuokeur) aut) mapéyet ermutAeov
a1obnpeg, OTIOG £ival 1 KAPEPA ITOU XP1NOOTIOWONKe, KAl IEPIO00TEPT] U-
TTOAOY10TIKY] 10XU.

To poprndt nipoypappatiotnke o8 YAGOod Ipoypappatiopou Java kat to
eKTEAEOIP0 apXelo £Xet ) popdr) pag epappoyng Android. H xwvntr) ouokeu-
1) TPEXEL ToV KOOIKA Kal artootédAet TG eviodég peow bluetooth oto brick, to
ortolo ot ouvéxela Kivel ta e§aptipata dpdong. Ot evioAEg ITOU ATtooTEAAOV-
tat eivat oe pop@r) Direct commands, katdAAnAa cuvtaypéveg yla va eppn-
vevovtat aro to firmware tou brick. Emiong xpnotponoOnke n P18A1o6nkn
ene§epyaotag Pivieo mpaypatkou Xpovou OpenCV, yia tov eviormopd g

ogpaipag.

1.6 Opyavworn tng MIUXLAKNG Epyaociag

To kepdAato 2 e€nyel T £ival Td CUCTARATA AUTOPATOU EAEYX0U KAl AVAAUEL TO
AuTOPATo CoUOTNA odaipag oe TMAAKA, ATIO QUOIKT] Kdl Pabnpatikn aroyn.
Emiong nieptypdagovrat ot PID eAeykteg rou fonbave otr artoteAeOPatKoOTEPT)
Aettoupyia TOU CUCTHPATOG TTOU VAOTTIOW)ONKE.

To kepddalo 3 meprypddet avadluukd to rakéto Lego Mindstorms xkat
1o android smartphone mou Xpnowpono}OnKav yla v KATaoKeUr| 10U ou-
otpatog, Kabwg eriong rapouotdadet TG PBAodnKeg KAt 10 AOYIOMKO TTOU
XPNotporo}BnKav yia tov Impoypapatiollo T0U OUOTHATOG.

Zto kepddato 4 oe ripe) Paon rntapouotddetal n dHradikaoia g KATAOKEU-
1S TOU pouItdT Katl oe Hevtepn PAoT avaduovial ta Brpata tou rpoypappa-
TIOPOU TOU POUITOT.

Zto tedeutaio KepAaAato rapatifevial ta oupreEpAopatd, Oreg Kat KATTO1EG
mbaveg H10pOBM0EIG KAl ETTEKTAOETG.

Zto mapdaptnpa A’ rtapouotadovial avaAutika td Prjpata ouvappoAoynong
TG PONITOTIKYG KATAOKEUTNG. Lto rapdptnpa B’ Bploketat o teAkog rinyai-
0g KOd1KAG Tou poprot. Xta napaptpata I kat A mapartiBeviatl ta texvika
Xapaxmplotkd tou IntelligentBrick kat tng Kivntg CUOKEUNG ITOU XP1O110-
now)Bnkav kat oto rapdptpa E napovolddetat 1o ypadiko nept8aiiov g
EPUPHOYHG TTOU EAEYXEL TV KATAOKEUT.
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IIepypagn rat padnpatikrng
HOVTEAOMOLiNOoN TOU (PUOLKOU
ouoTNaTog oaipag o€ MAAKa

Z1o kepdlato avto Sa e&nynbouv ta ouotrpata autopatou EAEYXOU Kat ETEL-
ta da neptypadouv ta ovotrpata opaipag oe pabdo (ball and beam system)
xkal opaipag oe Adaxa (ball and plate system) pe 1o tedevtaio va sivat kat
avuxeipevo g napovoag rmuylaxkng. ‘Enewrta, Sa poviedlonomnBel pabnpa-
TIKA 10 ovotnpa ogaipag oe rmAdaka kat tedog, Sa e§nynbouv o1 edeykreg PID,
ITOU Eival 01 ONPAVIIKOTEPOL ITAPAYOVIES TG ETUTUXIAS TOU OUOTHATOS.

2.1 Zdotnpa avtopatou £A£yX0U

To ovotnpua rou Ya vAortonOel eival £va ovotnpa AvtOAToU EAEYX0U, TO O-
roio eivatl éva ouvolo Hraouvbedepévav oTolXEimV Kal e§apTPRAT®V 0V JITo-
pouV va £§aopalicouv KAvOIto UKy arokpion, oe diapopeg ouvOnKkeg Aet-
toupylag yia Siagopa ofparta swodou (Zxnua 2.1). Ta ovotpata eAeyxou
Xopidovral oe ovotpata eEAEYX0oU avoiXtou Bpoyxou (open-loop systems) kat
ouotrpata eAéyxou KAelotou Bpoyyxou (closed-loop systems) [10].

Elgofog —» Z0OTNH ——» Efoboc

Zynpa 2.1: Anjn avanapdaotaon ovonjuatog eiéyyou

Zta ouothpara avolXtou Ppoyxou xpnotporoeitatl evag eAeyking (con-
troller) yia va €léySel areubeiag tg tpeg e50dou Xwpig avarpopodotnon

7
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(feedback). Ta ovomjpata avtd eival eUKOAA OV KATAOKEUT), Hev ITapouvotd-
Couv nipoBAnpata aotabelag, addd dev £x0ouv MAvVIa 1KAVOTTIOU|TIKY] ATrtOKP101,
e1d1ka oe akpaieg ouvbnkeg Aettoupyiag (Zxnpa 2.2) [10].

MpayUoTIK
£€E0bog

Enmgupntd

: FAEYK T > ¥opug
€£050C —_— EAeyKTrg ZooTnua —

Zynpa 2.2: Avanapaotaon ouotnuatog sAgyxou avoytot Bpoyyou

Zta ovompata KAE10tou BpoyXou EXOURE EIMIMTAEOV, OE OXEON HE TA OU-
otpata avorxtou Ppéyxou, kat tov kAado avarpododotong, o orioiog ou-
vBwg repvaetl péoa ard évav atobnmpa (sensor). H dagopd petadu ng
eruBupntig €§66ou (e10060u) Kal g rpaypankng £566ou eival 1o opdipa
tou ouotnuatog. To opdApa autd pubpiletal ard Tov EAEYKIN PE OTOXO TNV
elayiotoroinor] tou Kat BeAtiotonoinon tng ardkplong. Me ta cuvotpata
KA£10TOU Ppoyxou ermruyxdaveral peyalutepn akpibela eAeyyxou tou ouotrpa-
10¢ (Zxnpa 2.3) [10].

MpoyHa T
£E0boc¢

EmBuuntrn

5 0
£Eobog i

EAEYKTAC

¥

AOBNTAPCS |

Eyxnua 2.3: Avanapdotaon cvotipatog eAgyyou kicotov Bpoyyou

‘Eva ovompa avtdépatou eAEyX0U TPETEL VA 1KAVOTIOEl oplopéves arat-
T0Elg, ONEG:

Euotabeia:
Katda réoo n £§060g tou ovotpartog Hev urniepBaivel ta ermrpertta opia.

AxpiBeira:
[Toon eivar n artdkAon petadv mg ermbupnmg Kat mg Mpaypatikyg
Tang £§6dou.

TaxUvtnta anéxpiong:
[Téoo yprjyopa avrtarokpivetal 1o ovotnpa.

EvawBnoia:
[T6oo evkoAa ernpedletal 1 £5060¢ ard 11§ PIKPEG PetaBoAEg g €100-
bou.
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TéAog yia v vdoroinorn £vog OUOTIIHATOS AUTOPRATOU EAEYX0U UTTAPX0UV
1a £&ng Paoika ortadia:

e IMATIPTNG KATAVONOL TOU OUOTI|HATOg,
e oxedilaon kat pabnpanxkn povieAornoinon 10U CUCTHPATOS,
e KATAOKEUT] KAl IIPOYPAPHATIONOG TOU OUOTIATog,

e Melpapatikoi €leyxot yia myv diartiotorn) g ermbupntrg Asttoupyiag
TOU OUOTHATog.

2.2 Ilepiypagr) TOU CUCTIPHATOG OPaipag ot pa-
Bdo

To ovotnpa ogaipag oe paBdo, 6riwg gaiveral oto rapaxkdate® oxnpa (Zxn-
Ra 2.4), £xe1 og Aettoupyia va 100pporel pia odgaipa oto KEVIpo mg paddou,
ouvnBwg pE Xpron plag Kapepag. To ovotnua autd eivar pla arAouotepn)
Rop®1] Tou ovotrpartog rou Ya pedemBel, eival Kat o Adyog Imou meptypadetat
edm. LXenkda pe 1o ovompa ogaipa oe pabdo £xouv ripayparornoinOel oAAEG
gpyaoieg [11, 12, 13], ot omoieg eival vAKO peAéng g rapovoag epyaoiag.

Eynua 2.4: lNapdbeypa ovotruatog opaipag oc pa6bo [14]

Ta xupla otoreia evog ovotmpatog ogpaipag oe pabdo eivar n paBdog, o
KIVI|INpaAg ITou MePLotpedel 1 pabdo, pa opaipa xkat ouvhbwg pia Kapepa
Exfpa 2.5). Ztoxog tou ovotrjpatog sivat aAddoviag my yovia, va Kateu-
Yuver my ogaipa oto kKEVIPO g pabdou (1 oe ortowodnrote dAdo onpeio £xet
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op1otei), To oroio arotedel £va npdBAnpa 1oopportiag Kat dpa n opaipa &-
rmpeadetal arno rmoAAég guoikeg Suvaperg. Ma va Aubei to ripdBAnpa mpénet
va UItoAoy1otel 11 ouvoAlkr] SUvaprn Imou aoKkeital o) ogaipa Kat va aokndei
eite pa avriotokn, avriBetn duvapn pe ) Ponbewa g yoviag mg pabdou,
£101 ®ote va pndeviotouv o1 duvapelg rov aokouvtal ot ogaipa, £ite pe e-
Adaylota peyadvtepn 1 PIKEOTEPN Vovia yia va kateubuvBel n ogpaipa rpog
avtiototyn akpn mg paBdou. 'Omnwg yiverat avuAnrmo dev parmopouv va uro-
Aoylotouv pe axkpiBeia 0deg o1 Huvdpelg aUteg, OTOEG KAl 10 AKPBEG KEVTIPO
padag mg ogaipag pe ) Xprorn mg kKapepag, kabog xat n pn artdAutn akpi-
Pela meP1oTPOPr§ TOU KIVITIPA, HE AITOTEAEORA VA UTIAPYX0UV KATTold Pikpd
evdexopéveg opddparta. Ta opdApara avtd £€X0Uv 0av OUVETTIELA ATTOKAIOELG
o yeovia mg pdabbou, pe teAKO arotédeopa va |nv 100pporiet n ogaipa.
I'a va AuBeil avutd 1o gprddio Aapbaveral vnown Kat 1) nponyoupevn £50dog
(avarpogodotnon), vitodoyidetal to opdadpa Kat pe my Poribela tou eAeyKrr
nipoodilopidetal n Kawvoupla yovia rov Sa EpPavioet JIKPOTEPT] ArTOKA101] artod
mv erubupnn) yovia. Apa to ovompa opaipag oe pabdo vdornoteital Kupimg
MG £VA AUTOPATO OUOTNHA EAEYX0U KAE10TOU Bpoyxou.

e

Kapepa Ypaipa

P&Bdoc

\

«—Kuwntipag

Zxnpa 2.5: Anjonompsvo oxnua 1ov ouotuatog opaipag os paGoo

2.3 Ilepiypadr TOU OUCTHRATOS o¢aipag Ot
MAdara

To ovompa ogaipag oe mMAaxka (Exfpa 2.6) eivat eva ovompa ogaipag oe
pabbdo oe 6U0 Sraotdoelg, dnAadn) n eruddavela 1wopportiag dev eival rma n
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paBdog (pag Sidotaong) addd pa terpayevn rmidaxka (dvo dwaotdoswv) pe
onpeio ermbupntrg 1oopporriag ouvr|feg To KEvipo g rmidkag. Epyaoieg
pe 9épa v vAoroinon 1] MPOCOPROI®OT] TOU OUOTIRATOS odaipag Oe MAdKA
glval To KUp1o VAKO g rapovoag ImuxXiakng epyaoiag [15, 16, 17].

Kwnrripag Kwntripag

Zynua 2.6: 'Eva mapddsiyua Zynpa 2.7: Ta xUpia uson tou
ovotuarog opaipag oc njilaxa (18] ovotuarog opaipag oc njlaxa (18]

KEVTPLKO OTHpLypa

Inpeia npoobeang
KLWNTIpWY

Zyrpa 2.8: O 6vo afoveg m¢ nAdkag kat ta onueia mpoodeong TV KIUNINP@U

To ovotnpa Aettoupyei oe HUo draotdoeg, ordte Xpeiadovial rmAEov HUo Ki-
vnpeg, évav yla kabe afova (Exnpa 2.7), apa etvat 8o Pabpov eAeubepiag.
H mAdxa £xel éva otabepod onpeio oto keévipo g Kal duo onpeia ovvdeong
e Toug K peg, oe diatadn opbrg yoviag (Exfpa 2.8). Me autdv tov 1poro
ouvdeong srutuyxaverat 1 ave§apwn Aettovpyia petady v afovev, ornote
10 1IPOBANa propet va Aubel ma oav §vo avedaptra ovotnpata opaipag
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oe pdBdo. To ovotnpa ornwg Kai 1o opaipag-paBdou vldoroieital KUpieg oav
ouotnpa £AEyX0U KAE10TOU Ppoyxou.

H Aewroupyia tou ouoTtrjpatog @aiveral oto mapakate daypappa (Zxn-
Ra 2.9) Kat ouvorka rneptypadetat ota §ng pPryjpata:

1. Ewodyovratl o1 emBupntég ouvietaypEveg, To onueio oto ortoio Sa 1o00p-
portioet 1) ogaipa (ouvhBwg eival To KEVIPO NG MAAKAG).

2. Evrortietatl ) ogpaipa Kai 01 OUVIETAYHEVES TG

3. YroAoyidovial o1 arokAioelg g Kabe ovvietaypévn g ripog g ermbu-
HNTEG OUVIETAYHEVES.

4. O edeykmng AapBavet 11§ arokAioelg Kat ripoodiopidet ) yovia mou rpée-
el va EQAapPootel otov Kabe Kivnmpa.

5. Metaxwveital n ogaipa Kat 10 ovotna enavepxetal oto devtepo Prpa.

& FUUTETQYLIEVES TIE opaipac Now EVTOMOE 1 kKauEpa
Em8upntr 8eon des.x, desy: EMBULITES OUVTE TAYUEVES ICOP0OMTS, CUWIiBws KEVTEO (0.0)
X ATokAioEis Tri¢ BETNIS T OPaipas oI kAP UV TE TaVLEY!
a b O VWWIEC TEQICTOOPC Tl KL Triow L
] I
des.x des.y
v v
EVTONONSS TNE I—l—) YOAOYLOUEE — % — —& —»
opaipae UE xprion OPAAPaTOC Yo EAsyr TG Kwvntripeg @Eon opailpg
KOpEpOG e raOe Gdfova ¥~ | by

I avalpacn

Zynpa 2.9: Aidypauua tov ouotiuatoc opaipac os midrka

2.4 MaOnpatiky povicAomoinon TOU CUCTHPA-
T0G ogaipag oc MAARaA

I'a va oxedlaotei 0 eAeyKIrg TOU OUOTNPRATOG OPaipag o MAAKA, IPETIEL va
avarttuyBei éva pabnpatnko poviEAo 1@V QUOIKOV SUVAPE®Y TOU OUOTHRa-
106. ‘Onwg avapépbnke mponyoupéveg, To ovotnpa priopet va dtayxeplotet
oe duo avefapmta ovotnpara ogaipag oe paBdo, ordre apkei n Avor evog
ovotnparog odpaipa oe paddo.

H ogaipa torobeteital ot pabdo, orou Kuddel Katd pnkog mg pabédou
(og a &uaotaon). 'Evag poxAoBpayiovag ouvbeel tn pabdo pe tov Kivnpa
Exnpa 2.10). Kabog o xivnpag yupvdast Kata pia yovia 9, o poxAog a-
vaykadel ) paBdo va yupiost katd yovia a. ‘Otav 1) yeovia g pabdou @uyet
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aro my opi¢ovria deor), n Paputnta mpokadei 1o KUAIOpaA g opaipag Katd
pnKog g paBdou. Me ) BorBela tou edeykin i 9€on g opaipag ot pabdo
Ya xkabodnyeitar [19].

Zeppo-Kivnripag

Zxnpa 2.10: Mnyavico ocvomua opaipag oe paGdo [19]

YroBétoupe 6t Hev £xoupe odioBnon g opaipag kat n tBr] petadv mg
ogaipag kal mg paBdou sivar apeAntéa. Xro rivaxka 2.1 rapatiBevrat ot
petaBAntég Kat otabepég Tou ouoTPAtog.

pada g ogaipag

axtiva g opaipag

otaBepd Papunrag

porm) adpavelag ogaipag

9¢on g opaipag rave otr) patdo

prkog tng pabbou (otabepd onpeio pexpt 1o onpeio npoéodeong Kivnmpa)

yovia g pabdou

yovia tou Kwvnupa

alole ||| alw|m| 8

arndéotaor KEVIpou Kivrmpa Kat Bpayiova

ivaxag 2.1: Meta6ANTEC kal 0TadgpES TOU CUOTNUATOS opalpag o paGo

IMa va AvBel 10 ovotpa Xpnoworoeitat 1 §lowon Lagrangian [20] g
kivnong g ogaipag [15, 19]:

o
R?

H ypappwkortoinon g €5iomong g rpog ) yeovia g pabdou, a=0, pag
divel ) ypap ks ripooéyylon tou ovotnparog [19]:

0=( - m)i + mgsin(a) — mra? 2.1)
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(% +m)i = —mga 2.2)

H e&lowon rou ouvdéet ) yovia mg pdBdou pe ) yovia tou Kwvnipa
Propetl va mpooeyylotel arno my e§looon [19]:

d
= =0 2.3
a=7 (2.3)
avukabotovIag oty rponyoupev e§lowmor), £XoUpe:
J d
(ﬁ + m)r = —mgzﬁ (2.4)

1 e€lomorn petaoxnpatietatl pe Laplace [19]:

J d

(ﬁ +m)R(s)s® = —mgz(a(s) (2.5)
Avadwataoooviag, Bpilokoupe ) cuvdptnon petagopdg g yoviag tou

kwnpa (O(s)) mpog ) Hon mg opaipag (R(s)):

R(s) mgd 1
O(s)  L(Z +m)s?

Fvepidoupe ot n porny adpdvelag yla ouprnayr) opaipa Sivetat and wmyv
e€ng eSloworn [21]:

P(s) = (2.6)

2

Jsotid = 577132 (2.7)
Kal yla pn ouprayn ogaipa [21]:
2 2
JHollow — ng (2.8)

Avtiotolxa n ouvaptnorn petagopdg (2.6) pe g (2.7), (2.8) pag diver g
MAPAKATE eSLOMO0EG:

R(s Hgd 1

PSolz’d(S) = @Es; = —%? 2.9
R 3gd 1

PHollow(S) — @EZ; — _5%? (210)

H ouvapton petagopdg (2.6) eivat yua pua didotaon. '‘Otav £€Xoupe 1o
ovuotnpa ogaipag oe MAAKA £X0Upe HUO TETOEG OUVAPTHOELS, Pd Yia KABe
Kwnpa-agova.
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Me 1ig ouvaptnoelg auvteg, dempnuikd, Ja priopovos va vdoroinBei to ou-
OTNAa oav oUoTNEa EAEYX0U avoiXtou Bpdyxou. Zinv MpayRatkotta 0png,
n Kivnon mg ogaipag ermpedadetal aro moAAeEg akopa (pn perpiotpeg ardiu-
Ta) SUVARETS TIOU AOKOUVIAl ITAVe G, aAAd Kal aro v || arnolut akpibeia
10U vAkoU, dnAadn mg nepotpodris 1@V Kvnupaov. ‘Etol propet va vlo-
o Bel oav ovotnpa kKAswotou Ppoyxou, orou Ja rapexetal ermdidpbwmorn tou
ouOTHATOG, PNE0® TNS avaTtpoPodOTHONG TOV MPAYHIATIKOV OUVIAYHEVOV TG
ogaipag. Ltnv rapovoa gpyaoia xpnowporiowbnke edeykig PID, o oroiog
Aertoupyel Katl X@pig 1 ouvaptnorn PeEtadopag.

2.5 PID gAeykiig Kat n epappoyr Toug oto ouU-
otnpa odaipag oc mMAARaA

2.5.1 PID eAeyrtég

Yrdipxouv 614dopot EAEYKIEG AUTOIATOV CUOTNRATOV, 0 o Hradedopévog kat
o euxpnotog opwg eivatl o PID edeykmg (Zxnpa 2.11). 'Evag PID gleykmg
urtodoyidel ) tar o@daiparog oav ) dSrapopd petadu g PETPToING TIRNG
Katl mg ermbupnirg tprg. O oKordg Tou £AeyKTr) £ival va Aax10Toronoet
10 o@aApa peoa aro mmy pubuion g arokpilong tou ouotparog [22]. O
€AEYKING AUTOG XPNOTHOITOIEITAL 08 OUoTAata KAE10ToU Bpayxou.

_» P

EmBupntn )
P p— ) dpa [ | — 5 FboTnua » EEabog
N +

MeTpnon

= - AcBnTApag [E—

Zynpa 2.11: Avanapaotaon cvorijuatog pue PID sfsyitn

O eldeykg PID ouvowaotkd esival évag alyopiOpog rmou urodoyilel my
TUr) TOU 0PAAPatog PEoa Aarmo TG EEXMPLOTEG OUVIOTMOES, KAl £T01 TIOAAEG @O-
peg ovopddetal edeyking TPtV 0pav. O épog PID mpoxvrttel arnd ta apyikd
v Aégewv Proportional (avaloyikdg), Integral (odoxAnpepa) kar Deriva-
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tive (Iapay®yog) Imou avtiototXouv OTig TPEG OUVIOT®OEG ToU, OITou o 0pog P
AVTUTPOO®ITEVEL TO 0PAApa g ITapouodag Katdaotaong, o opog I t ouocowmpeu-
o1 v opaApdtov tou mapeABoviog, kat o épog D eival pia mpoBieyn tov
peAdovukav opaipateov. To otabpiopévo abpotlopa TV POV 0pOV XP1N01H10-
roteitatl yla ) pubpion tou ouothpatog avtopatou edéyyou [22]. H £8odog
Tou eAeyku) oto redio Tou Xpovou meptypddetal &g e&ng [23]:

de(t)
dt
orou 1o e(t) eivar n aroxkion (0pddpa) tpAg and wy erubupn) upn,

rou tapatnpeitat. Ot petabAnteg Kp, K; kat Kp eival ardég otabepég

ult) = Kpe(t) + K; /Ot e(r)dr + K @.11)

TREG, 1ou raipvouv dragdopeg TPEG, yia va pubpicouv avaddymg KATolo
ovotnua, otabpidovrag £tot v KAbe ouvioT®od Tou EAEYKTY, Kat ovopadoviat
avtiotorya:

e Kp = Avaloyiko kEpdog
o K; = OMoRANPOUKO KEPSHOG
o Kp = AMagopikd kepdog

O avaloyikdg 6pog Tapdyet pia Tr £§66ou, n oroia eivat avaloyn g
TPEXOUOAGg TPNG oPpdApatog Kat pubpiletat and v avaloyikn otabepd Kep-
doug (K p). H xpnoyomoinon tou avadoyikou eAéyxou Ja £Xel @G arotedeopa
) peioorn, addd noté v e§ddewyr), tou poévyou odpdipatog [22, 23].

O oAoxkAnpeuxkog opog eival aBpotopa GAV OV oUyHAi®V opalpdiov
aro TV OTIYHT) TV §EKIVN0E 1] Ae1Toupyia Tou ouotpatog (0AoKArpeopa tou
opdaAparog) kat divel 10 ouooepeupEvo odpdipa rou Enpere va 610p0w0el
nponyoupéveg. To oucompeupévo opdipa roAdarndaotadetatl pe to OAOKAL-
pPOTUKO KEPSog (A7) yia ) pubpuon g andkplong tou ovothpatog. H xpnot-
po1t0iNno1 ToU 0AOKANPGOTIKOU eAéyXou Sa ealeiypet o povipo opdApa, adda
Ya xelpotepéyet ) perabatuky) anoxkpion [22, 23].

O dlagopkog opog eivatl 1o yvopevo g PetabBoArng tou odpdApatog pe
v 1Iapodo Tou XPOvo eIt 10 apayeyiko / dtagpopikd kepdog (K p). O Gua-
POPIKOG £Aeyxog da €xel oav amotédeopa v avinor wg otabepdntag tou
OUOTHIATOG KAl PEIDVEL TO XpOvo arnokplong [22, 23].

A6 toug ouvbuaopoug Tev dpeV IIPOoKUITtouv didadopeg katnyopieg PID
edeyktov (pndevidovrag tov avaloyo 6po):

o [P eAeyKTEG

o PPl eheyrieg
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o PID eleykiég

o PD eleyktég

2.5.2 H spappoyn PID eAeyRTOV 01O cUcTHRA

To ovompa opaipag oe MAAKA, OTIOG AvapEPOBNKE MPONYOUPEVEG, ATTOTEAET-
Tat arnd duo Kvntpeg Kat 1 odaipa wopporel oe dUo H1aoTdoelg, EMOPEVHS
Xpewadetat évav eAeyKr yla v KaBe Sidotaon. O kdbe edeykg da e§etadet
Vv arnokAton g 9¢ong g odaipag ard v erubupn Seorn), ot ddotaon
rou eivat urtevuBuvog, kat Ya urodoyiletl v avtiotolXn yovia mou Ipemnet va
nieplotpadei o Kivntrjpag rmou eAEyXeL, €101 ®ote va Petobel autr) ) ardxkAor).
Egodoov ) ermBupntr) 9€on eivat to KEVIPO G ermPAvelag, yia Tov EAEYX0 g
artdéxAtong da xpnoworowmnBei 1 andotaon g opaipag ard to keévipo. Ot
0pot tou gAeykrr) Sa opidoviat &g:

o Kpx (mpaypatkr) 9€on - erubupntyy 9¢on g odaipag)
o K;* 0Aeg o1 ouyplaieg arokA{OEl§ OUVOAIKA
o Kpx tayxuuna g ogpaipag (petaboln g arokAlong oto Xpdévo)

Zta enopeva kepddawa Sa nieprypaget n Sradkaoia vdornoinong tou ou-
otpatog odaipag oe MAdka pe ) PoryBeta tou PID eAeykr).






Kegaiawo 3

IIeprypadpn UALKOU Kat
AOYlOH1KOU TTOU
XpnoiponouOnrav yua tnv
UAOmoinon ToOUu CUCTIHATOG

To oUOTNPA KATAOKEUAOTNKE HE TO ITAKETO POUITOTIKOV KATAOKEU®V Lego
Mindstorms NXT2.0 kat ¢va xkivntd smartphone. To npoypappa tou ovots)-
HAtog TPEXEL atoKAEoTIKA Pdvo oto smartphone pe Asttoupyikéd android. H
YA®OOW IIPOYPAPHATIONoU, TTou Xpnowonow)Onke eivat n Java. ZuyKerpipé-
va OAn 1 PUOLKT] KATtaoKeur) aroteAsitat and “touBAdaxia”, to IntelligentBrick
Katl toug Kivnmpeg g Lego Mindstorms, pa erinedn erugdavetla, pa KOK-
Kiv) ogaipa kat to kKvntd smartphone. H ermkowovia tou Kivntou pe to
IntelligentBrick Siekmepaiovetal peoe g texvoloyiag bluetooth.

To Lego Mindstorms NXT2.0 ermAéxOnke yla to pikpd KOOTOG KAl TV £U-
KoAia ouvappoldynong tou ouotpatog. To xkivntd smartphone erudéxOnke
yla va 1ripooBéoet ermrAeov atobnmpeg oto ovotnpua (OUYKeEKPIEVA TV KA-
HEPa) Kat yia va yivel 1o ovotnpa ave§dptto, adou 1) KV OUOKEUT lvat
APKETA 10XUPT) ETEEEPYAOTIKT] Povada, dote va pnyv Xpetddetatl ) XpHorn evog
UTIOAOY10TH]. AUTO €£X€1 0AV ATIOTEAEOPA TO CUOTNPA va elvat popntd.

3.1 YAwxo

3.1.1 Lego Mindstorms NXT2.0

To Lego Mindstorms eivat £va oUvVoA0 KOPPATI®V OUVAPHOAOGYNONG PORITOT
mou Tapdyet n etaipia Lego. To ouvodo autd amotedeital amd mpoypappa-

19
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mdopeva brick, ogpBo-kivnrpeg, atobnmpeg Kat diagpopa TEXVIKA Koppdata
Lego kataAAnla yia va Xtioel o xprotng S iapopa prnxavika ovotnpata (Zxn-
pa 3.1). Autd ta koppdta eivat oupBarda pe 6Aeg tig ospeg g Lego [24].

Zynpa 3.1: 'Eva avdposidsc pounot anod to oet NXT [25]

O1 o yvwoteg ekdooelg Lego Mindstorms, pe osipd mapayoyng, eivat
[24]:

e Lego Mindstorms RCX
e Lego Mindstorms NXT
e Lego Mindstorms NXT2.0

e Lego Mindstorms EV3 (Avapévetal va KUKAOQOPT|0EL T0 @OIvOTI@PO Tou
2013)

H 1o nipéogatn £xdoorn oy ayopa eivat n Lego Mindstorms NXT2.0.
Kuxlogopnoe otig 5 Auyouotou tou 2009 kat aroteldeitat artd 619 koppa-
na (Zxapa 3.2) [24]. Méoa oto ouvodo autd Ppioketal to IntelligentBrick,
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TPE1g 0EPBo-KIVIIPES KAl TE00EPELS alobnpeg (buo aiobnuipeg agrg, £vag
alobnpag uTEPNX®V Kat £vag atobnmpag geTog Kal Xpmpatog).

The Robotics Tool Set: === | i S0t s ]

AURHTER RO |
I i'-m ARTION e

SmindsTorms e

-
R >

felede 1NN

it

AU e S A S (f ‘ N @
prttaramad m "m..nmnaim _

7y E""" A 338088 w55 ’&
e 0

Zxnua 3.2: Ta woupdata tou NXT2.0 [26]

To IntelligentBrick eivat éva eu@uég edeyXOpeEvo ard tov UITOAOyloth
brick. Mropel va mpoypappatiotel oe H1agopeg YA®OOEG, O1 IO YVOOTES
eivar brickOS (C/C++), LabVIEW, 1leJOS (Java), Robotc (C), MatLAB [24].
Arotedeital artd pa aoripopauvpr) 006vn Kal 1€00gpa KOUPITA ITACHyNnong
oto pevou tou brick, ermong £xel t€ooeperg e100doug (Qupeg 1, 2, 3, 4) yua
Toug atoBnu)peg Kat tpetg e§66oug (Dupeg A, B, C) yia toug oepBo-Kiviirpeg
(Zxnpa 3.3). Zuvdéetal otov urodoylotr eite pe kadodio USB, eite pe a-
oupparn ermkoivevia bluetooth. Aettoupyei pe 6 pratapieg AA. Ta texvika
Xapaxkmmplotka tou brick Bpiokovral oto mapdaptnpa A'.

Ot ogpBo-rivTrpeg IPooPEPOUY 0To poprtdt ) Suvardmta g Kivhong.
Eriong kaBe oepBo-rivrtripag X1 evoopatopévo atobnpa rieplotpodrg. O
aloBnu)pag rieplotpodnig Hrabaletl Tig poipeg g IEPIOTPOPIIS TOU KIVNTI)PA KE
akpiBela +/— pia poipa. Me ) PoriBeia tou atobnuipa propei va pubpiotei
1 TaXUTnta ToU KIvhtpea Kat 1o rooeg poipeg Sa neprlotpagei [28].

Ot atoBnmpeg rpoopepouv 0to pourot duvatdnra avuAnyng Tou rept-
BaAAovrog yupe tou. Zuykekpipéva o atobnumpag apng avidapBavetat rote
medetal arnod Kan kat note arteAeuBepoverat. O aobnpag vrieprnxov divet
oto0 pourot ) duvatdmra va PAEMEL, va avayvepilel avukeipeva, va petpa-
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LioSpacTIKol OEPBOKIVATAPES

1. AigBnTApag aong

2. AioBnTipag fixou &N

: wﬁwan‘rr‘,pnq UnEQM YWY
3. AiloBnTNpac pwrog

Zxnua 3.3: To brick pe ovvdedepucvoug Knpes katr aodnrpsg [27]

€1 TV arootaor Kat va aviveuel Kivnon pe vigpnyovg. H ardotaon rouv
propel va petpriost givat and 0 £¢og 255 ekatootd pe axkpiBela +/— tpia
erarootd. Télog 0 aobnuipag YOS Kal XpOPATog IIPOOPEPEL EITIONG KA-
rowa pop@r opaong oro popriot. O atobnujpag POTOg Kal XpoPatog £XEet
) duvatromnra va aviyveuvel 6 drapopstikd Xpopara, va aviidapBaverat my
£VIaOoTn) TOU @OTOG 0TO X®PO, TV £VIAoT] KATTO10U XP@HATOG 08 P11d ETNPAVELd.
ErumA¢ov Aettoupyel kat oav Adapria pe 3 Siapopstikd xpopara [28].

3.1.2 Android Smartphone

To mpoto kivntd smartphone pe Aettoupyikd Android fjrav to HTC Dream
Kal KUKAOQOPTOE yia rpotn @opd otig 22 Oxtwbpiou tou 2008. Zuig péEpeg
nag, ta xkivnra Android €xouv @raocet oe pubnod nmwAnosov 1.3 exatoppupiev
OUOKEU®V TNV NEEpa Kat ouvodika 500 ekaroppupla £VEPYOITOUNUEVES OU-
OKEUEG 0 0A0 Tov KOopo [29]. O Adyog 1ou exmpidel To Kivntd Android eivat
1o e181ka oxedraopévo Aettoupyiko Android rmou prtopei va urtootnpixet ano
Hl1agopeg KIVNTEG OUOKEUES TTOU TANPOUV TI§ Tpodlaypadeg oe ouvduaopo pe
Ha mMnbopa XapaKploTiK®VY ITOU araltouvial yia my IMANPr eKPetdAAsu-
on TV Suvatotit®V IOU IPOOPEPEL TO OUYKEKPIPIEVO Ae1toupylko. Mepika
aro ta XapaKmplotika tev Kivnteov Android (6rieg kat dAAev smartphones)
elvat ta €&rg [30, 31]:
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ApKeTA Yprjyopol KAl PiKpol ernegepyaoteg

o Eootepikr] Kal e§OTEPIKT (EMEKTAOLAN) PV
e OB06vn moAdarAng agpng

e IToAuene€epyaoia (Multitasking)

e Camera

e Zuvdeoypodunta, WiFi kat Bluetooth

e Kal aobnmpeg omog Ynorakn nugida, GPS, smtayuvolopetpo, yu-
POOKOITO, Bapopetpo, payvnopetpo, Seppopetpo, alobnpag rieong
KTA..

Ta teXVIKA XApaKploTikA g KIVNTHS CUOKEUNG ITOU X PNOoIortot)Onke
otnv gpyaoia Ppiokovtal oto apdpnpa E'.

3.2 Aoylopiko

H yAdooa nipoypappatiopou mou Xpnotpornow)Onke eivat n Java, pe fiéAto-
91 keg tou Android SDK kat tou OpenCV, xkat ot evtodég Direct commands
tou NXT. To mepiBaddov avdruing, orou uvlorouw)fnKe 10 mPoOypappd tou
ovotfpatog, eivat to Eclipse.

3.2.1 Astrtoupyko cuotnpa Android

To Android eivat éva Aettoupyikd cUoTNA Yia OUOKEUEG KIVITHG ThAsdpoviag,
10 ortoio TPEXEL Tov TTuprjva Linux. Apxikd avartuxbnke aro v Android,
Inc. mou Xpnpatodotbnke kat apyodtepa, to 2005, e€ayopdotnke ard v
Google. H mipotn ntapovoiaorn g rmdardpoéppag Android eywve oug 5 NoepBpi-
ou 2007, napdAAnAa pe v avakoiveoorn g idpuong tou opyaviopou Open
Handset Alliance, piag kowvorpagiag 48 tNAETUKOWVOVIAKOV £TAIPIOV, £TAL-
PLOV avartuéng Aoylopikou kabog kat kataokeung hardware, ot oroieg eivat
aPlEPOPEVEG 0TV AVAITIUdh Kat £§€AEH avolTt®Vv IPOTUII®OV OTI§ OUOKEUEG Ki-
vng tnisdpoviag. H avarmuén tou Asttoupyikou ouveyiotmke arto v Google
xat tov opyaviopd Open Handset Alliance pe tnv KukAogopia apKEIOV K-
dooemv tou Aettoupyikou. Zro mivaka 3.1 rapouotdoviatl ot ek8O0EIg KAt ot
Npepopnvieg KukAodopiag toug Kat oto oxHpa 3.4 ewkovidoviat to Aoyoturto
TOU A£1TOUPYIKOU Kat Ta Aoyoturia tev ekdooenv. 'a tg kodikeg ovopaoieg,
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API level | ‘Exdoon | Kwbikn ovopaoia ‘ Hpep/via Kuxdogopiag
1 1.0 alpha 23 ZermepBpiou 2008
2 1.1 beta 9 ®deBpouapiou 2009
3 1.5 Cupcake 30 ArpiAdiou 2009
ks 1.6 Donut 15 ZerttepBpiov 2009
5, 6,7 2.0-2.1 Eclair 26 OxktwBpiouv 2009
8 2.2-2.2.3 Froyo 20 Maiou 2010
9, 10 2.3-2.8.7 Gingerbread 6 AexepBpiou 2010
11,12, 13 | 3.0-3.2 Honeycomb 22 Pebpouapiov 2011
14, 15 4.0 -4.0.4 | Ice Cream Sandwich 19 OxtwBpiou 2011
16, 17 4.1-4.2 Jelly Beam 27 Touviou 2012
18 b.D Key Lime Pie Avapévetal va KUKAOQOop1oet
Hivaxag 3.1: Exboozig tou Asttovpyucot Android [33]
.l "
/0 |l and=x0D
___i__ ’ AN oy ;.'_\_'{__-.:__. )|
\{11 \=
' o G "
Cupeake Donut Eclair Froyo singerbread
Android 1.5 Android 1.6 Android 2.0/2.1 Android 2.2 Android 2.3
= & )
5= 9
_ g -
Honeycomb  Ice Cream Sandwich Jelly Bean What Next?
Android 4.1

Android 3.0

Android 4.0

Zxripa 3.4: To Aoyoruno tov Asttovpyucov Android kai 1oV ekd0oswv tou [34]

1 arml®g ovopara v ekdooemv, ermAgxOnkav ovopata dra@dpev YAUKGV og
aApaBnuxkr] akoAoubia [29, 32].
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To Asttoupykd Android eivat avorxtou kodika Aoylopikd Snpooteupé-
vo umtd v adeta Apache. To Aettoupyiko autd £XEl TPOCEAKUOEL TIOAAOUG
developers ot oroiot avarttuéave rave ard 700.000 epappoyeg (apps - ap-
plications) yia Android, o Adyog eivatl nj eukoAia avartuéng g £Ppappoyns
(Xpnowporoteitat kKuping 1 yAdooa rnpoypappatiopou Java) kat 1 duvato-
T EKTEAEONG TG EPAPHOYHS O TTANOMPA S1APOPETIKOV CUOKEUGOV KIVITHG
mAspoviag, pe Sapopetkd TEXVIKA XAPAKTNPLOTIKA Katl S1adopetkoug Ka-
TAOKEUAOTEG TNG OUOKEUNG, apkel va Tpexet Aettoupyko Android [29]. Zug
HEPES Pag to Asttoupyikd Android €xet etukpatrjoet Kat propet va Ppedet ma
OXl POVO 0g OUOKEUEG KIvNG Aepoviag aAdd Kal 08 PopItoug UToAoYL-
oteg (tablets kat netbooks), aképa kat oe H1APopeg OUOKEVEG OTTIOG POAOYLA,
puyeia, TALopdoels, PETOYPAPIKEG PNXAVES KTA.

3.2.2 Avantugn spappoyng yra to Asttoupyiko Android

H avartuén g ipetng epappoyng Android Eexkivdet pe tv eyKataotaor) 1ov
epyaleiav, Orou ta onpavukotepa etvat:

e Java Developer Kit (JDK)

e IlepBaAdov avdrmudng: propet va eival évag ardog Kepevoypagog,
onwg to Notepad, 1) éva rAr)peg riepBadAov avarttuéng éreg to Eclipse.

e Android software development kit (SDK): oupriepidap8avet éva ouvoldo
epyaleiov omiog P1BA0bnKeg, tekpnpioon, deiypata kodika, debugger,
tutorials, emulator.

Agou eykataoctabouv ta anapaitnta epyaleia priopei va apyioet n ava-
rttuén) g epappoyhg. H yAoooa mipoypappatiopou eivat n Java padi pe ug
B1B8A1061keg Android tou Trapexetl 1o Android SDK.

‘Eva onpavukoé epyaleio rou mapexet to SDK eivat ta emulators. Ta
emulators Sivouv v duvatotnta Snpoupyilag EIKOVIKOV KIVITOV GUOKEUDV
(pooopoinon Asttoupyiag oe avtiotoleg OUOKEUEG) £101 dote o developer va
propel va tpE€et v eQapPoyr] X®PI§ va €ival UTOXPEOPREVOS va £XEL KATTOd
ouokevur] Android, aAAd kat va det oG Asettoupyel 1 EQAPPOYY] TOU Of OU-
OKEUEG HLaPopeTKOV H1a0TAoE®V KAl Pe S1apopeTKEG AvaAUoelg KAl avaio-
yieg 086vng. Ilapddetypa npooopoinong pla Kvnthg ouokeung pe Android
4.1 @aivetat oto oxnpa 3.5.

Teédog o mpoypappatiotyg propet va dnpootevost v £pappoyn] ToU Oto
Google Play ar6 orou propel va to kKateBaost Kat va 10 EYKATAOTOEL OTr)
OoUOoKeUr) TOoU ortotoodrrote Xprjotng Android.
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WIDGETS

APl Demos H Calculator Calendar

m O # &

Camera Custom Dev Tools

Locale
Downloads Email Gestures

Builder
. v ]

Messaging Music People FPhone

Settings Speech Widget
Recorder Preview

Zxnua 3.5: Ewovikr) ovokeun pe Android 4. 1

3.2.3 B16A1001xn OpenCV

H OpenCV (Open Source Computer Vision Library) eivar pa BiBAio6rxkn
OUVAPTI0E@V HE KUPLO OTOXO TNV EMESEPYAOia PIVIEO MPAYRATIKOU XPOVou.
Avarttuxbnke artd myv Intel kat poogepetatl Sowpedv g eAevBepo Aoylopiko
[35]. H B1BA10B1Kkn £xet meptooodtepo artd 2500 BeAtiotoroumnpévoug alyopio-
poug, otoug ortoioug reptdapBavetal pia oAokAnpepév) os1pd adyopibpev
TEXVITNG 0paong Kat ekpabnong pnxavev. O1 adlyopiBpotl autoi propouv va
XpnowportomnBouv yia [36]:

e Aviyveuorn Kal avayveplorn Ipooeroy
e [Tpoobloplondg avukelpevey
e Ta&ivopnon avBpormvev evepyelov oe Bivieo

e [TapaxkolouBnor KIvOUPEVEOV AVIIKETPREVOV
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o Avadijmon mapopoieV E1IKOVEV 0L Pid BAot) E1KOVV
o AQaipeon KOKKIVOV PATIOV Artd QRToOypadieg KA.

H B1BA10Onkn apyika nrav ypappévn oe yAdwooa C kat eixe draouvbioeig
Re yAoooeg ontwg C#, Python, Ruby kat Java. Apyotepa ypapinke o yAmo-
oa C++, ardouotevoviag T ypappeg Kadika (6éopevon Xopou KTA.), adda
£ylve mo HUoKoAn otnv rapoxn dwaouvdeoswv oe addeg ydwooeg. Tedeutaia
AvArttuooETal Pe yopyous pubpoug n rdfpng daouvdeon tng f18A106nkng pe
Tg kapteg ypadpaov CUDA[36].

H B16A08nkn mpoopeipet Sraouvbeorn oe Android (OpenCV4Android) n
ortoia Sa xpnowporiowm el yla eviormopo g ogaipag rdave oty ermnedn e-
rmagavea.

3.2.4 Lego Mindstorms Direct Commands

To NXT brick va propet va dextel eviodég ard ouoKevEG 0uvOeSEPEVES, PEOD
bluetooth, padi tou. Ot eviodég autég Aéyovrat Direct commands katl epun-
vevovtat ard 1o NXT brick oe ouykekpijagveg evepYELES XOPIG TNV arnaitnon
va IpEXEl KArolog kKodikag oe autd. Me 11g £VvioAég auteg eival ePikto 1o
POMITOT Va €AEYXETAL ATTO KATTIOLA (POPITL] OUCKEUD] OIKG £Va KIVITO TNALPH-
vo. Ot evioAeg £xouv 11 popdr] adAndouxiag byte rou Sa otadovv peow tou
bluetooth oto brick aré to oroio Sa ermorpéwet Kat ) KAtdAAnAn andavinorn
rtaAl oe pop@r) aAAndouyiag byte. To ouvoldo tev eviodev Direct commands
ovopdadetal mpe@tokoAAo erukoveviag tou Mindstorms NXT [37].

Mrjkog, LSB Mrikog, MSB | TOmog evtohng Evtodn Byte 5 Byte 6

Zynpa 3.6: 'cvucn) apyiteKtoviky] tou npetokodAov snkotvaviag

Zto oxnpa 3.6 rmapouolddetal 1) YEVIKI] apX1TEKTOVIKI] TOU ITPOTOKOAAOU
emkoweviag. Ta nmpota 6vo byte dnAovouv 1o prkog mg eviodng. To tpito
byte 6nAwmvel Tov TUTO TG £vioAr)g. To tétapto byte dnAdvet tnv evrodrn) kat ta
urtodotrta byte eivat ta otoixeia mg evioAng. To kKaGBe maketo evioAng propet
va £Xe1 priKog pexpt 64 byte xopig va reptdapBavovrat oe autda ta Vo npota
byte.

‘Eva ard6 napaderypa [38], eviodny va mnaidel évav tovo fxou (Xepig ta
byte prikoug):

Byte 0: 0x00

Byte 1: 0x03

Byte 2 - 3: Frequency for the tone, 200 - 14000 Hz
Byte 3 - 5: Duration of the tone, ms
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o11I0U 010 TIP®TO byte SnA®vetal o TUIOG TG EVIOANG KAl OUYKEKPIPEVA TO
0200 onpatvel 6 eivat anapaiut n artavinon tou brick. Zto devtepo byte
otéAvetal 0 Kodkog g eviodng, to 0203 yia va rai§et €va tovo. Zta byte 2
- b dnA®vovtal n ouyxvotnta kat n Sidpkela wou Hyou. H amdvinon anod
OUYKEKPIHIEVT] £VTIOAT] £ival 1] APAKATE

Byte 0: 0x02
Byte 1: 0x03
Byte 2: Status Byte

To rpato byte eivat o tumog g evtoArg 6rtou to 0202 onpaivet ermotpedpopevo
Hfvupa, to deutepo byte dndovel tov KOH1KO G EVIOANG yia v ortoia 1)pbe
N anavinon Kat 1o tpito byte mapouvotadet v KAtAotaon g £VIOANG, av
EKTEAEOTNKE ETMITUX®G 1] TO opdApa 1mou rpoekuyes. Me 1o 1610 orenmuko
IIPAYHATOIIOUVIAL Kat ot urtddotreg eviodég. H mapouvoiaon kat e§nynon
TV eVIOA®V rapouotadetal ota eyxepidia g Lego [37, 38].

3.2.5 Eclipse Editor

To Eclipse eivat éva riep1B8aiAov avamtuing AoylopikoU oe TToAAEG YAOOOEG
TIPOYPAPPATIONOU Katl TIEpIAaBavel éva odokAnpepevo niept8aAiov avaru-
&ng (integrated development environment - IDE) kat eivat eUKoAa emeKTAol-
po pe plugin. Eivat ypappévo kupieg oe Java. Yrootnpidet peyddo ouvoldo
vAooowv onwg Java, C, C++, Fortran, Perl, PHP, Python, Ruby, Android
[39]. To mepBdArov avarttuéng padi pe o ADT plugin (Android Developer
Tools) eivat oAU Xpriowpa epyaleia avarntuing Android epappoyov. Zuyke-
kppéva o ADT plugin ripoogepet [40]:

e EuxoAn dnpoupyia projects

e ATI00QUAPAT®OT EPAPPOY®V

e ESayoyr .apk apxeiov

e Tevikd ypriyopn avartuén epappoyov

Tédog xpnowonow)Bnkav ertiong ot epappoyeg: Photoshop, Kile, LEGO
Digital Design 4.3, draw.io (http://www.diagram.ly/).


http://www.diagram.ly/

Kepalawo 4

YAomnoinon tou cuotpatog
odaipag oc MAdKa

4.1 Kataokeur) TOU CUCTHHATOS

H vlormoinon tou ouotfpatog SeKva e ) oXedlaon g KATAOKEUAG KAl )
ouvappoAoynor mg. 'a v kataokevur) tou ouotpatog avaAubnkav Stapo-
pa cAoxAnpopéva ouotpata opaipag o MAAKa pe H1apopettkoug TpOroug
KATAOKEUNG, ot 1o Sradedopévor Tporotl KAtaoKevung @aivovial ota Iapd-
Kave oxApata Zxnpa 4.1, ZxApa 4.2). Me yvopova 10 TIEPIOPIOPREVO Kal
OUYKEKPIIEVO OUVOAO KOPPATiov Lego ernAeXOnKe o TpOIog KATAOKEULG TOU
oxnpartog 4.2.

Ta onpavukdtepa onpeia g KATAOKEUNG etvat:

H eminedn emgavela (mAdxka) kat n ompdr) .

e Ot U0 xnIpeg, 1 0PI TOUG KAl 1] 0UVOEDT| TOUG e TNV ertimedn
ermpaveta.

H otmpi&n tou xkvntou.

e H otaBepdiunta g KATaoKeurg.

29
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Kivnrpag

I

Zytipa 4.1: Karaoksur tou ovotjua- Zytpa 4.2: Kataokeur tou ouotjua-
to¢ ue miaiowa [15] to¢ ue afoveg [18]

TotroBereital pia eTriTredn
ETIPAVEIL DIACTATEWY
13 x 13 ¢k.

Zynua 4.3: TeAucr) pop@r e Kataokeung



4.1. Kataokeut toU oUoTiUatog 31

Ot anattfioetg g KATAOKEUNG avaAuovial otd MAPAKATE ©

e H eminedn smugdvela mpéret va €xel otabepd onpeio otrpi§ng oto Kev-
TPO NG KAl va OUVOEETAL PIE TOUG KIVNTPEG HE TETO0 TPOIT0 ®OTE Td
onpeia ouveong 0e 0XEOT e TO KEVIPO va oXnpati¢ouv opbn yovia. Ot
OUVOECELG OTOUG KIVI|TI|PEG KAl OTO KEVTPO TIPETTEL va lvatl pe TETo10 Tpo-
0 OOTE va S1EUKOAUVOUV TV opaAr] adAayr) yeviag g rmAdkag mpog
0Aeg TG TMAEUPEG, TouAdylotov katd 10 poipeg.

e O1 rivnpeg mpeéretl va ouvdebouv otabepd Kal pe v MEPIOTPOPIKY)
Kivnon toug va meplotpépouv v maka. Ot dfoveg mePoTpodrg tOV
KLV POV TIPETTEL VA £lval KABETO1 PETASU TOUG.

e To xKNTO TIpémet va Ppioketal mave and v erinedn emeavela, oe
opt¢ovtia 9Eor), Pe TV KAPEPA TOU KIVITOU Va KOTTAEL ITIPOG TNV ETHIEd
EMPAVELD KAl OF TETO0 UYPOG DOTE 1] KAPEPA TOU Kvntou va “BAénet”
OAn Vv erugaveia.

e TéA0G OAn 1 KATAOKEUT| TIPETIEL VA 100PPOTIEL KAl va £Xel otaBepotnta
Katd ) dlaprela Ae1toupyilag 1oV KIvitpey.

AapBavovtag urdyn ta KUpla onpeia pe TG amnattjoelg t1oug Kat petd
aro APKETOUG TEIPAPATIONOUS I KATAOKEUY KATEANSE oty TeAKn] popdn
mg (ZxNna 4.3). Anotedeitatl and 309 koppdta g Lego Mindstorms, pwa
ertinedn ermgavela (13x13 ek.) kat éva kvntd. Ot 0dnyieg ouvappoAoynong
¢ KATAOKEUNG SnpoupynOnkav pe to ripdypappa Lego Digital Design 4.3
Kat Bpiokovtal oto tapdptnpa A
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4.2 IIpoypappatiopog TOU CUCTHHATOG

IMa va Aettoupyrjoet to ouotnpa Hrav anapatut) n ouyypadr kodka. O KO-
dikag eival e€odoxkAnpou ypappévog oe Java, Android fiB8Aobrikeg, OpenCV
B1B8A06nkeg kat Lego Direct Commands (ta omoia otnv oucia eivat adAn-
Aouyieg pe bytes), £€xet ) popdn) plag epappoyns (app) Android kat exte-
Aeitat amoxkAsetloukda oty kv ouokeur). To NXT brick, dsv xpetddetat va
EKTEAEOEL KATTO0 KOOIKA, OUVENKOG 0UTe va Ipoypappatotet, yati ta Direct
Commands epprnvevovtat arteubeiag ard to Firmware tou NXT brick.

Ta Bripata tou alyopiBpou g epapPoyhg ouvorukda eivat ta e€ng (Exn-
pa 4.4):

1. Exxkivnon g epappoyrg, evrorttopog tou NXT brick kat edpaiwon e-
mKowveViag pe autd.

2. Exxivnon wmg Kapepag Kat to@v adyopibpev eviormopou g odaipag
(B1BA10811KEG OpenCV).

3. Evrortopog g opaipag kat ouykpton g 9€ong g pe v ermbupnm
9¢on. Av eivat oy etubupn 9éon, 1o Pripa enavadlapBavetatr pExpt
n opaipa va @uyet and v erubupmnt Séon.

4. E@ooov dev eivat oty ermbupnty) S<on n odaipa, yivetat urtoAoylopog
pe v BorBeta tou PID eleyKir) 1oV YOVIOV ITOU TMPETEL VA TTEPLOTPA-
(OUV 01 KIVITPEG.

5. AnootédAetat 1 eviodr) oto NXT brick yla meplotpodr) 1@V Kivitipev
Kat o adyopiBpog ermotpedet oto Prpa 3.

4.2.1 H dopn puag epappoyng Android

[Tpotou meptypagel n avdarmuén 10U KOSKA G EPAPPOYNS, TIPETEL VA ETTE-
EnNyndet kat va meprypaget n dopr| pag epappoyng Android.

Ot epappoyeg Android eivat ypappéveg oe yAOOOd ITPOYPAATIONOU
Java xkat BiBAobnkeg rou Ppiokovtat oto Android SDK. O ninyaiog koddikag,
padl pe 6Aa ta dedopéva kat ta apxela pag epappoyng petaydottidoviat a-
6 to avriotorXo epyaAeio tou Android SDK pe 1eAiko6 1ipoiov éva apxeio pe
katdAnén .apk (android package). To apxeio autd propei va eykataotadet
OE OUOKEUEG 1€ Aettoupyko Android.

KdaBe epappoyr) Android anaptidetal amod £va 1] meplocdtepa GOKA OTo1-
xeta. Ta dopwkd auvtd croyeia xeopidovrat oe teooepa £idn, avaloya pe to
oKOTIO Kat To KUKAo {®rg toug. Ta téooepa £idn eivar ta e§ng [41]:
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Eynpa 4.4: Zuvontkdg ajyopidpog e eQapuoyns ya to ovotnua ogaipag o ildaka
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Activities:

Ka6e activity (6paotpiotnta) avurpooenevet pua 086vn (1) mapdbupo)
pe ) denagr) tou Xprjot. Ta otokeia yia ) Seragr ouvrBeg ta
tpaBast and kanow apyxeio xml pe ) ouvapnon setContentView().
[Mapddetypa, pla epappoyn avayveong EVIHEPOTIKOV apbpev (01eg To
Google Reader) £xet éva activity pe toug tithoug tov apbpev os pia Aiota
Kat éva dAAo activity mou epgavidet 0AOKANPo Eva oUyKEKPLIEVO apbpo
yla avayveor. To activity eivat to rmo Kotve ouotatiké Kal ouvavidate
oxedov oe OAEG TG EPAPHOYES.

Services:
‘Eva service (urnnpeoia) eivat 1o KOppPAt 10U KOSKA ITOU TPEXEL OTO
apaoknvio Kat dev €xet karnowa dernagr) pe 1o Xprotw. [Hapddeypa,
éva service propetl va raidel povolkn 1 va katebaletr dedopéva ano to
dladiktuo xwpig va addnderudpdet pe 1o Xprjot).

Content providers:
'Evag content provider (ridpoxog mepiexopévou) Siaxeipidetar €va
ouvodo dedopévav g epappoyng. IMapexer ) duvardunra va xpn-
otportoinBouv debopéva anod ddAeg epappoyeg 1 va dapolpactouy ta
dedopéva otig ddAeg epappoyEg.

Broadcast receivers:
O broadcast receiver (6¢kg ekmopnev-petadooemv) eivat 1o Hopko
otolxeio mou avtarokpivetat otg £180IO0Elg TOU CUOTHATOS OIS
napadelypa Xapnirn otabun pratapiag.

IMa va priopéoet 10 oUOTNPA VA EEKIVI0EL KATIO0 OUOTATIKO NG EPAPO-
YS Tperet va ermbebatebel 6t undpyxetl avtd to ouotatiko “drabadovrag” to
apxeto manifest (AndroidManifest.xml) tng epappoyng. Katd ouvénela 6Aa
ta dopkd otokeia g epappoyng npenet va dndevoviatl oto apxeio mani-
fest, 1o oroio mpoodiopider eriong ta Sikatdpata, to eAdyxoto API level, ug
B1B8A106nkeg API (r.x. Google Maps library) mg epappoyng k.a [41].

[Tpémet va onpewbei 6t 0 KUKAOG {wng kKabe Sopkou otoyeiou cuvo-
devete amd KATIOEG OUYKERPIEVEG NeBOdoUg drwg paivetatl rmapddetypa oto
oxnpa 4.5 nmou naptotdvetl 1o KUKAO {®1)g evog activity.

TEAOG, 0 TIPOYPAPPATIONOS Pag PAPPOYNS SEKVAEL pe v dnuoupyia
€vog project, to oroio pe Atya Adyla eivatl éva ouvodo apxeiev g epappo-
yhs Exfpa 4.6). Zto eclipse to project dnuioupyeitat toAv euxkoAa pe to File
— New — Android Application Project rou rmapdyet karnowa apXtkorompeva
apxela oneg to apxeio manifest, éva apyeio xml yua ) Sidradn tou ypapikov
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‘EvapEn Tou
activity

¥

0 xphotng petapaivee ———>| ONCreate()
oTo activity J,

onStart() e onRestart() I,_

onResume() j&——

v

To activity
TREYEL

TepUaTIOHOG
dladikaclag

O XpNoTNG ETMOTREDEL

3 oTo activity

Adho activity epxeTal
OTO TIPOOKNVLD

v

O xphotng
‘ anﬁuse(] J—/ HETUPRalvel oTo activity

To activity Bev
elvalma opato

v

s I onStop() jl 4

To activity Teppatifetaln
KaTOOTPEGETAL QTID TO OUOTN A

v

| onDestroy() I

h

Te puaTIoNoS

Tou activity

Figure 4.5: Kuxjlog {o1¢ cvog activity pag sgpappoyric [41]
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riepBaAAovrog Xprotn tou apxikou activity, kat éva apyeio Java pe vdoron-
pévn m pebodo onCreate() 6rou kalei pe ) pe ) pebodo setContentView()
m Hidtadn tou ypapikou repiBaldoviog Xprjotr). AUTO 10 apXIKOITOUNHEVO
project ouvr)Bwg Iapayet pla epappoyrn n ortoia otav tpeet Sa epgavioet To
xAaoko keipevo “Hello world”.

project
| I . 7 F 5 A
| Ar_'ldrold Apyelo o onolo npoadiopidet Ta dikalwuara, Ta douiKkd oTolYEla,
| Manifestxml| ¢ gi8M1061ikec kat dAda overarixd e s@apuoyIic
s ]
N src KardAoyog ue ra apyela java rou mmyyaiov k&dika
L Main.java |
T
— res
—
‘—»{ drawable Karadoyoc rou MEQIEXEL TIC EIKOVES TNC EQADLOYIC
I
- layout KardAoyoc ue apyeia xm! rov npoadiopi{ouv T Sidra&n Tou
vpapikou nEpiBdAlovrog xpriotn

=

C— KardAoyog ue apyeia xml rov nooodiopl{ouv KArolEs
|  values HETAPANTES Onwe SiaoTdoeis, yAdooa k.d. avdAoya
ouakeul} (TLy. dimens.xmi, strings.xml, styles.xmi)

Zynua 4.6: O1onuavukdiepor katdajoyor kai apyeta evog Android project

4.2.2 Kafiépwon emkoivoviag tou NXT pe to xivnto An-
droid

To MPOTO CNPAVTIKO PEPOG NG EPAPHOYNAG EIval 1] EMMITEVEN G EITIKOVOVIAG
avapeoa ot Kivi] ovokeur) kat oto NXT brick. 'Etot petd ) dnpoupyia tou
project, ypaginke Kod1Kag yla v EIMKOVGOVia g 0UoKeurg e 1o brick. Ta
Aoyoug arthovoteuong g epappovng, rmpape og dedopévo ot 1o bluetooth
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Kkal ong 8U0 OUOKEVEG £ival evepyoroinpévo Kat £xel rmponynOei to pairing!
TOV OUOKEU®V.
'Etot nébobdog yia tov evrornopod tou brick eivat [41, 42]:

1 || public woid findRobot () {
2 try|
1
5
6
7 !
9
10 Ell
11 while
12 Bluetoo
1.3 if (bd.getName|().equalsIgnoreCase ("NXT")) |
14 connectToRobot (bd) ;
15 return;
16 F
17 }
18 }catch
19 Log.e|(TAG,"Failed in findRobot () [" + e.getMessage() +"]");
20 }
21 }

ortou KataAnyet otg ypappeg 11-17 va avadnrda to brick (pe to ovopa NXT)
AVAPEOd OTIS OUOKEUEG 0 (EUST) A€ T OUOKEUT) TTOU TPEXEL TNV EPAPHOYT], Kal
agov 1o evrortioel Kadei ) peBodo connectToRobot(), i oroia vAoroieital mg
edng (41, 42]:

1 || private void connectToRobot (BluetoothDevice bd) {
4 8000-00805F9B34FE")
5
6
4 Connected!", Toast,LENGTH_LONG) .show();
9 bot () [" + e.getMessage() + "]");
10 }
13 }

Kat 1 Aettoupyia wg eivar ) dnpiovpyia, oug ypappég 3 pe 5, evog socket
(urtodoyng) yia va ermreuyBel 1) EMmMKoOIVOVIA PE TV artOPaKPUOPEVT] OUOKEUT)
(mpwtéxkoAdo erukowvaviag RFCOMM - Radio frequency communication [43])
Kai 1) aitnon) ouvéeong, ypapun 6, g ouokeung. Avaloya propei va ypagret
Kat n pebodog Hraxkor)g g ermKoveviag.

IMa va SwarmoteBel 1 erutuyng oUvEeon NG CUOKEUTNS TTPETIEL TIPMOTA Va
KaraxopnBouv ta oxeuka yeyovota (events), £tol1 @ote Otav IPOKUPOUV va
eival mapawmpnopa. H 6rAeon tev yeyovotov autov TeAdika torobembnke
ot pEBodo onStart() tou activity padi pe ) kAnon mg pebédou findRobot

'Otav ouvBéetal yia npédn @opd pia ouokeun oe pia AdAn, péce bluetooth, yiverat
aviaddayn rAnpogopiody Sievbuvong Kal pEpIKES Qopég Kal aviaddayr) kedikov npooBaong
(Ma to NXT brick ouvnfeg sivar to 0000 1 1234). Autr n Swabikaoia sival yvoorr og {euin
(pairing) 1ov 600 CUOKEUGV.
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rou Sa &exwnoet ) Sradikaoia poAig avoidel 1o apdabupo mou TMEPIEXEL TIG
pebodoug auvteg:

1 / set filter for receiver, for detect when connect

3 || registerReceliver (mR ] :

4 new IntentFilter ("androi = th.device.a n.ACL_CONNECTED")

] =4 '| .

) r

6 || registerReceiver (mReceiver,

7 new IntentFilter("android.bluetooth.device.action.ACL DISCONNECTED")
8 )i

9 || findRobot () ;

Tedog eivar artapaitnm n dnpuoupyia evog BroadcastReceiver rou Sa
61abadel Ta pnvupata Tou oUOTIPATog OXETIKA HE TNV EIMTUXY 1] 0X1 ouvdeon
MG Aropaxkpuopévng ouokeung pe bluetooth xatr a kalei myv avriotoixn
nebobdo:

1 || private final BroadcastReceiver mReceiver = new BroadcastReceiver {
2 @override
d rri

3 public wvoid or intent) {
4 if (intent.

5 ED")) |
6

8

9
10
11 }

12 }
13 1| ¥;

[ToAU onpaviko eival va dndebouv kat ta Hikaiwpata xpriong tou blue-
tooth oto apyeio manifest, aldiog ev Ha eivar Suvarr i xprjon tou bluetooth
arod v £Qappoyr):

<uses-permission android:name="andr

1
2 || suses-permission android:name="andr:

4.2.3 Direct Commands yia emikowvevia pe to NXT brick

H srukowevia mg Kivnig ouvokeung pe 1o brick yivetar pe eviodég Direct
commands, ot ortoieg eival oe poppr] addndouxiag byte. Zuvernodg ot evioAég
autég erperne va avuotolxnbouv oe katdAAndeg otabepeg KAl OUVAPTIOELS.
IMa apaderypa pepikeg otabepég eival ot APAKAT® :

1 3
2 of I =1 g .

3 ||public static byte [DIE MAND_REPLY = (byte) 0x00;

4 || public static byte DIE | MAND NOREPLY = (byte) 0x80;
5 || public statiec byte REPLY_COMMAND = (byte) 0x02;

auteg padi pe ug vrovdotreg otabepeg Ppiokovrat oto tedko apyeio NXTPro-
tocol.java tng epappoyng (Tapapmpa B).

['a va artootalel ) evioAn xpetadetatl va oxnpatotei 1 katdAAnAn adin-
Aouyia kat va artootadei. I'a 1§ aAAndouyieg t@v bytes kataokevaotnkav
ouvapoetg, Oneg 1) e§AG:
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1 || publiec void setCutputState{int port, byte power, int mode,
2 int regulationMode, int turnRatio, int runsState, int tacholLimit) |
3 byte[] =

4 DIRECT_COMMAND NOREPLY,

o SET_OUTPUT_STATE,

(3 (byte) port,

T power,

g (byte) mode,

9 (byte) regulationMode,

10 (byte)

11 (byte)

12 (byte)

13 (byte) >>> B),

14 (byte) >>> 16),
15 (byte) (tacheLimit >>> 24)
16 }i
1 sendData (request) ;

18 || }

n oroia otV ouoia @udaxvel pia £viodn oe popdr Direct command yia v
TMEPIOTPOPT) KWVITNPA KAl KAAei v ouvAaptnon yila arootoAr), g EVIOANS
rou ouvBeoe, oto brick. Zn ypappn 4 @aivetal neg, £ival pia £vioAr] 1mou
dev 9¢Aer anavinon amnod to brick. Zin ypappr) 5 eival o Kad1kog evioAng (oto
OUYKEKPIHEVO Y1 ATTOOTOAT YOVIOV MEPIOTPOPLG OTOUG KIVI|THPES), KAl ATT0
) ypappr 6 Kat petd eival ta otoiXeia meplotpodr)g, Oreg rmoiog Kvnpas,
pe moon Suvapn kat ya noon wpa Sa meprotpagel. Avdloya priopouv va
KATAOKEUAOTOUV Kat ot urtddouteg eviodeg. Ot eviodeg autég artattouv Ki
OUVAPTI0EIS ATTOOTOATG TOUG OTI] OUOKEUL], Kl £TI01 £XOUHE T OUVAPTNOT):

1 || public byte[] sendData(byte|] request) |
2 int 1sb = request.length;
3 int msb = request.length >>> 8;
4 byte verify[] = null;
[
6 try |
T Thread.sleep(30);
8 os.write( (byte) 1lsb);
9 write( (byte) msb);
10 os.write (request);
11 } catch (IOE: {
12 Log.e("send = y el
13 throw new Runtime
14 } catch (Interrupted }
15
16 if (request [0] == DIRECT COMMAND REPLY) {
17 byte[] reply = readDatal);
18 verify = reply;
19 }
20
21 return verify;
22 ||}

o10U, agou urtodoylotouv ta uo byte prikoug adAndouyiag (ypappeég 2, 3),
yivetal n arootoAr] 6Ang mg evroArng/aAAndouyiag oto brick, pe 1 PoriBeia
Tou prxaviopou esatpéoenv try /catch xat tou OutputStream, pa kA don g
Java urievBuvn yia uv arootodn pong dedopévev oe popdr) aldndouxiag pe
bytes, ypappég 8-10, oe karowov arnodéxn (otyv nepirmwor) pag eivat to
brick). EmrA¢ov otig ypappég 16-19, av i evioAr) mepp€vel aravinorn otnv
evtoAn rou arotadbnke, kadel ) ouvapon readData() rov eivat vAortot-
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nRévn pe tapopoa pe to sendData(), omou avri yia OutputStream xpnoo-
roteitat 1o InputStream kat S1abadet v aAAndovyia pe bytes rou Aapbavet.
Ot mapartave ouvaptnoeig fpiokovial oto 1eAiko apxeio NXTCommands.java
mg epappoyng (Hapdpwpa B). 'Enetta to apyxeio Motor.java £xet vdoron-
PEVEG KATTOEG OUVAPTIOELG TTOU ATAOITIO0UYV 1) Hladikaoia Xpnotponotoviag
ouvaptnoelg anod to nponyoupevo apyxeio. 'Etot mapdyoviatl ouvaptrjoeg 0-
g setSpeed(), getSpeed(), rotateTo() ktA., o1 omoieg Sa XpnotporownBouv
HEEMELTA OtV £QUPPOVT] KAl adopouv KUPIeG TG EVIOALG TTEPLOTPOPTIS TOV
KWV T PGV.

IMpémel va onpeiobel 6T1 01 oUvApPTHOoElg TIOU Ppiokovial ota apXeia
NXTProtocol.java, NXTCommands.java, OutputState.java, Motor.java €i-
vat Baotopéveg xkuping oto API tou LeJOS?, naipvovtag og mapadetypa v
epappoyr) MINDdroid, mou vAomowibnke ard v opdda g Lego. Eivar
pta Android epappoyr) Kat o okordg g eivat va Kivel éva oxnpa arnod Lego
Mindstorms [44].

4.2.4 H npoTn Asttoupyia TOU CUCTHPATOS

Agou dnploupynBnkav 0Aeg o1 artapaitnieg CUVAPTHOELS YA AITOOTOAL] £v-
ToAdVv oto brick frav arapaitnn n Sokpn Kat 0 EAeyX0G TO00 TOV EVIOA®V
autodv 000 KAl TG UAKEG KATAOKEUNG, Yid va darmot®bouv tuxdv Adbn kat
duolettoupyieg. Ot ouvaptiioelg tou brick mou vlorowOnkav agopouv
Asttoupyia OV KvNtpev, dpd 1 Sokyar adopd Ty IEPLOTPOPr] T®V KIvh)-
POV KAl OUVETIOG KAl Vv meptotpodr] g radkag. I'a va datnpnBetl n
KATAOKEUT] aKEPAld £TTPETE va ANdOoUv urodyn Kat o1 EPIOPIOH0L 0TS YOVi-
€G TEPLoTPOPNG g eriredng ermdaverag. Ma g doxkipég Xpnoporno|dnke
0 atoBnmpag rpooavatoAlopou (yupookorto) tou kivnou. 'Evag atobnipag
ou avtldapBdvetat v meEPLOTPoPr] O P0G TOUG TPELS ASOVEG NG KIVITIG
ouoKeUng (EZxnpa 4.7). L doxkiar, 0neg eivat Aoyiko, ot a§oveg o Xpnot-
porow)Bnkav eivat X katr y. Metd ano tg doxipég rpoékuypav duo evdage-
pOUOoEG AEITOUPYIES.

EnaroAouBn Asttoupyia I: Xepokrivntn Aettoupyia ToU popmnot

IMa va etvat vontd eUkoAo va Hrarmotmbel 1o1og Kvnpag meplotpédetat,
n eminedn erugpdvela tavtiotnke pe v 000vr g KIvt)§ OUOKEUNG Kdl O
Kd&Be xvnpag pe tov avtiotorXo afova. Arotédeopa n erminedn srugdvela
va akoAouBel tov pooavatoAlopd tou Kivntou.

2LeJOS eivat pia and g yAdooeg npoypappatiopoy tou NXT brick pe tov kéddika va
TPEXEL TIAV® 010 1610 1) 0e €vav andod NAEKTIPOVIKO UTIOAOY10TH Y1d VA ETUKOWVOVEL pE auto.



4.2. Ilpoypaupuatiopog 1ov oUoTUatos 41

Zynua 4.7: O1 afoveg eprotpo@ric mou Sabalet o aodnpag repotpoPns [45]

Agou dndebel kat §exvrjoel ) Aettoupyia tou 0 aobnuipag, yPappEs
4-9:

1 || private wvoid handleConnected() |

2 try |

4 if (sMan r != null)

5 egisterListener |

7 s a nsor (Sensor.TYPE ORIENTATION),

g SensorManager.SE DELAY_UI) ;

e }
10 thread = new runControl (socket.getInputStream(), socket . getoutputsStream());
11 } catch (Exce
12 Log.e | andleConnected () [" + e.getMessage() + "]");
13 disconnectF
14 }
15 }

apyxiler va drabader tipég tou mpooavaroAiopou pe 1 pebodo onSensor-
Changed 6rou katax@pouvtat ot Ti€g autég o€ petaBAntég rou Sa propouvy
va 1poortedaotouv otov urvdowro keodika. ‘Enetta dnpoupyeitat kat tpexet
¢va thread (ypappr) 10), to oroio Sa dabader 11g petabAnteg rpooavatoit-
opou, 9a dnuioupyrioet éva avukeipevo tou NXT brick pe tg pebodoug rou
YpAagmKrav mponyouvpéveg kat Sa otéAvel Tig avtiotoleg evioAég oto brick.
Ot ipég tev petaBAntov rmou diabdadovral ard tov atobnumipa eival oe poipeg
TEPLOTPOPI)G TOU KIVITOU, 01 TIHEG AUTEG pel@vovial pe pia Swaipeon yla va
TETUXOUV TNV AVTOTo1XT] MEPIOTPOPT] TG MAGKAG, YEtovral ta opla MEPLOTPOo-
PNg, 1 TaXUINIa OV KNjpev pe ) pébodo mou vdorownbnke setSpeed,
Kat t¢dog pe v pebodo rotateTo JEtovral o1 yovieg replotpodrg otov Kabe
Kwvnmpa. Avtr n Sadikaoia enavalapBaverat ouvexela pe pia kabuotepn-
on pepwkav milliseconds. Autd pubpidetarl ard v ouvapmorn updateTime
1 oroia urtodoyidel 1o XPOvo IMoU MEPACE artd TOV IIPONYOUREVO KUKAO Kt
9¢tel v iar) oe pa petabAn) ya va ouykpiBel pe Tov arattoupievo Xpovo
mou tibetat.

‘Etot teAikd nipogKuye pia Xe1pokivntn Aettoupyia tou ovotrjpartog, dnia-
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611 PAéroupe 1) ogaipa Kat Ipoortaboupe va TV 100pPOIT00UHE OTO KEVIPO
Mg MAAKAG, ME0® NG TIEPIOTPOPIS TOUG KIvNTou, £101 onwg da Kavape av
eiyape myv mAdka ota Xépia pag. Ilpémetl va onpeiwbel nog Aoye g Ka-
TAOKEVIG 01 GSOVeEG TEPIOTPOPNS TOV KivnIrpev eival ot Huo Siayoviol g
ertinedng ermagavelag.

Enaxo6AouBn Asttoupyia II: IoootaBpuion

Meta ard tov IPOnyouHevo IEPANATIONO ITPOEKUYE I OKEWPH va MUIEL TO
KWNTo mave oty erirnedn ermgdavela yla va maigel v poAo tou yveotou
adgpadiot duvo Graotaoewmv, dndadr) dtav Prel o Kivhnrd oty EIm@aveld, oe
auvtv v Asttoupyia, da 1wooppormjoet oe artdAuta opigdoviia déon v Erul-
@avela tou ovotnuarog. ‘Oneg rmpoxurtel, ong petabodeg g KAiong 6Aou
TOoU ovotpartog, n ermnedn ermgavela Sa eivarl mavra oe opigovua Séon. H
Aetroupyia auty] Supidet tov Hioko tou oegpbitdpou Kat v rpoorabeila tou va
ToV Kpatrjoet opigovria rapd tg petaBodég oto oopa tou.

Mua pikpr) onpeioor : oe avtiBeorn pe v Iponyoupevn) Aettoupyia, OItou
n kAion g erinedng eruddvelag akodoubBovoe v KAION g KvnIrg ou-
OKEUIG, O£ QUTHV T Asttoupyia 1) replotpodr) v ermirnedng ermepavelag eivat
avtibetn oTig MEPLOTPOPES TOU KV TOU.

4.2.5 AAyop19por OpenCV yia TOV EVIOMIONO Tng opaipag

Agou Sopbodnkav karola AdOn ong ouvapmoelg Kal QAVIKE va ASIToupyet
O®OTA TO OUOTNPA ®G ITIPOG TI§ OUVAPTIOELG TIEPIOTPOPIG KIVI|THPGV, TTPOY G-
PNOAPE OTO ONMAVIIKO KOPHATL, Aautd TG avayveplong g odaipag Idave
oy ermnedn emgavela. a myv avayvoplon mg opaipag Xprotporombnke
n P1BA106nkn OpenCV4Android.

To meprexopevo v duvo apxeiov, AutoControlView.java kat AutoCon-
trolViewBase.java, 6ivetal ard tmyv OpenCV. Ta apxeia repiexouv v evep-
yortoinor tev pebodov kalt peoa oe autd ta apyeia npootednke o kodikag
yla v avayveplorn g ogaipag Katl 0 PEIEneita Kodikag.

To apxeio AutoControlViewBase.java miepidapBavet myv KAdon mou eivat
urieubuvn yla v £VEPYOITOiNoT g KApepasg, g ANywng £kovag Katl g
ERPAVIONG IS £1KOVAG, PETA TV EMESEpyaonia, otnv 08dvn. Z1o apxeio eywvav
MKPEG addayeg.

To apxeto AutoControlView.java rieptdapBavet tv KAAo ITOU MEPIEXEL TO
Kuping kodika Kal €ival 1 EnEKTAOT g rponyoupevng xKAdaong. O kodikag
IOV YPAPTINKE y1d TOV EVIOIMoNO g odaipag ival o egng:

. . .

capture.retrieve (matRGE, Highgui.CV_CAP_ ANDROID_CCLOR_FRAME BGR);
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4 "/Cut video w h => ire frame

5l int —ULwljrh = (matRGB. w1dLht\ - maLRub h“lth(“r?;
& || matRGBsg = matRGB.submat (
7

q

0, matRGB.height (), cutWidth, matRGB.width()-cutWidthj;

* format

10 || Imgproc. cvtColor (matRGBsq, matHSV, Imgproc.COLOR_BGR2HSV);

12 Koboums otidhpote den einail keokki

13 || Core.inRange (matHSV, new Ocaldliﬂ lUU 300,

14 new Scalar(l15, 255, 255), thresholded);

15 || Core.inRange (matHSV, new Scalar (150, 100, 30),

16 new Scalar (180, 255, 255), thresholded2);

17 || Core.bitwise_or (thresholded, thresholded2, matFinal);

19 || /Ll Ere

1
i K

twn kuklwn

20 || Imgproc. Fiuqs1dnBlu1\mdtrlna1 matrlna1, new Size (3, 3), 0);

alutera apotel

?.? '/ Variables for Hot ’-’ “ircles search
3 ||Mat circles = new Mdt\],

24 || double minDist = matFinal.height();
25 || int cannyUpperThreshold = 200;

26 || int accumulatorThreshold = 20;

27 || int minRadius = 15;

28 || int maxRadius = 30;

29

30 || Imgproc.HoughCircles (matFinal, circles, Imgproc.CV_HOUGH _GEADIENT, 1.5,
31 minDist, cannyUpperThreshold, accumulatorThreshold, minRadius,

32 maxRadius);

33

34 || // 1f ball founde

35 ||if (circles. culstj > 0){

36 /4 retrie ball s from camera

37 double vCircle(] circles.get (0,0);

38 double i = vCircle[0];

3 double j = vCircle[l];

40

41 / draw circle for founded ball

42 PolnL ptBall = new Point (Math.round (i), Math.round(j));

43 Core.circle (matFinal, ptBall, 25, new Scalar(255,255,255), 3);
44 11}

45

46 || // create bitmap 1ir or output

47 || Bitmap bmp = Bitmap. dLEB]Lmdp[

48 matFinal .width(}), matFinal . height (), Bitmap.Config.ARGE B88E);
49

50 try i

51 transform mat to bitmap and return te display

52 Utlls matTu51tmaptmth1nal bmp) ;

53 return bmp;

54 || } catch(Exception ) {

55 Log.e ("AutoControlView", "fail in processFrame() " + e.getMessage());
56 bmp . recycle();

24| return null;

58 || }

OTIOU OTr] Ypapyr 2 n ouvaptnorn tpabdet 1o oty oTuIto arnd v Kapepa Kat
10 arobnkevel. Zug ypappeg 5 pe 7 peraoxnpatideral 1o ouypioturo arno
opBoyavio oe TeTpaymvo. Zirn ypappr 10 perarpérnetatl to ouypioturo ard 1o
Xpopatuxko poviedo BGR oe HSV, yia Sieukéduvon evroropou mg opaipag.
Zug ypappég 13 pe 17 yivetar n ewova dixpopn pe aompo xpopa va eivat
TO KOKKIVO Xpopa mg odaipag Kat pavpo 6Aa ta urddouta Xpopata. X
ypappr 20 epappodletat o gidtpo eSopdAuvong Gaussian, to oroio BeAtiovet
ta arnotedéopata tou petaonpatopou Hough, ypappég 23-32. O petaoyn-
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patiopog Hough eival pia teXviki) eVviormopou S1apopev oXNPAatey, Kal oty
MEPIMI®OT] Pag T@®V KUKA®V. AQou evrormotel n ogaipa, oxedialetal évag
KUKAOG ITAV® OT0 oTypioturto (ypappeg 35-44) Katl ot OUVEXELA EKTUTT@VE-
Tat otnyv 08dvr tou Kivntou (ypappég 47-58). H £§060g tou petaoyxnpatiopou
Hough eivat ot ouvietaypeveg (KEVIPoU) OAGV TOV KUKAIKOV QVIIKEIEVOY ITOU
evrortilovrat. Agou Aowudv pubpiotnke n evailofnoia tou pertacknuArtiopoy,
INPAE OV ATOTEAEONA TI§ OUVIETAYHEVES OVO TOU KEVIPOU g odaipag.

4.2.6 YAomnoinon PID gAsyKt®V yia UMOAOYIOHO YWOVIWV
Kat anootoAn £vtoAwv oto NXT brick

Apou ypadmKe 0 KoS1KAG yla TOV EVIOIMOPO g odaipag Katl Aeltoupynoe
1IKAVOITOUTIKA, YPAPINKE TO TEAEUTAi0 KOPPATL TS EPAPHOYIIG, O UITOAOY1-
OP0G TOV YOVIOV IEPLOTPOoPr)S. 'a tov urtodoylopod tev yeviov XPenotoror)-
9nkav ot PID eleykreg.

To oGOt A OUVIETAYHEVEV TOU OTIYHULOTUITOU TG Kapepag de ouprtrtet
HE TO VOno oUoTNa OUVIETAYHEVGV g erminedng ermgavelag (to ovotmpa
OUVIETAYPREVOV TI0U opidetal arod 1§ MePotpodeg Kivnirpav, dndadr) ot dra-
Y®OV101 TG EMm@Aavelag Kal KEVIPo To onueio rmou diaotauvpovovial ot fiayw-
vieg). 'a 1o Adyo auto £yive HU0 PETATPOITEG 0TI OUVIETAYHEVEG TOU KEVIPOU
mg ogaipag oto ouypoturio. H mpdtn petarport frav 1 petagopd g ap-
XS @V afdévav arod Iy IMave aplotepr] Yovid ToU OTyPR10TUIToU, OT0 KEVIPO
ToU:

¥ = x— frameyiqm/2 (4.1)

Y = —(y — frameneignt/2) (4.2)

H 6evtepn petarport) 1jtav 01 OUVIETAYHEVES Va MEPLOTPAPOUV Katd 45 poipeg

avtibeta pe ) @opd tou poloyiov (ZxnHua 4.8). 'Etol ypaginkav uo ovvap-

moelg, ot rotetedCoordX kat rotetedCoordY mou urtoAoyilouv T1g Kaivoupleg
OUVIETAYREVES TNG 0daipag, oUPP@Va e TG £§NG Petatporig [46]:

2" = cos(w/4) * ' — sin(w/4) * of (4.3)

y" = sin(n/4) x ' + cos(w /4) * v (4.4)

AgoU Eyvav 01 PETATPOIIES OTIS OUVIETAYHEVES 0TI OUVEXELU UITOAOYiOTn)-
KAV 01 YOVIEG TIEPIOTPOPNS TOV KIVNTH PGV :

+ timeInterval;

1
:

rorPrevi) /timelnterval;
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o n
0 n/2 nf2
-n/2 n/2 -nj2 n/2
o ]
n -nj2
-n/2

Zxnpa 4.8: Metaypony) 1oV CUVIETAYREVOV TC oQalpag, Tepiotpo@n kata 45 poipeg

7 || ExrrorPrevX = ErrorCurk;

1.4 il = =FgLes = i i i = —R [ AL
9 || int angleC = (int) Math.round( (Ep*ErrorcurX) + (KisErrorIntX) + (Kd+ErrorDerX

vil#

OIToU 0TI YPappEg 2 pe 7 urtodoyidovial o1 TPelg 6p01 TOU EAEYKTL], O1 OIoiot
rioAAartdaotadovratl otr) OUVEXELA PE TNV avTiotolXn otaBepd KEpdoug, ypappr
9. To amotédeopa, 6ndadn n yevia replotpodrig artooteddetat oto brick kat
gexvael n Hradbikaoia At amnod v apxn PE 10 Kawvoupio OTyH1oTuIto.

Metd ard apkeToug Ielpapatiopous pe diapopeg otabepég kEPHoug ToU
eAeyKn Katl H1apopeg uPeg g ertirnedng ermpavelag, o oUOTNPA Katapepe va
100PPOI 0L T 0Paipa 0To KEVIPO S erngaveiag. O Kodikag g epappoyng
Bpioketat oto rapapmpa B'.

A@ov 0AOKANP®ONKE 0 MIPOYPARHATIONOG TOU POUITOT, 0 KOO1KAG TAKTO-
nmomPnKe oe Pla eviaia eQpUappoyr) IOU MEPIEXEL KAl TI§ TPELS AEITOUPYIES,
bivovtag oto xprjom va ermAgdet o neipapa rmou YEAel va Tpeet, onwg gaive-
Tal ota mapararte oxnuata. ‘OAa ta screenshots mg epappoyrg Ppiokoviat
oto rapdaptnpa I,
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Ball Plate Project

Leveling

Auto Control
CAMERA

Manual Contral
ACCELEROMETER

About

Zynua 4.9: To ypagucod nepibaiiov Zynua 4.10: To ypagucd nepibaiiov
ToU KeVIptkoU activily e spapuoyng ¢ Acttovpyiag tou ouotripatog
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Tupnepaopata

H epyaoia odoxAnpodnke kat 0 oko1og tou poprot £xet ermteuyOei. To ou-
OTNd TIOU 100pPOTIEL T odaipa Tdve of a em@davela, £va TpobAnpa a-
otabég xkat SuokoAo otnv uvdoroinorn, £xel ocAorkAneeBel Katl avrarokpivetat
UPKETA IKAVOITOUTIKA, ITAPOAO ITOU Td UAIKA ITOU Xprotporno)énkav nrav
apKeTa PONva oe oX£orn pe dAda POUIoTIKA CUOTH AT, OUVEN®DG Kal Atyo-
Tepng akpéeiag kat aflormotiag. Qotoéoo n ddpkela peXpPt va 1woppornOet
N odaipa 0to KEVIPO g ertinedng ermddvelag eivat apketd peyddrn), KAt 1o
ortoio Sev eival ardAuta Kavormomtike kat Sa priopovuos va PBedtobel pe
P o adlormot) PORIoTIKY Kataokevr). [IiBaveg attieg rmou eubuvoviat ot
HEWWPEVT artddoor) Tou ouoTatog eivatl KAToteg arnd TG NMapaxkdato :

e Ot kaBuotepr|oelg AOY® g ETUKOWV®VIAG, KIVNTG OUOKEUNG Kat brick,
péow bluetooth, arotedouv onpavuko Adyo pewpévng anodoong tou
ovotpatog. Ot kaBuoteprjoetg autég Sa propovoav va e§aletdpbouv pe
T XPH o1 Plag UrtoAoyloukng povadag ouvdedepévn aneubeiag pe toug

KIVITPEG.

e H enefepyaotkn 10X0UG g Kvnifg ouoKkeurng dev eivat apkrew). Ot
aAyopiOpotl mg PBAobrkng OpenCV eival alyopiBpot emedepyaoiag
elkovag Kat Bivieo kat Xpetddoviatl peydirn ene€epyaotik) 10XU Kat ap-
KETO XOPO MPoo®pvng pvhpng. Apa Sa priopouos va Xpnotporown et
Hla 1oXupdtepn UMoAOYloTIKY povada eA£yxou 1 va Xpnotporowbouy
TMEPLO0OTEPO ATI0dOTIKOL aAyopiBlaot.

e H eminedn erugaveta eivat pikpr). 'Ooo pikpodtepn eivat n ermgpdveta to-
00 Alydtepn avoyr] urdapxet ota Adbn, ylati Atyooteust 0 X©pog Kivnong
g odaipag, apa Kat 1 artdKP1o1] TOU OUOTHIATOG IIPETTEL VA YIVEL YP1)-
YOPOTEPT]. LUVEM®G 10 KATAOKEUT] Pe Peyadutepn erirnedn) ermgpavela
9a eixe 1IKAVOTIOMNTIKOTEPA ATIOTEAEOPATA.

47
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e H xataokeur]. I'vopidoupe 611 01 KIvNTHPEG TG KATAOKEUTG £X0UV AKpPi-
Beta +/- 1 poipa, ouven®g to £UPog OPAAPATOG TTEPIOTPOPLG 2 HOPOV
propel va otorioet ) omotr) Asttoupyia o éva aotabég ouotnpa, Oreg
autd 10U vdorto)OnKe. ‘Apd yla KAAUTEPA ATTOTEAEOPATA 1] KATAOKEUT)
Ya priopouoe va akoAoubroel H1aPopPETIKY|] APXITEKTOVIKT] OITOU 1) Yovia
EPOTPOPNS Tou KABe Kvntrpa va £ival avadoylkd Peyadutepn ard
) yovia replotpodrg g erminedng ermddvelag Kat £10t va eAattobet
ONHAVTIKA TO OPAAPA TOV KIVITHP®V.

MeAdovukr) enéktaorn g epyaociag Sa propouos va eivat 1 vdoroinon
00U OUOTHIATOG O£ POUIIOTIKA OUOTHPATA PEYaAUTepng akpibetag kat adlo-
motiag. Emiong, pa akopa enéktaon Sa propouoe va yivel, Je 10 va Tape-
Xetat oto Xprotn 1 duvatdtnra va dradeyet 1o erubupntd onpeio wopportiag
1) akopa Kat va opidet TIpoX1Eg petakivnong g odaipag rmave oty erinedn
ermgpaveld.

H texvoloyiag tov ouotpdtov autdpatou eAEYX0U 100pportiag pIopet va
£PUPPOO0TEL O TTIOAAEG POPITOTIKEG KATAOKEUEG OTTOU ATTALTEITAL 1] 100ppoTd.
Xapaxmplouko rapddetypa etvat n duvatdtra H1atrpnong avuketpévay o
100ppoTTid TIAVE 0 £va H10KO TI0U PETAKIVET KATTIO0 POUTIOT, £181KA OTav auto
petakwveital oe avopalo £dagog 1 pe pr otabepo 1poro.
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IMapaptnpa A’

O81nyieg KATAOKEUIG TOU POUMOT
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Zxnua A'.14: Brjua 14 Zxnua A'.15: Brjua 15

Exrpa A.16: Brjua 16 Exnipa A.17: Bripa 17
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Zynua A'.18: Brjua 18

Zynua A.21: Brjua 21

Zynua A'.22: Brjua 22
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Zynua A.27: Brjua 27
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Zynua A.33: Brjua 33

Zynua A.34: Brjua 34
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Kegaiaw A'. Odnyie¢ kataokeur§ tou pOUToT

Zynua A.39:

Zynua A'.40: Brjua 40
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Zynua A'.43: Brjua 43 Zxnua A'.44: Brjua 44

P

Zynua A'.45: Brjua 45
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Mpecétovtal yia va Sioplhgouy
To AN TNG KATATKEUNG Adyo
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Zynua A .46: Brjua 46

Zxnua A'.50: Brjua 50

Zynua A'.51: Brjua 51
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Zynpa A.56: Brjua 56

Zxnpa A.57: Brjua 57
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Zxnua A'.64: Brjua 64
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TotroBeteitan pia £TTiTTEDN
ETIPAVEIA DIACTACEWY
13 x 13 ¢k.

Zynpa A'.65: Teiuco Brua



IMapaptnpa B’

IInyaiog KOd1rag tng epappoyns

—

EallPlateProject

ballplateproject

Eynpa B.1: Aour tou mnyaiou kobdika
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AndroidManifest.xml

<manifest xmlns:android="http://schemas.android.com/apk/res/android"
package="com.ucg.ballplateproject”
android:versionCode="1"
android:versionName="1.0" >

<uses-sdk
android:minSdkVersion="8"
android:targetsSdkVersion="15" />

<application
android:icon="@drawable/ucg_logo"
android:label="Ball Plate Project">

<activity
android:name=".Splash"
android:label="Ball Plate Project"”
android:screenOrientation="portrait">
<intent-filter>
<action androidiname="android.intent.action.MAIN" />
<category android:name="android.lntent.category.LAUNCHER" />
</intent-filter>
<factivity>

<activity
android:name=",Main"
androld:screenOrientation="portrait" >
<factivity>

<activity
android:name=".About"
android:screenfOrientaticn="portrait"
android:label="Rbout"
android:theme="@android:style/Theme.Dialog">
</activity>
</application>

<uses-permission android:name="android.permission.BLUETOOTH_ADMIN" />

<uses-~permission androidiname="android.permigsion.BLUETCOTH" />

<uses-permission android:name="android.permission.CAMERA"/>

<uses-feature android:name="android.hardware.camera" />

<uses-feature android:name="android.hardware.camera.autofocus" />
</manifest>
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about.xml

<?xml wersion="1.0" encoding="UTF-8"7>
<ScrollView xmlns:android="http://schemas.android

android:layout_width="fill parent"
android:layout_height="fill parent" >

<LinearLayout
android:layout_width="fill parent"
android:layout_height="wrap_content"
android:orientation="vertical"
android:layout_marginTop="20dp"
android:layout_marginBottom="30dp">

<LinearLayout
android:layout_width="fill parent"
android:layout_height="wrap_content"
android:orientation="horizontal" >

<ImageView
android:layout_width="wrap_content"
android:layout _height="wrap content"
android:sre="@drawables/ucg_logo"
android:layout_margin="10dp"/>

<LinearLayout
android:layout_width="fill_parent"
android:layout_height="wrap content"
android:orientation="vertical"
android:layout marginTop="15dp">

<TextView
android:layout_ width="fill parent"”
android:layout_height="wrap_content”
android:text="UNIVERSITY OF CENTRAL GREECE"
androiditextSize="14dp" />

<TextView
android:layout_width="fill_parent"
android:layout_height="wrap content"

android:text="DEPARTMENT OF COMPUTER SCIENCE AND BEIOMEDICAL

android:textsize="10dp" />
</LinearLayout>
</LinearLayout>

<LinearLayout
android:layout width="fill parent"
android:layout_height="wrap_content"
android:orientation="vertical"
android:layout_margin="10dp">

<TextView
android:layout_width="fill_parent”
android:layout_height="wrap content"
android:text="This application is part of graduate thesis"
android:layout_margin="5dp"/>

<TextView
android:layout_width="fill_parent"
android:layout height="wrap_ content"
android:text="Title: Construction and programming robot"
android:layout_margin="5dp"/>

<TextView
android:layout width="fi111 parent"
android:layout_height="wrap_content"
android:text="Creator: Xalkidoy HNatalia"
android:layout_margin="5dp"/>

<TextView
android:layout_width="fill parent"
android:layout_height="wrap_content"
android:text="Supervisor: Plagianakos Vasilis"
android:layout_margin="5dp"/>

<TextView

.com/apk/res/android"

INFORMATICS"
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69 android:layout width="wrap content"
70 android:layout_height="wrap_content"”
71 android:text="2012"

72 android:layout_gravity="center"

73 android:layout_margin="10dp" />

T4 </LinearLayout>

75 </LinearLayout>

76 | </ScrollView>
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leveling.xml

<?xml wersion="1.0" encoding="UTF-8"2>

<LinearlLayout xmlns:android="http://schemas.android
android:layout_width="fill_parent"
android:layout_height="fill parent"
android:orientation="vertical" >

<ImageView
android:layout_width="wrap content"
android:layout_height="250dp"
android:src="@drawable/arrow" />

<TextView
android:id="@+id/tvSensorReads"
android:layout width="wrap content"
android:layout_height="wrap_content"
android:text=""
android:layout gravity="center"
android:textSize="20dp" />

</LinearLayout>

.com/apk/res/android"
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manual_control.xml

<?xml version="1.0" encoding="UTF-8"7>

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:layout_width="fill_parent"
android:layout_height="fi1l_ parent"
android:orientation="vertical" >

<ImageView
android:layout_width="wrap_content"
android:layout height="250d4dp"
android:sre="@drawable/arrow" />
<TextView
android:id="@+id/cvsSpeed"
android:layout width="wrap_ content"
android:layout_height="wrap_content"
android:text="Select max motors speed
android:layout_marginLeft="10d4dp"/>
<SeekBar
android:id="@+id/sbSpeed"”
android:layout_width="match_parent"
android:layout height="wrap_ content"
android:layout_margin="10dp" />
<TextView
android:id="@+id/tvAngle"”
android:layout_width="wrap_content"
android:layout_height="wrap_ content"
android:text="Select max motors angle
android:layout_marginLeft="10dp"/>
<SeekBar
android:id="@+id/sbAngle"”
android:layout_width="match_parent"
android:layout height="wrap_ content"
android:layout_margin="10dp" />
<TextView
android:id="@+id/tvSensorReadings"
android:layout_width="wrap_content"
android:layout_height="wrap content"
android:text=""
android:layout_gravity="center"
android:textSize="20dp"/>
</LinearLayout>

(0 degree/sec)"

(0 degree)"
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splash.xml

<?xml wersion="1.0" encoding="UTF-8"7%>

<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"
#mlns:tools="hrtp://schemas.android.com/tools”
android:layout width="fill parent"
android:layout_height="fill_parent"
android:orientation="vertical">

<LinearLayout

android:layout width="fill parent"
android:layout_height="wrap_content"
android:orientation="horizontal" >

<ImageView
android:layout_width="wrap content"
android:layout_height="wrap_content"
android:src="@drawable/ucg_logo"
android:layout_margin="10dp"/>

<LinearLayout
android:layout_width="fill_parent"
android:layout_height="wrap content"
android:orientation="vertical"
android:layout_marginTop="15dp">

<TextView
android:layout_width="fill parent"
android:layout_height="wrap_content"
android:text="UNIVERSITY OF CENTRAL GREECE"
android:textSize="14dp" />

<TextView
android:layout_width="fill parent"
android:layout_height="wrap_content"”
android:text="DEPARTMENT OF COMPUTER SCIENCE AND BIOMEDICAL
android:textSize="10dp" />

</LinearLayout>

</LinearLayout>

<TextView

android:layout_width="wrap_content"
android:layout height="wrap_ content"
android:layout_marginTop="10dp"
android:layout_marginBeottom="20dp"
android:text="Ball Plate Project"
android:textSize="40dp"
android:layout_gravity="center" />

<LinearLayout

android:layout_width="fill parent"
android:layout_height="wrap_content"
android:orientation="vertical"
android:layout_margin="20dp">

<Button
android:id="@+id/bLeveling"
android:layout_width="fill parent"
android:layout_height="wrap_content"
android:layout_margin="5dp"
android:text="Leveling" />

<Button
android:id="@+1id/bAutoControl"”
android:layout_width="fill parent"”
android:layout_height="wrap_content”
android:layout_margin="5dp"
android:text="Auto Control\nCAMERA" />

<Button
android:id="@+id/bManualControl"
android:layout_width="fill_parent"
android:layout_height="wrap content"
android:layout_margin="5dp"
android:text="Manual Control\nACCELEROMETER" />

INFORMATICS"
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69 <Button

70 android:id="@+id/bAbout”

71 android:layout width="fill parent"
72 android:layout_height="wrap content"
73 android:layout_margin="5dp"

74 android:text="About" />

75 </LinearLayout>
76 |</LinearLayout>
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About.java

package com.ucg.ballplateproiject;

import android.app.Activity;
import android.os.Bundle;

public class RAbout extends Activity
@0verride
public void onCreate (Bundle savedInstanceState)
super.onCreate (savedInstanceState);
setContentView (R, layout .about) ;
}
}
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AutoControlView.java

package com.ucg.ballplateproject;

import java.io.InputStream;
import java.io.QutputStream;

import org.opencv.android.Utils;

import org.opencv.core.Core;

import org.opencv.core.Mat;

import org.opencv.core.Point;

import org.opencv.core.Scalar;

import org.opencv.core.3ize;

import org.opencv.highgui.Highgui;
import org.opencv.highgul.VideoCapture;
import org.opencv.imgproc.Imgproc;

import android.content.Context;
import android.graphics.Bitmap;
import android.util.Log;

import android.view.SurfaceHolder;

public class AutoControlView extends AutoControlViewBase {
"/ Mat variables for save video frames (input and edited frames)
private Mat matRGE;
private Mat matFinal;
private Mat matRGBsqg;
private Mat matHSV;
private Mat thresholded;
private Mat thresholded2;
end Mat wvariables
f/ Desired x y positions
double desired¥ = 0;
double desiredY = 0;

// BID controller galn values
double Kp = 3.5;

double Ki = 1.5;
double Kd = 2.5;
// Variable for current error

double ErrorCurX = 0;
double Errorcur¥ = 0;
"/ Variable for previo
double ErrorPrevy = 0;
double ErrorPrevy = 0;
g.

// Variable for integrate error
double ErrorintX = 0;
double ErrorInt¥ = 0;
/ variable computing time Iinterval between movement

long systemLastTime = System.currentTimeMillis();
double timeInterwval 0;

/S Motors
public static final byte MOTOR B = 0x01;
public static final byte MOTOR_C = 0x02;
NXTCommands nxtCommands;
Motor motorB = null;
Motor motorC = null;

/ max angle for rotate motors

int maxAngle = 10;

public AutoControlView(Context context, InputStream is, OutputStream os) {
super (context);
// create object for nxt commands class and set input output streams
nxtCommands = new NXTCommands(is, os);

S/ create objects for serveo motors
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motork new Motor (MOTOR_RB);

motorc new Motor (MOTOR_C);

S/ set motors streams of nxt

motorB.setStreams (is, os);

motorC.setStreams (is, os);

S/ set motors speeds

motorB.setSpeed (30);

motorC.setSpeed (30);

/4 pairnoyme dyc fores th gwnia toy enocs kinhthra gia logoys ryfmishs
// (to getTachoCount ana pente fores diavazel plhroforia apo to nxt poy
// xrhsimopeleital sto rotate kai tis alles fores apo mia metavlhth
// poy thn apo8hkeyel, cpote gia na mhn diavazel gwnies taytoxrona

// gia toys dye kinhthres travame 2 gwnies arxika)
motorB.getTachoCount () ;

motorB.getTacheCount () ;

}

@override
public void surfaceCreated(SurfaceHolder holder) {
synchronized (this) |
// initialize Mats before usage
matFinal = new Mat () ;
matRGB = new Mat|();
matRGBsg = new Mat ();
matHSV = new Mat();
thresholded = new Mat ();
thresholdedZ = new Mat ();
}
super.surfaceCreated (holder);

}

@o0verride
protected Bitmap processFrame (VideoCapture capture) {
//retrieve capture data with RGB format
capture.retrieve (matRGE, Highgui.CV_CAP_ANDROID_COLOR_FRAME_BGR);

//cut video width => square capture frame
int cutWidth = (matRGB.width() - matRGB.height ()} /2;
matRGBsq = matRGB.submat (0, matRGB.height (), cutWidth, matRGB.width()-cutWidth

) ;

//tranform video capture to to HSV format
Imgproc.cvtCelor (matRGEsqg, matHSV, Imgproc.COLOR_BGRZHEV);

//Koboume otidhpote den einai kokkino

Core.inRange (matHSV, new Scalar(0, 100, 30), new Scalar(l5, 255, 255),
thresholded) ;

Core.inRange (matHSV, new Scalar(150, 100, 30), new Scalar(180, 255, 255),
thresholded?2) ;

Core.bitwise_or (thresheolded, thresholded2, matFinal);

//filtraroume gia kalutera apotelesmata twn kuklwn
Imgproc.GaussianBlur (matFinal, matFinal, new Size (3, 3), 0);

// Variables for HoughClreles search
Mat circles = new Mat ();

double minPist = matFinal.height();
int cannyUpperThresheld = 200;

int accumulatorThreshold = 20;

int minRadius 15

int maxRadius 307

Imgproc.HoughCircles (matFinal, circles, Imgproc.CV_HOUGH GRADIENT, 1.5,
minDist, cannyUpperThreshold, accumulatorThreshold, minRadius, maxRadius);

// if ball founded

if (circles.cols() > 0){
S/ retrieve ball coords from camera
double vCircle[] = circles.get(0,0);
double i = vCircle[0];
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double j = vCircle[l];

// draw circle for founded ball
Point ptBall = new Point (Math.round(i), Math.round(3j));
Core.circle(matFinal, ptBall, 25, new Scalar(255,255,255), 3);

// tranform from (0->240, 0-—>240) coord system to
L7 (=120->120, -120->120)
double x = 1 — matFinal.width()/2;
double y = —-{] - matFinal.height(}/2};
// tranform coords system, rotate 45 degrees
double newX = rotetedCoord¥(x, V)i
double newY = rotetedCoordY(x, ¥y);
// for wvalues 0-1 (max 135)
newX = newX/135;
newY = newY/135;
// compute time Interval between Z action
long systemilowTime = System.currentTimeMillis();
double timelntervalMillis = (double) (systemNowTime - systemLastTime);
systemLastTime = systemNowTime;
timeInterval = timelntervalMillis/1000;
/4 eurrent error
ErrorCurX = desiredX — newXx;
// integrate error
ErrorIntX = ErrorIntX + ErrorCurX % timeInterval;
// derivative error
double ErrorDerX = [(ErrorCurX - ErrorPrevi)/timelInterval;
ErrorPrevi = ErrorCurX;
// calculate angle for rotate motor
int angleC = (int) Math.round( (Kp*ErrorCurX) + (Kis*ErrorIntX) + (Kd»
ErrorDerX));

Log.e("pid", "p " + KpsErrorcur¥X+" i " + Ki:ErrorInt¥+" d " + KdsErrorDerX);
// cut large angles
if{angleC > maxAngle)

angleC = maxAngle;
else if(angleC < -maxAngle)

angleC = —maxAngle;

// rotate 1f not near to desired point
if((Math.abs (newX)-Math.abs (desiredX))>0.1){
motorC.rotateTe (—angleC, true);
]

// current error
ErrorcurY = desiredY - newY;
// Integrate error
ErrorIntY = ErrorIntY + ErrorCurY * timeInterval;
s/ derivative error
double ErrorDerY = (ErrorCurY — ErrorPrevyY)/timelInterval;
ErrorPrevY = ErrorCurY;
// caleculate angle for rotate motor
int angleB = (int) Math.round( (Kp:ErrorCur¥) + (Kis#ErrorInt¥) + (Kd+
ErrorDerY));

if(angleR > maxAngle)
angleB = maxAngle;

else if(angleB < -maxAngle)
angleB = -maxAngle;

if ( (Math.abs (newY)-Math.abs(desiredY))>0.1)1
motorB.rotateTo (-angleB, true);

b

if( (Math.abs(newX)—-Math.abs(desiredX))<0.1 && (Math.abs(newY)-Math.abs|(
desiredY))<0.1){
nxztCommands.playTone (| 900, 10 };
}

jelse
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// play one tone
nxtCommands.playTone( 784, 20 );
Log.e ("detected", "no");

}

// draw desired position (in this cause center)

Point ptCenter = new Point (matFinal.width()/2, matFinal.height()/2);

Core.circle(matFinal, ptCenter, 3, new Scalar(255,255,255),

// create bitmap image for output

3)¢

Bitmap bmp = Bitmap.createBitmap (matFinal.width(), matFinal.height (), Bitmap.

Config.ARGB_8888);

try |
s/ transform mat to bitmap and return to display
Utils.matToBitmap (matFinal, bmp);
return bmp;

} eatch(Exception e) {

Log.e ("AutoControlView", "fail in processFrame() " + e.getMessage());

brmp.recycle();
return null;
t
}

S
» Rotate coordinate system 45 degrees
* compute new X
+ Bparam X
+ @param ¥
* @Breturn new x
v
public double rotetedCoordd(double %, double vy){
return Math.cos (Math.PI/4)+x — Math.sin(Math.PI/4)=+y;
}

Rotate coordinate system 45 degrees
compute new y

@param X

@param ¥
* @return new y

public double rotetedCoordY(double x, double y){
return Math.sin(Math.PI/4)+x + Math.cos(Math.PI/4)+y;

}

4

$ % B % oz

@override
publie void runf() {
super.runi();

synchronized (this) |
// Explicitly deallocate Mats
if (matHsV != null)
matHSV.release ()
if (matRGE '= null)
matRGE.release();
if (matFinal !'= null)
matFinal.release();
if (matRGBsg != null)
matRGBsq.release();
if (thresholded != null)
thresholded.release();
if (thresholded2 != null)
thresholded?2.release();

matRGE = null;
matFinal = null;
matRGBsg = null;
matHSV = null;
thresholded = null;
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thresholded2 = null;
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AutoControlViewBase.java

package com.ucg.ballplateproject;

Sk

+ Ayto to kommatl kwdika
+ elnai poy ryémi
* stelnel tis plhrofories

1
4L
+ kal lamvanel pisw to bitmap poy

etoimo apc thn opencV.
=1 thn kamera
AutoControlView
emfanised

exoyn ginei stis dia

réwsh sthn emfanisel to
el to portrait orien

import org.opencv.highgui.Highgui;
import org.opencv.highgui.VideoCapture;

import android.centent.Context;
import android.graphics.Bitmap;
import android.graphics.Canvas;
import android.graphics.Matrix;
import android.util.Log;

import android.view.SurfaceHolder;
import android.view.SurfaceView;

public abstract class AutoControlViewBase extends SurfaceView implements
SurfaceHolder.Callback, Runnable {
private static final String TAG = "AutoControlViewBase";

private SurfaceHolder mHolder;
private VideoCapture mCamera;

public AutoControlViewBase (Context context) |
super (context);
mHolder = getHolder();
mHolder.addCallback (this);

}

public boolean openCameral() {
synchronized (this) |
releaseCameral) ;
mCamera = new VideoCapture (Highgui.CV_CAP_ANDROID);
if (!mCamera.isOpened()) |
mCamera.release();
mCamera = null;
return false;
i
}
return true;
1

public wvoid releaseCamera() |
synchronized (this) |
if (mCamera !'= null) {
mCamera.release();
mCamera = null;
}
}
}

public void setupCamera(int width, int height) {
synchronized (this) |
if (mCamera != null && mCamera.isOpened()) {
// desired resolution video
mCamera.set (Highgul .CV_CAP_PROP_FRAME_WIDTH, 320);
mCamera,set (Highgui.CV_CAP_PROP FRAME HEIGHT, 240);
}
}
1
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public woid surfaceChanged (SurfaceHolder _holder, int format, int width, int
height) {
Log.i(TAG, "surfaceChanged");
setupCamera (width, height);
}

public void surfaceCreated(SurfaceHolder holder) {
Log.i(TAG, "surfaceCreated");
(new Thread(this)).start();

}

publie wvoid surfaceDestroyed (SurfaceHolder holder) {
Log.1i(TAG, "surfaceDestroyed");
releaseCameral();

}

protected abstract Bitmap processFrame(VideoCapture capture);
public void run() {
while (true) |
Bitmap bmp = null;

synchronized (this) {

if (mCamera == null)
break;

if (!mCamera.grabi())
break;

bmp = processFrame (mCamera) ;
4

if (bmp != null) {
Canvas canvas = mHolder.lockCanvas|();
if (canvas != null) {
//Display COrientation Issue When Working with OpencCV (portrait)
Matrix matrix = new Matrix();
matrix.preTranslate( (canvas.getWidth() — bmp.getWidth()) / 2, (canvas.
getHeight () — bmp.getHeight ()) / 2);
matrix.postRotate (90f, (canvas.getWidth()) / 2, (canvas.getHeight()) / 2);
canvas.drawBitmap (bmp, matrizx, null);
mHolder.unlockCanvasAndPost (canvas);
}
bmp.recycle();
}
try { Thread.sleep(100); } catch (InterruptedException ) {}
}
b
}
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Main.java

package com.ucg.ballplateproject;

import java.io.IOException;
impert java.io.InputStream;
import java.io.OutputsStrean;
import java.util.Iterator;
import java.util.Set;

import org.opencv.android.BaseLoaderCallback;
import org.opencv.android.LoaderCallbackInterface;
import org.opencv.android.OpenCVLoader;

import android.os.Bundle;

import android.app.Activity;

import android.bluetooth.BluetcothAdapter;
import android.bluetcoth.BlustoothDevice;
import android.bluetooth.BluetoothsSocket;
import android.content.BroadcastReceiver;
import android.content.Context;

import android.content.Intent;

import android.content.IntentFilter;

import android.hardware.Sensor;

import android.hardware.SensorEvent;

import android.hardware.SensorEventListener;
import android.hardware.SensorManager;
import android.util.Log;

import android.view.Window;

import android.widget.SeekBar;

import android.widget.SeekBar.OnSeekBarChangelListener;
import android.widget.TextView;

import android.widget.Toast;

public class Main extends Activity implements SensorEventListener,
OnSeekBarChangelListener {

final String TAG = "Main";
final String ROBOTNAME = "NXT";

/¢ modes

private int MODE_MANUAL_CONTROL = 0;
private int MODE_AUTO_CONTROL = 1;
private int MODE_LEVELING = 2;
private int mode;

// BT Variables

private BluetoothAdapter btRdapter;
private Set<RBluetoothDevice> pailredDevices;
private BlustoothSocket socket;

private boolean bConnected = false;

/¢ End BT Variables

// Sensor variables

private double sensorX = (;

private double sensorY = 0;

/7 Settings variables (of two seekbars) rfor manual control
private int maxAngle = 0;

private int maxSpeed = 0;

// thread and thread flag for stopping thread

private runControl thread = null;
private boolean activeThread = false;

/S Views

private TextView readings = null;
private TextView tLvSpeed = null;
private TextView tvAngle = null;
private SeekBar sbsSpeed = null;
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68 private SeskBar sbiAngle = null;
69
70 // class for set view (aute control mode)
71 private RAutoContrelView auteControlView;
72
73 /4 sensor manager
74 private SensorManager sManager = null;
5
76 S/ first time changed sensors
717 boolean first = true;
78
79 Ve T
80 + Called when the activity is first created. Inititializes all the
81 + graphical views.
B2 x/
83 @Override
84 public weoid onCreate (Bundle savedInstanceState) |
85 super.onCreate (savedInstanceState);
86 // Remove window title
87 getWindow() .requestFeature (Window.FEATURE _NO_TITLE) ;
88
B89 // Get info-extras from previous activity (Splash activity),
90 // 1in this case the user choice (manual, auto, leveling)
91 Bundle extras=getIntent().getExtras();
92
93 // For different user cheolice we set different content view
94 /4 (layout xzml or class view) and initialize views like textviews, buttons
a5 if(extras.getString("control") .equals("manual™)}{
96 mode = MODE_MANUAL_CONTROL;
97 setContentView(R.layout .manual control);
98
93 S/ initialize views
100 readings = (TextView)findViewById(R.id.tvSensorReadings);
101 tvSpeed = (TextView)findViewByld(R.id.tvsSpeed);
102 tvAngle = (TexztView)findvViewById(R.id.tvAngle);
103 shSpeed = (SeekBar)findViewByld(R.id.sbSpeed);
104 sbSpeed.setOnSeekBarChangelistener (this);
105 gsbangle = (SeekBar)findViewByld(R.id.sbAngle);
106 sbingle.setOnSeekBarChangelistener (this);
107
108 // initialize sensor manager
109 sManager = (SensorManager) getSystemService (SENSOR_SERVICE) ;
110 jelse if(extras.getString("control").equals("auto")){
111 mode = MODE_AUTO CONTROL;
112 }else if(extras.getString("control").equals("leveling™)){
113 mode = MODE LEVELING;
114 setContentView(R.layout.leveling);
115
116 S7 initialize view
117 readings = (TextView)findViewById(R.id.tvSensorReads);
118 // initialize sensor manager
118 sManager = (SensorManager) getSystemService (SENSOR_SERVICE);
120 }
121 }
122
123 Sw#
124 #» Called when the activity is start after created or restarted.
125 + Set Filters for receiver and try connect to robot
126 */
124 BOverride
128 public void onstart () {
129 super.onStart ();
130
131 // set filter for receiver, for detect whan connected and disconnected with
robet via bluetcoth
132 registerReceliver (mReceiver,new IntentFilter ("android.bluetooth.device.action.
ACL_CONNECTED™));
133 registerReceiver (mReceiver,new IntentFilter ("android.bluetooth.device.action.
ACL DISCONNECTED"));:
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findRobot ();
}

VT
* Called when the activity 1s stopped.
+ Disconnect robot
*/
@override
public void onsStop() {
super.onsStop();

activeThread = false;
try { Thread.sleep(500); } catch (InterruptecdException ) {}
disconnectFromRobot ()
unregisterReceiver (mReceiver);
}

e
= Find specific device for connect and call function connect connectToRobot |
BlustoothDevice)
=/
public woid findRobot () {
tryf
// Get default bluetooth adapter
btAdapter = BluetoothAdapter.getDefaultAdapter();
// Get paired bluetooth devices
pairedbDevices = brtAdapter.getBondedDevices();
S/ set 1terator over a sequence of bluetooth devices, like a list
Iterator<BluetoothDevice> it = pairedbevices.iterator();
/4 8Bcan the iterater/list for specific bluetcoth device, the robot and call
functien to connect
while (it.hasNext()){
BluetoothDevice bd = it.next();

if (bd.getlName().equalsIgnoreCase (ROBOTNAME) ) {
connectToRobot (bd) ;
return;

}

}
}catch (Exception e){
Log.e (TAG, "Failed in findRobot () [" + e.getMessage() + "]");
}
t

Aok
= Connect to robel socket
* @param Bluetooth Device for connect
*/
private woid connectToRobot (BluetoothDevice bd) {
try{
socket = bd.createRfcommSocketToServiceRecord(java.util.UUID.fromString("
00001101-0000-1000-8000-00805F9R34FRB") ) ;
socket .connect () ;
Toast .makeText (Main.this, "Robot Connected!", Toast.LENGTH_LONG).show();
lecatech (Exception e){
Log.e (TAG, "Failed in connectToRokot () [" + e.getMessage() + "1");

}

Sk
« Disconnect from robot socket
%/
public wvoid disconnectFromRobot () {
tryi
socket.close();
Toast.makeText (Main.this, "Robot Disconnected!", Toast.LENGTH_LONG).show();
lecatch (Exception e){
Log.e (TAG, "Failed in disconnectFromRobot {} [" + e.getMessage() + "]");
}
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if(mode == MODE_AUTO_CONTROL) {
if (null != autoControlView)
autoControlView.releaseCameral);

T
= Called when mobile and robot cennected or disconnected (palred) via
bluetooth
#*,
private final BroadcastReceiver mReceiver = new BroadcastReceiver() {
@override
public void onReceive (Context context,Intent intent) {
if (intent.getAction().equals("android.bluetooth.device.action.ACL _CONNECTED
nyy 4
handleConnected () ;
}
if (intent.getAction().equals("android.bluetooth.device.action.
ACT, DISCONNECTED")) o
handleDisconnected () ;
1
]
bi

Srw
+ Called when mobile and robot connected
*yf

private woid handleConnected() {
try {

£/ If mode manual control or leveling start thread
if (mode == MODE_MANUAL_CONTROL || mode == MODE_LEVELING) {
// Start orientation sensor
if (sManager != null) {
sManager.registerListener (Main.this, sManager.getDefaultSensor (Sensor.
TYPE_ORIENTATION), SensorManager.SENSOR_DELAY_UT);
}

thread = new runControl (socket.getlnputStream(), socket.getOutputsStream());
}else if(mode == MODE_AUTO CONTROL) {
if (!openCVLoader.initAsync (OpenCVLoader . OPENCV_VERSION_2_4_2, this,
opencvcallBack))
Log.e(TAG, "Cannot connect to OpenCV Manager");
t
bConnected = true;
} eatch (Exception e) {

Log.e(TAG, "Failed in handleConnected() [" + e.getMessage() + "]1");
disconnectFromRobot () ;
}
}
e
+ Called when mobile and robhot disconnected and unregister sManager
xd

private woid handleDisconnected() {
bConnected = false;
if(mode == MODE_MANUAL CONTROL || mode == MODE_LEVELING) {
if (sManager != null) {
sManager.unregisterListener (Main.this);
}
readings.setText ("Sensors Disabled. Please connect to Robot to resume.");
}
}

e

+ Called when mobile orientation changed
*» Read sensor values

g

L

public void onSensorChanged(SensorEvent event) {




266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
$27
328
329
330
331
332
333
334
335

85

if (bConnected == false) return;

gsensorX = event.values[1];

sensorY = event.values[2];

readings.setText ("sensor X: " + sensorX + " sensor Y: " + sensorY);

// enable thread when started read sensor
if(first == true) {
thread.start(});
activeThread = true;
first = false;
1
}

public void onAccuracyChanged(Sensor s, int accuracy) {}

e

« Thread for contrel robot in mede manual control and leveling
x/
class runControl extends Thread{

private InputStream is = null;

private outputStream os = null;

// Variables for check time interval between nxt commands
private long systemLastTime = System.currentTimeMillis() + 100;
private long elapsedSinceNXTCommand = 0;

public static final int UPDATE_TIME = 300;

// Sensor past coerds values
private double lastX = 0;
private double lasty = ;
private double lastSpeed = 0;

// Motors

public static final byte MOTOR_B
public static final byte MOTOR_C
NXTCommands nxtCommands;

Motor motorB = null;

Motor motorC = null;

0x01;
0x02;

// Lever arm offset (m)

public static final double [ = 0.02Z5;

// Plate size (center of the plate to point connecting lever arm) (m)
public static final double L. = 0.045;

// ¢lass thread constructor

public runcCentrel (InputsStream inputStream, OutputStream outputsStream){
this.is = inputStream;
this.os = outputsStream;
// ecreate new cbject for NXTCommands with is os of connected robot
nxtCommands = new NXTCommands(is, os);
// Play tone on nxt robot
nxtCommands.playTone( 784, 500 };

// Create vbjects for 2 motors, seb streams of connected nxt,
// reset angle and set speed of motors
motorE = new Motor (MOTOR_B);
motorC = new Motor (MOTOR_C);
motorB.setStreams (is, os);
motord.setStreams (18, os);
motorB. resetTachoCount ();
motorcC.resetTachoCount () ;
motorB.setSpeed (120);
motorc.setSpeed (120);

1

public void run() {
while (activeThread) |{
updateTime () ;
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b

/718 1t time to update motor movement?
if (elapsedSinceNXTCommand > UPDATE_TIME) {
elapsedSinceNXTCommand = 0;
if (mode == MODE_MANUAL_CONTROL && maxSpeed!= 0 && maxAngle!=0) {
S/ Eis mises molres tou sensora na strefetal o kinhthras
double newX = sensorX/2;
// tis mises moires tou sensora na strefetal o kinhthras,
// (=) gila na strefetal sthn antitheth pleyra
double newY = —sensor¥/2;

// set limit angles

if (newX > maxAngle)
new¥ = maxAngle;

else if (newX < —maxAngle)
newx = -maxAngle;

if (newY > maxAngle)
newY = maxAngle;

else if(newY < —maxAngle)
newY = -maxiAngle;

if (Math.abs (maxSpeed-lastSpeed) > 0 ){
motorB.setsSpeed (maxSpeed) ;
motorC.setSpeed (maxSpeed) ;

lastSpeed = maxSpeed;
}
// angle changed
if (Math.abs (newX-lastX) > 0 ){
// set motor speed
// rotate to angle of the mobile (orientation)
motorB.rotateToReal ( (ink) (newX), true);
}
if (Math.abs (newY-lastY) > 0 ){
// 1if changed orientation on x axis
motorC.rotateToReal ( (int) (newY), true);
}
lastX = newX;
lastY = newY;

telse if (mode == MODE_LEVELING) {
double newX = sensor;
double newY = sensorY;

// rotate to opposite direction
motorB.rotateToReal | (int) (-Math.round (newX+L/D) ), true);
motorC.rotateToReal ( (int) (Math.round(newY+L/D)), false);

// walt for the reset motors angles
try { Thread.sleep(100); } catch (InterruptedException e) {}
motorB, resetTachoCount () ;
motorC, resetTachoCount () ;
1
1
}

private wvoid updateTime() {

long systemilowTime = System.currentTimeMillis();

// Do nothing 1Ff mLastTime is in the Future.
/7 This allows to delay the start
if (systemLastTime > systemNowTime)

return;

long elapsed = systemNowTime - systemLastTime;
elapsedSinceNXTCommand += elapsed;
systemLastTime = systemNowTime;
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Lk
= Called when progress/seekbar changed and set maxSpeed and maxAngle values

®/
public woid onProgressChanged (SeekBar seekBar, int progress, boolean fromUser)
{
switch (seekBar.getId()){
case R.id.sbsSpeed:
// MaxSpeed range 30-130 and 0
if (progress==0)
maxSpeed = progress;
else
maxSpeed = progress+30;
tvSpeed.setText ("Select max motors speed ("+maxSpeed+" degree/sec)");
break;
case R.id.sbAngle:
S/MaxAngle range 0-25
maxAngle = progress/4;
tvAngle.setText ("Select max motors angle ("+maxAngle+" degree)");
break;

public wvoid onStartTrackingTouch (SeekBar seekBar) {}

public void onsStepTrackingTouch (SeekBar seekBar) {}

Fohhdhh kb h kA kA RN A RNk Dbk Ak Ak kA

# FOR AUTQ CONTROL - QPENCY CAMERA

s 3 ok ok ok Sk ok ok ok S gk o b o oF ok ok b oF ok ok ok o ok ok o ok o o ok o o ok ok ok b b b ok b b b
private BaseLoaderCallback openCVCallBack = new BaseLoaderCallback(this) {

@override

public void onManagerConnected (int status) {

switech (status) {
case LoaderCallbackInterface.SUCCESS:
Log.1 (TAG, "OpenCV loaded successfully");

try { // Create and set View
autoControlView = new AutoControlView(mAppContext, socket.getInputStream
()}, socket.getOutputStream());
} catch (IOException e) |
Log.e(TAG, "Failed in onManagerConnected() [" + e.getMessage() + "]");
}
getContentView (autoControlView);
// Check native oOpenCV camera
if( lautoControlView.openCamera() ) {
Toast.makeText (Main.this, "Can't open camera!", Toast.LENGTH_LONG).show
()

finish();
}
break;
default:
super.onManagerConnected (status) ;
break;

i
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Motor.java
package com.ucg.ballplateproject;
T
+ O kwdlikas perlexel kapola kommatia apo tis entoles lejos
7

+ (java entol
’

ey

gia to NXT)

import java.io.InputStream;
import java.io.OutputStream;
import android.util.Log;

public class Motor {
private byte motor;
private byte power;
private byte mode;
private byte regulaticnMode;
private byte turnRatioc;
private byte runstate;

private NXTCommands nxtCommands;
private InputStream is = null;
private OutputStream os = null;
private int myTachoCount;

int countForUpdateTacho;

public Motor (byte motor) {
this.motor = motor;
this.power = 80; // B80% power by default.
// Brake mode and regulatien default
this.mode = (byte) (NXTFrotocol.BRRKE + NXTProteccol .REGULATED);
this.requlationMode = NXTProtocol .REGULATION_MODE_IDLE;
this.turnRatio = 0;
this.runState = NXTProtocol .MOTOR_RUN_STATE_IDLE;
myTachoCount = 0;
countForUpdateTacho = 5;

}

public void setStreams (InputStream inputStream, OutputStream outputStream) {
this.is = inputstream;
this.os = outputStream;
nxtCommands = new NXTCommands(is, os);

}

SaE

*+ Sets motor speed , in degrees per second; Up to 200 is pc

+ with 8 volts. NOTE: If using LEGD firmware this will cenvert
* the number into peower. %00 = 100% power, 450 = 50% power

* @param speed value 1in degrees/sec

oy
public woid setsSpeed(int speed) {
if (speed > 900 | speed < 0)
return;
speed = (speed + 100) / 200;
this.power = (byte) speed;
}

public int getSpeed() {
return (this.power = 500) / 100;

turns the rotation count for the motor.
return Tachometer count.
*/
public int getTachoCount () {
if (countForUpdateTacho == 0) {
cutputState state = nxtCommands.getOutputState (motor);
countForUpdateTacho = 5;
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Log.e("tacho error"," "+(state.tachoCount—-myTachoCount));
myTachoCount = state.rotationCount;
return state.rotationCount;

telse/
countForUpdateTacho--;
return myTachoCount;

}

}

S

+ Returns the rotation count for the motor.
* (only real rotation)
*= @return Tachometer count.
®/
public int getTachoCountReal () {
ocutputState state = nxtCommands.getOutputState (motor);
return state,rotationCount;
}

S o
# Causes the motor to rotate a certain count. The motor will alse
« backtrack to the desired count when done. NOTE: This method returns
* almost immediately if returnNow = true.
*» @param count Number of counts to rotate motor.
= @param returnNow When true, methed returns before the rotation is complete.
# @return Error value. 0 means succcess.
!x/
public int rotate(long count, boolean returnNow) {
this.runState = NXTProtocol.MOTOR_RUN_STATE_RUNNING;

myTachoCount = myTachoCount + (int)count;
if(count == 0){
return 0;
telse if (count > 0)
nxtCommands . setOutputsState (motor, power, this.mode + NXTProtocol . MOTORCON,
requlationMode, turnRatie, runsState, (int) count);
else
nxtCommands.setoutputstate (motor, (byte) —power, this.mode + NXTProtocol.
MOTORON, regulationMode, turnRatie, runState, (int) -count);

if (returnNow)
return 0;

else |
S/ Check if mode is moving until done
while (isMoving()) {

Thread.yield();

}
return 0;

}

}

public boolean isMoving() |
OutputState os = nxtCommands.getCutputsState (motor);
return os.runState != NXTProtocol .MOTOR_RUN_STATE_IDLE;
}

e
= Rotates to a desired tachc ceount. Does not return upntil

# rotation done. Note: The tachocount can net be reset to zero.
* @param target
1’/

public int rotateTo(long target) {
return rotateTo(target, false);

}

Fars

+ Rotates to a desired tacho count. Returns befere the rotation
« is done if you include trus as the argument.

* @param target
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b

+/

public int rotateTo(long target, boolean returnitow) {
int tachometer = this.getTachoCount();
return rotate (target-tachometer, returnNow);

cho count. Returns before the rotation is done if you

# Gparam_tarqet
*/
public int rotateToReal (long target, boelean returnlow) {
int tachometer = this.getTachoCountReal ();
return rotate (target-tachometer, returnNow);
}

« Resets the rotation counter to zero.

public void resetTachoCount () {
nxtCommands.resetMotorPosition (this.motor, false);
myTachoCount = 0;

}
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NXTCommands.java

package com.ucg.ballplateproject;

Sk

+# 0 kwdikas periexei kapoia kommatia apo tis entoles lejos
» (java entoles gia to NXT)

*/

import java.io.IOException;
import java.io.InputStream;
import java.io.OutputStream;

import android.util.Log;
public class NXTCommands implements NXTProtocol |
private InputStream is = null;

private OQutputStream os = null;

/S Constracter

publie NXTCommands (InputStream inputStream, OutputStream outputStream){

this.is = inputStream;
this.os = outputStream;
}

T
* @param port - Output port (0 - Z or OUxFF for all three)
@param power — Sétpeoint fer power, (—100 teo 100)

%

This parameter is a bitfield, so to put it in brake mode and
regulated, use BRAKEMODE + REGULATED

@param regulationMode - see NXTProtocol for enumerations
Bparam turnRatio — Need two metors? (—100 te 100)

@param runState - see NXTProtocel for enumerations

5 % % % ¥

=/ [/ ">>>" mh proshmasmenh dexia metatopish

@param mode - Setting the modes MOTORON, BRAKE, and/or REGULATED.

@param tacholLimit — Number of degrees(?) to rotate before stopping.

public void setoOutputState(int port, byte power, int mode, int regulationMode,

int turnRatio, int runsState, int tacholimit) {
byte[] request = {
DIRECT_COMMAND_NOREPLY,
SET_OUTPUT_STATE,
(byte) port, power,
(byte) mode,
(byte) regulationMode,
(byte) turnRatio,
(byte) runstate,
(byte) tachoLimit,
(byte) (tacheLimit >>> 8),
(byte) (tachoLimit >>> 16),
{byte) (tachoLimit >>> 24) };
sendbata (request);
'

S
+ Retrieves the current output state for a port.

« @param port — 0 to 2

* @return OutputState - returns a container
= object for output state variables.
*/

public OutputState getOutputState (byte port) {
byte[] request = { DIRECT_ COMMAND REPLY, GET_OUTPUT_STATE, port
byte|] reply = sendData(request);

OutputState outputState = new OutputState (port);
outputState.status = reply[4];
outputState.outputPort = reply[5];
outputState.power = reply[6];

outputState.mode = reply[7];
outputState.regulationMode = reply[8];
outputState.turnRatio = reply[9];

bi




68
69

70

71

73
T4
75
16
77
78
19
80
81
82
83
B4
85

86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
108
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

92 Kegaiaw B'. IInyaiog kmdukag e EQappoyns

cutputsState.runstate = reply[10];

outputState.tacholLimit = (OxFF & reply[11]) | ((OxFF & reply[12]) << 8) | ((0
XFF & reply[13]) << 16) | ((OxFF & reply([14]) << 24);

outputState.tachoCount = (0xFF & reply[15]) | ((0OxFF & reply[16]) << 8) | ((O
XFF & reply([17]) << 16) | ((OXFF & reply[18]) << 24);

outputState.blockTachoCount = (OXFF & reply[19]) | ((OxFF & reply[20]) << 8)

((OXFF & reply[21]) << 16) | ((0OXFF & reply[22]) << 24);

outputState.rotationCount = (OXFF & reply[23]1) | ((0xFF & reply[24]) << 8) |
((OXFF & reply[25]) << 16) | ((OXFF & reply[26]) << 24);

return outputsState;

}

Sk
*+ Resets either RotatienCount or BleckTacho
+ @param port Qutput port (0-2)
+ @param relative TRUE: BlockTacho, FALSE: RotationCount
1-/!
public void resetMotorPosition(int port; boolean relative) ({
byte boolVal = 0;
if (relatiwve)
boolVal = (byte) OxFF;
byte[] request = { DIRECT COMMAND_ NOREPLY, RESET_MOTOR_POSITION, (byte) port,
boolval };
sendData (request);
}

S ek
» Plays a tone on NXT speaker. If a new ton
+ tone is playing, the new tone command wil
+ @param frequency - 100 to 200072
*+ @param duration — In milliseconds.
* @return — Returns true if command worked, false if it failed.
*
public void playTone (int frequency, int duration) ({
byte[] request = {
DIRECT_COMMAND NOREPLY,
PLAY_TONE,
(byte) frequency,
(byte) (frequency >>> 8),
(byte) duration,
(byte) (duration >>> 8) };
sendData (request) ;
b

t while the previous
stop the old tone command.

b=

Joe#
*+ Method to read response data
+ @return response from nxt (with LSE, MSE)
* 7
public byte[] readData() {
// max 64 Bytes +LSE,MSE
byte|] buffer = new byte[&6];
int numBytes;

try {
numBytes = is.read(buffer);

} eatch (ICExzception e) {
Log.e("readData", "Read failed.", e);
throw new RuntimeException(e);

}

byte[] result = new byte[numBytes];
for (int i

result[i]
¥

0; 1 < numBytes; i++) {
buffer(i];

return result;




143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159

93

P

» Method to send request to NXT and return verification
= @param request to nxt (without LSB, MSB)
* @return response from nxt (with LSB, MSBj
./
public byte[] sendData (byte[] request) {
int lsb = request.length;
int msb = request.length >>> 8;
byte verify(] = null;

try |

Thread.sleep (30);

os.write( (byte) lsb);

os.write( (byte) msb);
os.Write(request);

catch (IOException e) {

Log.e ("sendData", "Write failed.", e);
throw new RuntimeBException(e);

} ecatech (InterruptedException e) {}

if (request 0] == DIRECT_COMMAND_REPLY){
byte[] reply = readData();
verify = reply;

}

return verify;

result.
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NXTProtocol.java

package com.ucg.ballplateproject;

public interface NXTProtocol {
+ NXT Protocol - LCP Commands (only needed)

*

// Command types constants. Indicates type of packet being sent or

public static byte DIRECT COMMAND REPLY = 0x00;
public static byte REPLY_COMMAND = 0x0Z;
public static byte DIRECT_COMMAND_NOREPLY = (byte) 0x80; // Avoids

latency

S Direct Commands

public static byte PLAY_TONE = 0x03;

public static byte SET _OUTPUT_STATE 0x04;
public static byte GET OUTPUT_STATE 0x06;
public static byte RESET_MOTOR_POSITION = Ox0A;

i Qutput state constants

// Mode:

public static byte MOTORON = 0x01; //Tu fied motor
public statiec byte BRAKE = 0x02; //U 2k of run/fl
public static byte REGULATED = 0x04;//Turns on the regulation

// Regulation Mode:

public static byte REGULATION_MODE_IDLE = 0x00; /No regulation
enabled

public static byte REGULATION_MODE_MOTOR_SPEED = 0x0l; //Power con

enabled on specified output

received.

100ms

ocat in PWM

will be

trol will

be

public static byte REGULATION_MODE_MOTOR_SYNC = 0x02; //Synchronization will be

enabled (Needs enabled on two cutput)

// RunState:

public static byte MOTOR_RUN_STATE IDLE = Ox00; flfoutput wi
public static byte MOTOR_RUN_STATE_RAMPUP = 0x10; //0utput
public static byte MOTOR_RUN_STATE RUNNING = 0x20; //0utput
publie static byte MOTOR_RUN_STATE_RAMPDOWN = 0x40; //outpuc will

mp—up
running
ramp—down
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OutputState.java

package com.ucg.ballplateproiject;

public class cutputState |
/s Status of the NXTCommand.getOQutputsState command.

b

public byte status;

// (Range: 0 to 2)
public byte ocutputPort;
A4 =100 to 100

public byte power;

public byte mode;

public byte regulationMode;

A =100 to 100

public byte turnRatio;

public byte runsState;

// Current limit on a movement in progress, if
public long tachoLimit;

// Internal count. Number of counts since last
public int tachoCount;

// current positien relativ
public int blockTachoCount;
/4 Ccurrent position relative to last reset of

public int rotationCount;

il
rt
O

‘o

ogramme

public CutputState (int port) {
outputPort = (byte) port;
}

any

reset of the motor counter

d movement

the rotacion

Sensor

for motoer
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Splash.java

package com.ucg.ballplateproject;

import android.app.Activity;

import android.content.Intent;

import android.os.Bundle;

import android.view.View;

import android.view.Window;

import android.view.View.OnClickListener;
import android.widget.Button;

public class Splash extends Activity implements OnClickListener({

private Button bARuteControl;
private Button bManualControl;
private Button bZbout;

private Button bLeveling;

Boverride

protected woid onCrezte (Bundle savedInstancesState) |
super.onCreate (savedInstanceState);
// Remove window title
getWindow () . requestFeature (Window.FEATURE NO TITLE);

setContentView (R.layout.splash);
// Initialize buttens

bleveling = (Button) findViewById(R.id.bLeveling);
bleveling.setonClickListener(this);

bAutoControl = (Button)findViewBylId(R.id.bAutoContreol);
bautoControl.setonClickListener(this);
bManualControl = (Button)findvViewById(R.id.bManualControl);

bManualControl.setOnClickListener (this);
babout = (Button)findViewByld(R.id.bAbout);
bAbout .setonClickListener (this);

}

// Set buttons events
public woid onClick (View v) {
switch(v.getId()){
case R.id.bAbout:
Intent intentAbout = new Intent (this, About.class);
startActivity (intentAbout);
break;
case R.id.bARutoControl:
Intent intentMainA = new Intent (this, Main.class);
intentMainA.putExtra("control", "auto");
startActivity(intentMainA);
break;
case R.id.bManualControl:
Intent intentMainM = new Intent (this, Main.class);
intentMainM.putExtra ("control®, "manual");
startActivity(intentMainM);
break;
case R.id.bLeveling:
Intent intentMainl, = new Intent (this, Main.class);
intentMainL.putExtra("control®, "leveling");
startActivity(intentMainL);
break;
b
}
}




IMapaptnpa I

I'pa¢dp1ko nepiBaidov xpriotn tng

£EPappoyng

To ypagko riep1B8adAov xprjotn (Graphical User Interface - GUI) g
edpappoyng rmov SnpoupyninKe yla 10 oUoTa autopaiou EAEYX0U
o¢aipag oe AdKa.

Ball Plate Project

Leveling

Auto Control
CAMERA

Manual Control
ACCELEROMETER

About

Bynpa I'.1: Kevrpuco Activity
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sensor X: -8.0 sensor Y: 1.0

Zynua I'.2: Asuovpyia Leveling



98 Kegaiaio I''. I'paguko wgpi6aililov xpnomn mg e@appuoyng

L Jo B ﬁ Bz .[II g 15:35 B "" & 1459

© Select max motors speed (S

Select max n

sensor X: -4.0 sensorY: 3.0

Eynpa I''.3: Acuovpyia Auto Control Eynpa I’ .4: Acwovpyia Manual Con-
(Camera) trol (Accelerometer)

= il & 1a:56

Eynua I'.5: Zycukad pe mv spappoyn



IMapaptnpa A’

TeXVIKA XYAPAKTNPLOTLKA TOU
Lego Mindstorms

To oet Lego Mindstorms NXT 2.0 amotedeitat antd ta IntelligentBrick, 4
atodnpeg, 3 oepbo-kivn)peg, 7 kadodia RJ12, kat 600 diagopa
roppaua Lego.

Ene€epyaotng ARM?7, 32 bit
RAM 64 KB
Mvhjun FLASH, 256 KB
M1kpoeAeyKTNg AVR, 8 bit
08dvn LCD, 100 x 64 pixels, aoripdpauvpn
Communication Bluetooth ka1 xaA®dio USB

Hivaxag A’.1: Teyvika yapaxinpiotika tou IntelligentBrick

ErmutAéov €xet 4 xouprmd yia adAnAeniibpaorn pe to brick, éva nxelo, 4
9upeg e10660uU yia toug alobnupeg kat 3 Jupeg £§660u ya toug
oepBo-rivnpeg. Ot atoBnu)peg Kat o1 oepBo-KIvNTPEG EMTIKOIVOVOUV 1E TO
brick pe kadodia RJ12, ta orola eival mapdpoa pe ta kadodia mAspovou
RJ11 . Ot aiobnmpeg eivat ot €€Ag: €vag atobnurpag vriepnxov (Ultrasonic
Sensor), ¢vag atoBnu)pag Xpopatog (Color Sensor) kat §Uo atobnupeg
a¢ng (Touch Sensors)[47, 48].
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IMapaptnpa E’

TeXVIKA XAPAKTINPLOTIKA TG
K1V Ti¢ oUoKeUunG Smartphone

Agttoupykd Zuotnpa

Android OS, v2.3.3 (Froyo)

Chipset Qualcomm MSM7227
CPU ARM 11, 600 MHz
GPU Adreno 200
RAM 512 MB
Sensors Accelerometer, proximity, compass
0066vn 086vn a¢prig TFT, 256K colors, 320 x 480 pixels, 3.2 inches
Camera 3.15 MP
Video VGA, 18fps
Bluetooth v2.1 with A2DP
Aaotaoeig 113.5 x 59 x 13.3 mm
Bapog 129 ¢

Hivaxag E.1: Teyvika yapakinpiomra g kivnine ovokeuric Smartphone [49]
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