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Hepiinyn

To GpBpo avTd AVOPEPETAL GTOVG VIOAOYIGTEG LOPPNG KAPTOS KO YOUNAOD KOGTOVGE, OV LIE TO.
TPOTEPNLATA TOVG, OTMG TO YOUUNAO KOGTOG 0yopds Kat 1 omovsio fAafdv, diekdikodv evepyod
POAO OTN ONUEPWVY EAANVIKY] TPOUYHOTIKOTNTA, TOLAGYoTov oty Ilpmtofddua Kot
Agvtepofaba ekmaidevon. Ilpoteivovtor dvvatég ypnoelg kot Tpdmot EVia&ng Tovg oTo
ooAKo mepIdrdov, Kupimg oe oyéon He to gpyactiplo ITinpopopikng. Tlapovcialetor pia
KOVOTOWO AVGT EPUPLOYG TOVG 6 gpyacTnplo [TAnpoeopikig oyoieiov, n cupforn g oty
vrootPEN padnudtov oe Tpoypatikd SaKTiKo TepPoriov, KabMg Kal anoTeAéopato amd
TNV ToAvunvn Aettovpyia Tov pyactnpiov avtov. Téhog, mapatiBevral TpoTdoels yia T xpnon
TOVG Kol o€ VAomoinom epappoymv Physical Computing. IIiotedovpe, £X0VTOG T Kot oTotyeia
péca amd v mpdcn, 6Tt n ved dpovg XPNOoN TETOLWV GUOTNUAT®V UTOPEL v EVIoYDGEL TO
SBOKTAPLO € VIOAOYIOTIKO EOTAIGHO, MoTE Vo avtaneEédel oTig onuepveg avaykeg Néwv
Teyvoloylmv.

AéEarc kheord: Zyoiwod Epyaotipro [Tinpoeopiknic, Kawvotoueg Exnodevtucég Ipaxtikés,
Avouytég Teyvoloyieg, YmoAoyiotég Kaprtag, Physical Computing, Raspberry Pi

1. Eicaywyn

Am6 10 2000 ko petd, ta oyoreia g AgvtepoPdduiag Exnaidevong eComiiotnkay pe
EPYOOTHPLO LTOAOYIGTOV KVPiog pécm tpoypappdtov e E.E. H oyediaon avtodv tov
gpyootnpiov mpoéfiene cuvnbmg VITOAOYIOTIKO E0TAMOUO GUVOESEUEVO GE TOTIKO
OikTvo, €fumnpPeTNTNG Kot LTOAOYIOTEG TEAATEG, KOOMG Kot dikTvokd €£omTAMGUO
dtaovvdeong oto Tlavelivio Zyohkd Aiktvo (ILE.A.) kot pécw avtov, Tpocfocng
oto Awadiktvo. Ta epyastiplo avTd, GLYVE VINPETMOVTOS T AOYIKT] TOV OVTOVOLOV
EPYOOTNPIOL, EPOSAOTNKAV KOl HE TOAAEC GAAEC VANPECieg, OMMG ECWTEPIKO
tayvdpopeio pe avtiotoryo eEuanpetnTy, CLEAVOVTAG TNV TOAVTAOKATNTA TOVG.

To 1oyvpdTEPO oM EMYEIPNLLA VITEP CVTNE TNG APYLTEKTOVIKNG, NTOV 1) AVTOVOIC TOV
EPYOOTNPIOV, YOPOKTNPLOTIKO 1010UTEPD CGMUOVTIKO O EMOYEG OTOL Ol TOYVTNTEG
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oVVOEGNC e TO AladikTvo amobdppuvay T AErTovpyia Kol ETITELECT TOAADY WWW
VINPECIOV. ATO TNV GAAN TAEVLPA, VINPYOV KOl LEWOVEKTAUATA, OT®S: (o) TO LYNAO
KOGTOG, TO OO0 OQPEIAETOL KUPIWG TNV ATOKTNON EUTOPIKMY GLUYVA AOYIGHIKAV, TV
TEPIPUAAOVTOV SIKTOMONG KOl TOV CYETIKMOV AdEIMV Tovg Kot (B) 1 Wwaitepa peydin
TOAVTAOKOTNTO TOV SlAOIKOCIDV GLVTNPNONG Kot avaPdduiong tov epyactnpiov.
‘Eto1, 610 emOpEVA YpOVIK 1 AELTOVPYIL TV EPYOCTNPIOV QVTOV EUEAVICE OVCKOMEG,
TOGO Ao MAEVPAS KAALYNG TOL OKOVOLIKOV KOoToue PAaBdv Kot avaaduiong 6co
Kol amd TAEVPAC OlOYEIPIONG KoL GUVTAPNONG TOVG 0O TO apuddio avOpodTIvVo
duvapkd. Ot vynAEg TEYVIKEG OmaTAOEIS 0md Tov LIevBuvo gpyactnpiov, amd TOVg
teyvikovg tov KE.ITAH.NE.T, and 115 opddec vrootpiEng tov IL.E.A., kabdg kot ot
OVTIGTOLYEG EMUOPPAOCEL, GLUCYETIGTNKAV KOl E0TINGOV GE GUYKEKPIUEVO TPOIOVTA
Aoyiopkov, cuvnmg EPTOPIKE, TO OO0 TPOPAVMG Kol OEV AVIIKOVY GTOV YVMOGIUKO
KOl AELTOVPYIKO YDPO TOL EKTOUOEVTIKOV.

H moAvmhokdtnTo TNG OPYITEKTOVIKNG OUTNG, OV KOl ETVUYE KPITIKNAG amd UEAN NG
EKTOLOEVTIKNG KOWVOTNTOC, LITOGTNPIXONKE KEVTIPIKA KOl ATOPAGIGTNIKE KOTA KOpovg
N enavoiapfovopevn viomoinon g, mBavmg Yot AOYOLG TEYVIKOVS OAAL 10mG Kot
dAhovg. Ilapoéia avtd, ot avemopkeic ToyLTNTEG UETAOONG OEdOUEVODV  TOL
£vooductvov Tov [1.E.A., artioloyovsay v HéEPEL TNV avaykaldtnTd TG, LEYPL TOV, LE
TNV TPO0d0 TV TEYVOLOYIDV ETIKOVAOVING, O TOPAYOVTOS TAYVTNTO GUVOECNG LUE TO
Awdiktvo dpyloe oryd-oryd vo exieinet. TapdAinda, to tedevtaio ypdvia eivar
TOGLPAVES OTL T EPYUGTIPLL SEV AVOVEDVOVTOL KOl OEV GLVINPOVVTOL LE TOVE PLOUOVG
OV TPEMEL, LE KOPLO OTOTELECUO TNV AdLVOAPIN OVTATOKPIONG TOV TOAMLMUEVOL
gEomhopov otig avénuéveg avdaykeg tov padnuatov. ‘Etol onuepa, to oyoAkd
gpyaotipo [IAnpopopikng aroteAovv TAéov Eva TpdPAnua pe dvo dyelg mov emintel
Mon. Ta epyaothiplo. OV KATAPPEOLV, 1 GLVEXNG KOl EMISEWVOVUEVT oduVapio
KGALYNG TOL KOGTOVG OYyOopds GUYXPOVAOV KANOOIK®Y VTOAOYISTIK®V HOVAI®V,
avaPadpiong ToAdIdV VITOAOYIOTOV KOl OTOKATAGTACTG TMV cLyvedV BAafdv Tovg
cuvBétovy T pio TAevpd Tov TpofAnuatog. Tavtoyxpova, N dAin TAELPA TOL e0TIALEL
oTNV ALV VTAV TOV EPYACTNPIOV VO ONUIOVPYNGOVY GLUVOTKEG KATAAANAES Yo
dnpovpykn| epyaoia, 16img yio o pabfpota [IAnpopopikng.

[Ipog v katebBuven OVTILETOTIONG CLTOD TOV TPOPALLATOG EPYETOL VO, CUVEIGPEPEL
N wapodoa EPYACio UE TPOTACELS YPNONG VIOAOYIOTOV "KAPTAG", OTMG LT TOL
Raspberry Pi, petd amd v eumeipio evog £Tovg eQapUoyns Kot HEAETNG L TETOLOG
VAOTOINGNG 6TO GYOAMKO epyacTiplo Tov Sov 'EA Bopwva Attikic.

To apBpo dapbpavetar w¢ e&Ng: v endUEVT EVOTNTA, OVATTOCCOVTOL GYETIKY
Bepnrucd Kot TEXVIKG OEPOTO TG TPOTEWVOUEVIC AVOT|G Y10 AOYOLS TANPOTNTOG. TNV
evotnta Meléty mepintwons meptypa@eTal 1 TAOTIKY] £YKOTAGTACT), AEITOVPYIO KOt
ATOTEAEGUOTO YPNOTG TOV GLYKEKPIUEVOVL GYOAKOD gpyaotnpiov. Téhog, otnv
gvotnra 4, Zoumepdouoto, KOToTieVTal TPOTAGELG GYETIKA LE TN SLVOTOTNTA £VTOENG
TETOL®V GUGTNUATOV GTO, SIOAKTIPLL.
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2. Ocwpntiko-TteyviKo vrofalbpo

2.1 YmoAoy16Tég KAl EAEYKTES KAPTOS

"Evag vroloyiotg "kaptag” (singleboard computer - SBC), anoteAeitor amd éva gviaio
KOKA®UA TOL TTEpAapPdvel OAEG TG Pactkég LOVASESG EVOG VTOAOYIGTIKOD GUGTNHOTOG
og pio Kapta, OmMg HKpoemeepyaotr], WNun, KukAdpato gieodov/eEddov (1/0).
Tétow ovotpate AEITOVPYOHV TOGO O EVOWUOTWUEVE GLOTHUATO OGO KOl MG
GLOTHLOTO CLTOTEADY VIOAOYIOTAOV. Xg avTifeon He avTd, 0l KAUGGIKOL TPOCOTIKOL 1)
01 LIKPODTOLOYIOTES ATOTEAOVVTOL OO TOAAEG AVEEAPTNTES SLOICVVOEDEEVES LOVADEG,
OPYITEKTOVIKY UE TOAAG TAEOVEKTNUATO, ONMG 1 EMEKTACIUOTNTO, OAAGL Kol
petovekTiuaTo, 6mws ot PAAPES, 0 dyKog kol mhava To KOGTOG o cuvaptnon PEPara
LE TNV VTOAOYIGTIKT 15YD.

THUEPQ, M OPYLTEKTOVIKT] TOL VITOAOYIGTH KAPTOC XPTOLLOTOLEITOL GE 10, EVPELD YKL
"GUUTAYOV" NAEKTPOVIKOY GUOKELMV, LE 0 O100d0UEVE TO KIVNTE TNAEP@VE, OAAL
KOl 6€ GALO CLOTHLATO, OTTMOC €ival dtapopotl eAeYKTEC, Yia Tapddetypo o Arduino
(Arduino, 2016) 1} To vrohoyiotikd cvotnua Raspberry Pi - RPi (Raspberry, 2016) pe
T0 omoio kot o acyoAnbovpe otn cuvéyela. TETow VTOAOYIGTIKG GUGTAATA, EXOVV
TOALG TpoTepnpaTa, OM®G &ivor M a&lomotio Agttovpyiag, M oxeddv avumopéia
PraPov, 10 younAidtepo KOHGTOG o€ oYéon HE v TUMKO GUOTNUHO  GAANG
OPYITEKTOVIKAG, N QOPNTOTNTA, 1 YOUNAN KOTAVAAW®GT EVEPYEWNG 7OV TPOGOIVEL
dvvatdtnteg avtovopiag, M KOATOAANAOTNTA oplopévev, Omwg To RPi, va
VTOKATOGTGOVY GE TOAAEC TEPUTTMOELS EVAV TPOGMOTIKO VITOAOYIOTH.

Ol voAoY1oTéC KApTOG Hmopel vo dtabétovy StodAOVg ETIKOVOVING UE TO QVOIKO
KOGO Y10 TNV AVTOAAQYT] ONUATOV PE aucOnTApeg Kot GAAEG LOVADSES, LE TO GUGTN LA
RPi va dwwbéter €va 11010 vosvotnpa, to GPIO. Etot, prmopel va ypnoponombei, pe
70 KOaTaAANA0 Aoylopukd (RPi.GPIO, 2016) kot g eAeykTng HOVAS®Y TOV QUOIKOD
kOGO Yo TNV vAoToinon epopuoydv Physical Computing (PhC), epappoydv dniadn
OV GTOYXEVOVY TNV "emiTEVEN GLVEPYUGING Kol GOVIEST|G TOL PLGIKOV KOGLOV LIE TOV
10e016 Tov vroAoyloty" (O'Sullivan, Tom Igoe, 2014).

2.2 Raspberry PI

Yy vmogvotnta avt] Bo mopabiécovpe cvvomtikd To yopokTnploTikd Tov RPi
(mivaxog 1), Tov gvioydovv ™ B€om yio. TNV VIO Opovg Evtalr TOV GTO GYOAIKO KOl
EKTTOOEVTIKO TTEPIPAAAOV.

To RPi gpeaviomnke to 2012, eved 1o 2016 Ppioketar otnv €kdoomn 3, Raspberry Pi 3
Model B. IIpdxetton yio TANpeG TOAOYIGTIKO GUGTNHO KOt OYL Y10, VOV ATTAO ELEYKTN,
OT®G GAAAL GLGTAUATA, Y10 TAPAdElYHo To Arduino, Yeyovog Tov Tov divel TAinbopa
SVVATOTHTOV Kot Gpo. SLVOTOV XPHOEDMV GTNV EKTALOEVTIKT| Sl0dIKaGiaL.
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IHivarxag 1. Xopoxtnpiotika tov Raspberry Pi 3 Model B

802.11n Wireless LAN Combined 3.5mm audio jack and composite video
Bluetooth 4.1 Camera interface (CSI)

1 GB RAM Display interface (DSI)

4 USB ports Micro SD card slot (now push-pull rather than push-push)
40 GPIO pins VideoCore IV 3D graphics core

Full HDMI port 1.2 GHz 64-bit quad-core ARMv8 CPU

Ethernet port

Xmv kapta SD mov 6éyetar to RPi, eivar dvvatdév vo eykatoctabodv didpopa
Agitovpywcd Zvotipata (AX.), evd eivan eniong duvarn Kot pe gELdyioteg eEopécelc,
N TaVTOYPOVN VITAPEN TOVS, LE SOLVATOTNTA EXIAOYNC EVOG Oltd AVTH KATA TNV EKKIVIOT).
Yuvnbéotepn emhoyn amotelel iomg To Asrtovpyikd cvotnua Raspbian (Raspbian,
2016), pa dwovoun Paciopévn oto Debian Linux. Opwmg dwatifevrar kot ToAld dAla
AX. tpitwv, 6mowg to Ubuntu MATE (https://ubuntu-mate.org/raspberry-pi/), ta
Windows 10 IoT (https://developer.microsoft.com/el-gr/windows/iotW10 IoT), to
PiNet (PiNet, 2016). Yndpyovv axoun 610popes eEEOIKEVUEVESG SIOVOUEG TOV EDKOAOL
petotpémovy to RPi og choto dloelpiong Kol avamapay®yng TOAVUEC®Y, YOV Kot
oy vidlov, onmg to LibreElec, to OSMC, to Volumio, to Happi Game Center.

Meta&d tov mpogykoteoTMUEVOV gpyoleiov avamtuéng Aoylopikod oto AL
Raspbian, dwokpivovtor to mpoypappatiotikd mepipdirovta g Python 2 kot 3, 0
Minecraft Pi (pi.minecraft.net/), to Scratch (https://scratch.mit.edu/), to Wolfram
Mathematica (https://www.wolfram.com/raspberry-pi/). Eivoar oupwg dvvaty n
gykotdotaon Kot dwaktikn aflomoinon pwog mANOmpag epyoleiov  avamTvéng
Aoylopkov, 6mwg to akdAovda:

® Bluel (www.bluej.org/raspberrypi/). Java yia apydptrovg.
® Greenfoot (www.greenfoot.org/). Eicaywyn ©TOV  OVIIKEIWEVOGTPOQON
TPOYPOUUUATIGHO LE Java.
® Ninja IDE (ninja-ide.org/). [lepipdAirov mpoypappaticpov Python.
Squeak Smalltalk (squeak.org/).
® Processing (https://processing.org/). [TepiBaALov TPOYPOUUATIGLOD YPUPIKDV
Yo XPYOT OTNV EKTAIOEVOT).
® Arduino IDE (www.arduino.cc/). [Tepifddiov tpoypappoticpod Arduino.
"Eva 1oyvp6 yapaktnpiotikd tov Raspberry Pi givat to vroovotnuo GPIO, to omoio
mapéyet pa oelpd omd 40 axpodékteg (I/0O pins) yevikod okomov. Amotelel pio QUOIKN
dwovvdeon tov RPi pe 1o eémtepicd mepipdAlov tov, doTE Vo €ivarl duvarth M
AVTANOT/AITOCTOAN TANPOPOPIDOV, HECH CNUATOV, OTO/TPOC TOV TPUYUATIKO KOCLO.
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Yvvenmg 1o RPi pmopei va Aettovpynoel og eEAeYKTNE GAA®V GLGKEVOV 1 asOnThpOV
kol vo vrootnpiel epoppoyés PhC, pe évav 1pdémo  dapopetikd omd Toug
AmAOVOTEPOVG EAEYKTEG, OMMG eival o pikpoeAeyktig Arduino. Tovifoope v
EVOOUOTOUEVT] OLVOTOTNTA TOL Yoo acVpuatn emikowvovie wifi kot bluetooth,
YOPUKTNPLOTIKO OV TOL TPOGOIdEL 10YVPO TAEOVEKTNLO. GTNV DAOTOINGT SIKTLOK®V
Kol S10OIKTVAKDV EQUPLOYDV.

To RPi, ®¢ vTOAOYIGTAG LE TA GUYKEKPIUEVO YAPUKTNPLOTIK(, LITOPEL VO AEITOVPYIOEL
1660 ®¢ ave&aptntn povado (stand-alone) 660 kot va evtaybei o€ [0 opYLTEKTOVIKN
dkTvoL TUTOVL client-server. Xtn dg0TEPT) (LT TEPITTMOT, UTOPEL VO AELTOVPYNGEL EiTE
og thin client, Abon LTSP (www.ltsp.org, www.berryterminal.com) gite wg fat client,
Aoon PiNet pinet.org.uk.

Amd v epedvion tov Raspberry Pi, to 2012, ftav 1d1 co@ng 0 EKTOOEVTIKOG
TPOoavatoAcopds Tov. To pkpd péyeBoc ko m eopntdéttd Tov 10 KOAOIGTOLV
KATOAANAO Y100 EVOOUATOON 6€ KUOE €I00VG POUTOTIKEG 1| YEVIKOTEPO O10OPUCTIKES
apoypoppatiiopeves Katackevés. H ypnomn tov oy eknaidgvon vrootpixdnke kot
ovveyiler pe av&ovopevo pvOuo, pe mOAAEG €pEVVEG Kol TPOTACELS, T Onpovpyio
EQUPUOYDY Yo oyoAgl M| Kot TV petapopd-viomoinon oe RPi vroapyovomv
TPOTAGEDY AAAOV cuoTNUdTOV, Oeg oto (Mrelecintng, Kokkvog, 2012; Aovkdtoc,
Maxpoyidvvng, Mrekeoidtg, 2014), ahAd Kot pe TNV GOOTACT EVEPYDV KOWVOTHTOV
KOl EKTOLOEVTIKAOV OULAS®V YOP® O AvTo.

3. Melétny nepintwong

3.1 H 10éa, mo10g, mote, TS

210 50 I'E.A. BOpova Attikng, 1o Aekéufpio 2015, dnuovpyndnke éva oyolikd
gpyoaotnpo ITAnpogopiknc-Ynoroyiotdv amoteAovdpevo omd otabuovg epyociog
(clients) pe Raspberry Pi 2 kot évav kevipud eévnnpetntn (server) ue K.MLE. évav
ene&epyaotn Intel i3. To gpyastiplo avtd yopaktnpiotnke g Epyactipio Avorytamv
Teyvoloyidv yuo. 600 Kupimwg Adyovs: (o) To GVGTATIKA TOV HEPT], VAKO Kol AOYIGHIKO,
glvar ovolktod kmdika (open source) kot (f) Smuovpyndnke pe TV TPOOTTIKN
VAOTOINONG TOV JOAKTIKOV Kol EEDSIOUKTIKOV dpacTnplotHTeVv Tov Oa grlo&evioet
pe avoiytés teyvoloyies. H mpdtaom mponibe omd tov Opyaviopd EievbBepov
Aoyopkov/Aoyopikod Avoytov Koddwa -EEA/AAK (EEAAAK, 2016), o onolog
¥OpNYNoe 610 GYOAEI0 TO GHVOLO TOV €£OMAGHOD Kot VIOGTAPIEE TV EYKOTAGTAON
KoL TNV apyikn Tov Agttovpyia. Emiong elxe v xabopiotikn cupPoin tov Atgvbovn
tov oyoieiov Avaotdoiov Drmpov. To epyootipo Aertovpynoe TAOTIKA,
vrootpilovrog emapkdg 6Aa o pabnpata ITAnpoeopikng, katd 1o diotnua 1/2016
— 6/2016, evd omotedel TAEOV OVOTOOTAGTO KOUUATL TNg OdackoAiog NG
[TAnpopopkng, TV vmOAOITOV JSpacTnploTHTOV 7Tov oyetiCovior pe TG Néeg
Teyvohoyieg, kKaBmg Kot 6TV LLOGTAPIEN TNG OYOAIKNG KOVOTOUIOC.
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3.2 Avaivon — Lyeoiaon — Yiomoinon

210 014610 TG aVAAVOTG amaLToE®VY damoT@dnKay and tov Opyavicpud EEA/AAK
T, TPOPANUATO AEITOVPYING TV GYOAIKDOV EPYUSTNPIMVY, T OTOIN OTWC TEPLYPAPTKE
glo0ymYIKd oeegilovior oto vrdpyov mAaiclo Asrtovpyiag. Kotaypdoniav emiong
AVAYKEG TOL AMOPPEOVY Ao TN SVVOLIKT PVGT Tov pabfuotog g [IAnpopopikng, M
KupoTEPN 0d TIG OToieg glvar ) avaykn vapéng evog mepaiiovtog mTov Ba Tapéyet
KivnTpo Kot VAIKO 6Tovg pabntég, mote va avoaldBovv dnuiovpyiky TPOTOBOLALQ,
HETATPENOVTAS TOVG Omd  TMOONTIKOVG KOTOVOAMTEG YNOWK®OV TPOIOVI®OV GE
dnpovpyods avTdv.

Metd v avalpmmon mboavov Avcemv Kot v eétacrn duvatdv ETAOYOV, 1M
oyedlaoTikny mpotaorn Paciotnke om ypnon RPi yio tovg otabuodg epyaciog,
Staovvdedepévoug e Evav eEumnpetnty| apyrtektovikig x86. H dvvntikn| dtopdpemon
twv RPi og fat f thin clients, cuvendyetor v avdykn yw v toyOTeEpn dvvatn
gmKovmvio, pe tov g&ummpemti, YU avtd Kot 0 Pacikdg epyactnplakds E0TAMGUOG
ocopuminpodnke pe évo gigabit switch. Amd mhevpdg Aoywouikov, o Eexdbapog
TPOCAVATOAGLOG TPOG TO AVOLYTO AOYIGUIKO, 001 ynoe otny enthoyn| tov Ubuntu Linux
MG TO AELTOLPYIKO GVGTNUA Y10, TOV Server.

Ed® va onueidcovpe 611,  tpocdnkn LTSP naxétov 610 facikd chotnua Tov server
kol n emoyn wog ovpPatig LTSP client éxdoong vy ta RPi, dnuovpyel pa
apyrtektoviky tomov thin-clients. H mpocOnkn maxétmv PiNet ctov server kot m
avtioToyn dwwudpemon tov RPi dnuovpyel apyttextovikn tomov fat-clients. Téhog, 1
gykotdotaon kamowg Linux Stavourg yio ARM enefepyaotés pe yopaKTInploTikod
mopdadetypo o Raspbian, odnyel oe gpyactplo pe avtdvopovg otabuots epyaciog,
OTOV O Server TPOGPEPEL KOVOYPNGTOVG TOPOVG KOl TNV TOALTIKY TPOGPaong. Avtég
NTOV Ol TPELG GYESUOTIKEG TPOTAUCELS OO TAEVPAG OPYLITEKTOVIKNG TOV EPYACTNPIOV, OL
omoieg Kol SOKIUAGTNKAY S10d0YIKA KOTA TNV TAOTIKY Agttovpyia.

H viomoinon tov oyediacuod éywve og 600 @doelg. Apykd, €yKataotddnke oto
OYOAKO epyaaTNPLo 0 £ENG eEomMAo UGG (TTivakoag 2), GUVOIEVLOUEVOG OO TOL OTAPAITTO
TEPLPEPELOKAL.

Q¢ mpot emioyn dokiudotnke m  opyltektoviky thin-clients. Xtov server
gykotootanke Ubuntu 14.04 pe LTSP ka1 otovg otabuovg epyaciog to Berry
Terminal. Xpnowomomfnkav Kot ot 000 KAPTEG OIKTOLOL TOV Server Kot
gvepyomomOnke og avtdév n DHCP vanpesio tpog ta RPi (eikdva 1). Eykatactadnkay,
eniong, epappoyés ypagpeiov Libre Office (LibreOffice, 2016), to mepidiiov
Tpoypoupatiopov Processing, to mepifdiiov mpoypappaticpod Arduino, Aoylopikod
yvw 3D printing, to Aoywouikd Epoptes (http://ts.sch.gr/wiki/Linux/epoptes) kim. To
EPYOOTNPLO AEITOVPYNOE TIAOTIKG GTNV HOPPT OVTN Y10 ¥POVIKO SLAcTnpa 2 Tepimov
Hnvaov.
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IHivaxag 2. ECorhiouos Epyaotnpiov

Server

AiKTVLO

CPU INTEL CORE I3 3.70GHZ

24 PORT GIGABIT ETHERNET SWITCH

RAM 8GB (2X4GB) DDR3 1600MHZ

Xta0poi Epyociog (12)

HDD 1TB 7200.14 SATA3

RASPBERRY PI 2 MODEL B

21 ouvéyeln mpooTédnke oTo server €vag dgvTEPOS GKANPOG OioK0g, OTOV 0moio
gykotaotanke Ubuntu 14.40 pe PiNet, mote va dokipootel n apyrtektovikn fat-
clients. H oaAAayn tov Aettovpyikov oto RPi éywve pe emoveyypaen tov SD kaptdv
Tovg. Mo 6AAN emioyn Ba tav 1 ayopd devtepng SD kaptag ava otadud epyaciog

(ewbva 1).
=
o v

Ubuntu PiNet Server
(standard computer)

Internet Access
(router)

nic2 o

Ethernet switch Ubuntu LTSP Server

(gigabit)

Internet Access
[router)

thin clients
(Raspberry P1)

[standard computer)

Ethemet switch

fat clients (gigabit)

Apyrekrovien thin-client pe dbo kdpreg diktion [Raspberry PI]

Apypektovikn fat-client

Eiwxova 1. Apyitexrovikes Epyootnpiov ue Raspberry Pi

To PiNet amotelel éva Kevrpikd cOoTna dlyeipiong epyactnpiov to onoio Paciletal
oto LTSP, aArd dwapoppdvel ta RPi wc fat clients. Enttpénel epyacieg 0nmg: n palikn
dnuovpyio Aoyaplooudv ypnotav, N polikn evnuépmon tov clients, 6tav aAldlel n
IP tov server kAm., 1 Snuovpyio avTlypde®v ac@AAEiog, 1 CLAAOYN EPYOCIHOV TOV
padntav. Ta RPi ekkivodv péom Tov server Kat 6T cuvéEyelo Aettovpyovv Bacilopeva
GTOVG O1KOVG TOVE VITOAOYIGTIKOVG TOPOVE, UE TANPT TPOSRACT] GTO VAIKO, OTTMG Yo
nmapadetypa to. GPIO pins. Ta dedopéva TV ¥pnoTdV omobnKevovIaL GTO server Kot
ol Aoyoplacpoi chvdeong etvarl Tpopovmg diktvakoi. O server dev TapEYEL VN PEGIES
DHCP c1ovg clients.

To gpyasTplo AELTOVPYNGE QULYDS OTI LOPPT aVTH Yo 000 Tepimov efdouddes. T
ocuvéyeln kamowa amd to. RPi dwopoppobnkay wc aveédptntotr otabuoi epyaciog pe
Raspbian kot Aertovpyncav mapddinia pe tovg PiNet otafuovg, eved 1 dictvokn
APYITEKTOVIKT TOV £pyaoTnpiov dev GAAOEE.

Ag onuelndel TG 01 EYKATACTACELS TOV AVOTEP® AELTOVPYIKMOY GUOTNUATOV KOl Ol
OVTIGTOLYES OLUUOPPAOTELS TOV OIKTVOV OgV OOTEAOVV OMOKAEIGTIKEC ADGELC.



Hpaxtiké *™ CIE2016 55

Kotd 1o diGotnuo ¢ TAOTIKNG TOv Agttovpyiag, To €pyaotnplo @rio&evodoe
neplocoTEPOVg omd 150 pobntéc yu mepiocodtepeg amd 15 dpeg ava efdoudda.
Xopaktnplotikin nTov n vmapén 6 tunpdatov [Hinpoeopikng oty A' 1d&n Tov Zyoieiov
KATd TO OYOAIKO £toc 2015-2016, pe 1 owookaiio tov poabnuotog Epopuoyéc
I npogopixng va. viomoleital arokielotikd 610 Epyaotipio Avoytav Texvoloyiov,
a6 Tov lavovdpilo tov 2016 péypt o T€hog ToV GYOALKOD £TOVG Yio OAQ TO. TUNUATO.
Evdektikd, katd o dtdotnpo autd ot pobntég e A' 1aéng acyoindnkav otnyv Tpdén
pe Oépata 6nmg: (o) evotnta Andiktvo - vAomoinon ce HTMLS, (B) evotnta acpdieia,
- e€doknon omv PGP kpurtoypdonon, (y) vOtnTa TPOoypOopUUATICUOS - EXKOIVOVIM,
pe 1o VAo, péow twv GPIO pins tov RPi. [Tapdiinia, To epyaotipilo prlocévnoe Tig
gpyaoieg g Ouddag I[IAnpopopixns Tov Lyoleiov (pabfuata: C++, Tpoetoacio yuo
tov [Tavedinvio Alayoviepd [IAnpoeopikng), kabmng Kot Tig epyacieg Tov Zyolikod
Hackerspace (xotaokevég pe Arduino, Raspberry Pi, Processing, C, Python)
(Poumodra, 2015). IMopdAinia, €ytve amAoOoTEPN YPNON TOVL E€PYOSTNPiOV, Y®PIC
mpoPfAnuata, oto mhaicto Epevvntikdv Epyocidv, yia epyaciec 6nwg n avalnitnon
TANpoeopl®dV 610 Adiktvo, 1 obviaén kewévav, n dnpovpyio Tapovoidoswv. H
gyypoen tTov podntodv oto tpdypappe e Boving tov Epnpov kot n epyacio tovg
oV Thatedppa efivoi.gr ohokAnpadnke eniong ympic TpofAnuata. Térog, To puabnuo
g Xnueiag I'" tééng Oetikng Katevbuvong die&nybn emavelinupuéva 6to gpyactnpio,
He T xprion Tov Aoyispkov Epoptes.

3.3 Aeirovpyia kou anoteléopato

H ypnion tov Epyaoctpiov Avorytdv Texyvoroyidyv, Katd to mpoavapepbév dtdotnua,
Nrav durtn: e€mABaKTIKA, OOV Agttovpynce o€ avtd to Xyolkd Hackerspace, kot
EVTOG GYOMKOV mpapiov, OOV ¥pNooTomonke Yo TV dlevépyelo T@V Ladnuatov
[TANpo@opIKng, EPELVNTIKDV EPYOCIOV K.4.

Y10 mhaicto Tov XyolkoV Hackerspace ot pobntéc epydotnkav oe évo glevbepo
nmepPariov, emAEyovTag ot 16101 T0 B TOV EPYUCIOV-KATACKELMY TOVE, TO PLOUO
€PYOOIOG TOVG KOl TOVG GLVEPYATEG TOVG. O1 KOTAGKEVEG TV LaONTOV vAOTOMONKOV:

(0) AmoxAetotikd pe yprion Arduino. EvOgikTikd avapEpovle To: dVTOUATO TOTIOTIKO
GUOTNHO, QOTIOTIKO TOV avTdpd ot cuvOnKec Tov TEPIPAALlovToc, pwTevol KHPot
7OV VAOTTOLOVV J1APOPa, EPE, UNYOVIKO ¥EPL TOL OVTILYPAPEL TNV Kivnon avlpdmvov
YEPLOV, LOVGIKOT AKPOSEKTES KO NAEKTPOVIKO TLAVO, oy vidla 6mwg "Simon Says" kot
"Tétpa-Yorid-Xapti", 6mov 10 TPOYPOLLLE TOL VAOTOLEL TIC EQAPUOYES EYEL YPOUPEL
oTNV YA®GGO TPOYPaUIoTIGHOD Tov Arduino.

(B) AmoxAelotikd pe ypnon RPi, 0nmg yio mapdderypo KovedAia moyvidimy arcade,
EQUPLOYYT] DTOAOYIGUOV TNG OVTIOTOOTG TOV AP GE KIVOUUEVO AVTIKEIEVO, OOV TO
TPOYPOLLLLO TTOL VAOTOLEL TIC EPAPLOYEG EXEL YPAPEL OE TPOYPAUUATIOTIKO TEPIPAALOV
7ov Aettovpyei oto RPi (Python, Processing).
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(y) Me Arduino kou RPi, 6mwg yio mapdaoerypo Tpikila, Ultra-Sonic Plane Game,
Movoikd [Totpia, 6mov 0 K®IKAG TOV VAOTOLEL TO YPAPIKO KoL NYNTIKO UEPOG TNG
epappoyng tpéxet oto RPi, oe Processing, evd 1 cuAloyn kot apyikn enegepyocio v
TANPOPOPLOV amd T0 TEPIPAAILOV yivetal oto Arduino.

210 mhaicto Tov padnpatog [IAnpopopikng, ot kotackevég pe Arduino kot Raspberry
Pi fjtav avaykaoTtikd anAo0oTtepes Kol VIayOnKav oG SpactnplotnTes oTIC S1popeg
EVOTNTEG TOV OVOAVTIKOD TPOYPAUpoToc. Kat oTic 000 OUmG TEPUTTAOGELS, 1| TIAOTIKN
xphom tov Epyactypiov Avorytdv Teyvoloyidy NTOV TKOVOTOWTIKY GE TOAD UEYAAO
Babuo. Eaipeon amotélecav ot online €poapuoyég Kol LANPEGIEG WOV OTALTOVV
EMTAYLVOT] YPAPIKDV, YOPOKTNPLOTIKO oL dev vrtdpyet ota RPi 2, mpootébnie dpumg
ota RPi 3 poli pe taydtepo eneepyaotn.

H owaokoiioc TOL  TPOYPOUUATICUOD  Ol0(POp®OY  HOPO®V  (S1OOIKOGTIKOG
apoypoppatiopds pe C kor Python, avrtikellevootpagng mTpoOypPOUUOTIGUOS HE
Processing, mpoypappatiopds Arduino oe Codebender kair oe Arduino IDE)
viomoonke ampockonta. EEaupetid evitapépov mapovstdlovy To VEN EKTAOEVLTIKA
nepBdAlovta mov mepthapPdvoviar ot Poocikny dwavoun tov Raspbian, 6mwg to
Minecraft PI yio v yA®ooa Python (PSF, 2016).

H ewcayoyn tov pedntov oto PhC dtevkodovinke egoipeticd e&ottiog tng vmapéng
v GPIO pins ota RPi. OAot o1 pabntég kot tov 6 tunpdatov Iinpopopikng meg A’
TéENG lyov TN SLVOTOTNTA VO GUVIEGOLV OTAN YELPLOTIPLO OIKNG TOVG KOTACKEVTG GTA
GPIO pins kot va TPOYPAUUATIGOVY TNV EXKOWVOVIK TPOTOTOIDOVTOS SIKO TOVG KMOTKOL
Ty VIS0V, Tov onoio giyav vAomoioel oe Processing katd to A” teTpdunvo. Avto,
MOTE 0 YEPIGUOG TOL TALYVIOOL Vol YiveTal TALOV Omd TO YEPIGTIPLO KL OYL OO TO
mnkTpordylo. To TANB0c Tov HadnTdV, eV AMOTEAEGE OVOCGTUATIKO TOPAYOVTO GE
avt TN OpaoTNPOTNTA, KOOMG dev amaitnOnke emmALOV VTOAOYIGTIKO VAIKO, Yid.
TOPAdElYHo O UIKpoeAeyKTg Arduino kot ot poOnTéC EKPETOAAEDTNKOV TIG
duvaTdTNTEG TOL TOVG TMOPEie 0 1d10¢ 0 otabuog epyaciag RPi. EmumAéov, 1 Betkn
avTOTOKPIoT TOV HadnNToOV dnuodpynce evloppuVIIKY TPOOTTIKN Yio UEALOVTIKES
SWOKTIKEG TaPEUPATELS 0VTOD TOL EI00VG.

Amd mhevphg Owdaktikng pebodoroyiag, mopatnpnOnke mn  devkdivvorn NG
eCaroutkevuévng puoanong oe IKOvomomTiko Padpd oto TAaicto TG oYoAKNG TAENG Kot
o€ oAV peyolvtepo Pabuo oto mhaicto Tov Xyolwkov Hackerspace. Kdéfe pabnng
VAOTO0VGE TO EAAYICTO OMALTOVUEVO OV £0€TE GUVEPYOTIKA O EKTOLOEVTIKOC MG
TOPAOOTED KOl GTI GUVEXELD LITOPOVGE Vo EMEKTODEL e 0dNYO TIG O1KEC TOL 10€€G, Vol
yagel, va Bpet Acelg Kot va Tig vAomomaetl. Tedikd, vo avakaldyetl o 110G VEEG Yo
ToV {010 YVOOELC.

InpovTikn, TéAog, etvar n Omapén g evepyong KovoTnTos avlpOT®V, EKTAULOEVTIKOV
Kot un, yop® omd ta RPi, o1 omoiotl Tpoteivouv 10€€¢, avaKovaVouY KOAES TPOKTIKEG
ka1 Ponbodv omnv emidlvon TEYVIKOV duoKOM®V. ATd TNV TAELPE ToL KaBNyNTH
[TAnpoopikng, amatteitor éva npmto emimedo yvaong tov A.X. Linux kor BéPota
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duabeom Yo avoavEmoT ToL LOONMUATOG E ¥PNOT AvOLYTOD DAIKOD Kol AOYIGUIKOD KOl
He NUIOVPYIKO TPOGUAVOTOAGUO.

4. Xourepdouota Kot TPOTAGEIS

Ot voloyiotég Kaptoc, Onmg to Raspberry Pi, anotehodv évav oyeTikd mpoTdyvmpo
Y1 T0L OEQOUEVO TV EAMNVIKDV GYOAEI®V, TOTO VTOAOYIGTH KOl LITOPovV Vo, EvVTayBovv
VO OPOVG OTO GYOMKO TEPIPAAAOV, UE KADE EQAPLOYN TOVG VO £XEL UELOVEKTILOTA
OAAG KO TAEOVEKTILOTAL.

Ot ovyypageic opopotilopacte €vo JO0KTNPLO0 Ue eAevBepn mpoOGPacn oe mnyég
uéonong, mpdyuo wov Tpotimobétel kot amottel evkoiia TpdoPacng oty TEYVOLOYiD,
€va S100KTNPLO OV Vo S10BETEL TOGO EPYACTNPLL VTOAOYIGTMV OGO KOl VTOAOYIGTEG
"Sradpopov”, tééng kol ewdikdv ypnoewv (apeBéatpa, PiProdnieg). Mo téTown
KOTOVOUY GLOTNUATOV dnuovpyel Bépato mpog emilvon, OTmG elval To KOGTOC, M
@OAoEN, M E€yxopn avoPdaduion, n dwwpbwon Prapadv. Ov cvvnbelg dadikocieg
aroktnong palikod egomiiopov, kvping and to 2000, dev pumopoldV TPOPAVMOG VL
avTOToKPLOOVY OTIG AVAYKES AVTES, KAOMS elval TAEOV PavEPO OTL 01 GYOMKEG LLOVADES
dgV UTOPEGAV VO, AVTIKOTAGTHGOVY TO, TOAMUEVO, GLGTILOTO KOl Vo KOADWoUV £T01
TIG OTOWYEWDOES avaykes TtV padnudtov. I16co pdAilov vo omOKTHoOOULV KOl Vo
SLOHOPOMGOLY VIOAOYIOTIKEG Lovadeg Tov Ba fonbovcav otnv eAevBepn mpdcoPaon
TOV pontdv e myég nabnong Kot 6TV VIoSTHPIEN TNG KOWVOTOUING OTO GYOAEIM.
‘Etol, motevovpe 0Tl ADGES VTOAOYIGTOV KAPTOC, OT®G ofuepa ta Raspberry Pi,
UTOpovV VO AELTOVPYHGOLY TOAD IKOVOTOWTIKG TPOg TNV KatevBuvon tng avorytg
npdSPacng otV TEXVOAOYIN KoL TG TAPOYNG LOEVTIKNG TANPOQOPIKNG EKTOIOELONC.

Mo avodvTikd, €VOEIKTIKEG YPNOES VTOAOYIOTIKOY GLGTNUAT®Y, TOV UTOPOLV Vo
vrootnpytovy kot and Ta RPi og oyolikég povéddeg eivar ot e&ne:

(a) Alaovvoeon e To AladiKTLO Y10 TANPOPAPTOT| EKTAOEVTIKAOV, EMTELEST PACIKMOV
SOIKNTIKAOV EPYACIOV TOV GYOAEIOV, OTMG YO TOPOSELYHO T YPOLUOTEIOKN
vrooTNPIEN, N avaliTnorn Kot GLAALOYN TANPOPOPIOY 0md TOVG HaBNTEG 0T0 TAGiolo
EPYOOIOV 1 LoONUATOV.

(B) AwclOvdeon pe GAAC GLOTHUOTO YO EKTVIMGELS, OVTOAAGYT] LAKOV upeTaéd
gEumnpetnTdV, KoTaveunuévn Aettovpyio 6nwg oe Avoelg LTSP «.4.

(y) Yrootpi&n ddaokariog e VTOAOYIOTH TAENS Kot TPOPOAT SIOAKTIKOV VAIKOV.

(0) Epyactipilo vroroyiotdv, yio v die&oywyn 1060 podnpdtov [TAnpoeopikng 6co
Kot GAA®V Kot avaAoyo, PE TNV TPOHET] TV EKTOIOEVLTIKMV TMV VITOAOIT®Y KAGO®V VOl
YPTCULOTO GOV YNPLOKA EPYOAELD OTN SOAKTIKY TOVS TPAET. AAAMGTE VITAPYEL pia
TANODPA AOYIGUIKDV YEVIKOD 1] EI01KOD GKOTOV KOl EKTALOEVTIKAOV AOYIGUIKMY Y10l TNV
apyrtektovikn Tov ARM enelepyaoctdv kot 10 Aettovpyikd cuatnua Linux, ®ote va,
glval KOAOTTOVTOL Ol TEPLGGOTEPEG PUCIKES OMALTOE OAOV TOV E10IKOTNT®V OO
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mAevpdg opyavmong tov pobnuatodg tove. BéPata, pmopel vo mopotmpndel kou
advvopio EKTEAEOTG KATOIMV AOYIGHIKAOVY, oV Yio mapddetypo faciloviol o€ TpodTLTTA
mov avtikadiotavrol amd dAla, yio mtapddetypo 1 eykatdrewyr Flash epoppoydv ko
avtikataotaon tovg ue HTMLS, 1 av o1 TeYVIKEG TOVE AmALTOELS KUPIMG GE UV,
Eemepvoiv Tig duvatotnteg Tov RPi. Ag onueindel, ®otdc0, 611 TapoHola TpofAnaTe
eppavifovror ovyvotate oTo VIAPYOVIO KAOCGGIKA gpyaotipla, 1iog AdY®
OVETTOPKOVG VNG TV VTOAOYIGTAOV, TAANOTNTAS TOoVg Kot £kdoong A.X. 1 KLMLE.
TOA0L00 TOTTOV.

Ot oY0MKEG HOVADEG TTOV £YOVV TN SLVOTOTNTO OTOKTNONG €VOG "KAOGGIKOL TOHTOV"
ovuyypovov gpyactnpiov ITIAnpopopikng, mpoteivovpe va dnptovpycovy Tapdiinio
KoL Yopig Wiaitepn avéNcn ToV GLVOAIKOD KOGTOVG, £va dEHTEPO EPYUSTNHPLO AVorLy TV
Teyvoloyiv pe Raspberry Pi. To gpyactiplo avtd Ba koivmrret Tig epappoyéc PhC kot
Oo Oomuovpyel eEonpetikéc ovvOnKes PlOUOTIKNG TPOGEYYIONG TOV  SOOKTIKOD
avTikelpévov g [IAnpopopikic kot 6yt LOvo. XNy TePITTMOT OU®S TOL 01 GLVONKEG
AVTEC OEV LILAPYOVV, UE BOGTKN TNV OIKOVOULKT SUVATOTNTO TOTE GUPOG KOl UTOPEL Eva
TETOLO EPYOUCTNPLO VO VIOGTNPIEEL TO OYOAEID, (OC AMOKAEIGTIKO GYOAIKO £PYUCSTIPLO
[TAnpogopikic TOGO G JOIKNTIKEG EpYACieg OGO KoL TN OOAKTIKY| TPAEN. AAA®OTE,
OT®G aVOPEPONKE, VTTAPYEL TETOL0 EPYAGTHPLO KAl AELTOVPYEL o).
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Abstract

This paper focuses on single-board credit-card sized, low-cost computers, which given their
advantages, such as low acquisition and zero maintenance, are efficient and therefore should
play a key role in the Hellenic Primary and Secondary education levels. Our proposal concerns
a series of potential use cases for such computers and methods to integrate them within the
school environment primarily in relation to the Computer Science lab. In addition, we propose
a novel solution for the school's Computer Science lab and the support of classes in a real
educational environment, and present results from its extended evaluation over several months.
Finally, we detail a series of proposals for the use of such computers pertaining to the
implementation of Physical Computing applications. We believe that, in practice, their
appropriate application can improve the computing equipment of the school, enabling it to cope
with the demands of new technologies.

Keywords: School Computer Science lab, Innovative Education practices , Open
Technologies, Single-board credit-card sized computers, Physical Computing, Raspberry Pi



