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N TNYN TPOEAELONG KAt va dtatnpeitan To mapov uivopad. Epotiuata mov apopodv tn ypnon mg
gpyaciog yio KepdooKOTIKO GKOTTO TPEMEL Vo amevdHVOVTAL TPOG TOV GUYYPUPEQ.
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IHepiinyn

YKOMOG TNG GVYKEKPIUEVIC OIMAMUATIKAG EpYOciag elval 0 oxedlooUOg KOl 1) KOTAGKELT
evOC OULGTNUOTOG UETPNOE®V Yo ¥pnon o1o gpyaothipo Buolotpikrg Omntikng Kot
Epappoouévng Blopuoiic. H kataokevn amoteleital and dvo vrocvotipate. To mpdto —
7OV EIVOL ETUPOPTICUEVO UE TNV KATAYPAPT Kol TNV ENEEEPYACIO TOV UETPHOEDMV— TTEPLEYEL
évav aplOud avoAoYIK®OV Kol ynelokov aictntmpov (Beppokpaciog, vypaciog Kot dto&edion
oV GvBpaka), or omoiot erEyyovtan kot mapakoAovbovvtar amd évo pikposheykty 32 bit
apyrrektovikng ARM. To devtepo TuNUa, TOL EYEL GKOTO TO XEIPIGUO TOV UIKPOEAEYKTY], TN
YPOPIKY OTEIKOVIOT] Kol OmoONKEVOT TOV UETPNOEMV KOl TNV ETIKOWVOVIOL UE TOV ¥PNOTN
péom ¢ 00ovng aeng, omaptiletor amd po cvokevn e Agltovpyikd cvomue Android
(ovykekpuévo éva tablet), kabmdg kot v avtictoyyn €popuoyr mov QEPVEL €1¢ TEPAG T
ovykekpiévn Aettovpyia. H dacivdeon-enikovovio Tov 600 VTOGVOTNUATOV ETLTVYYAVETOL
pe m xpnon USB.

A&Eaig khawdid: pukpoeieyktic ARM 32 bit, ADC, I°C, avatoyikég asOntipoc, Android,
006vn aeng, multithreading, AChartEngine, USB On The Go






Abstract

The purpose of this thesis is the design and construction of a measuring system for use in
the Biomedical Optics and Applied Biophysics laboratory. The device consists of two
subsystems. The first part -which is responsible for recording and processing of
measurements- contains a number of analog and digital sensors (measuring temperature,
humidity and carbon dioxide), which are controlled and monitored by a 32 bit ARM
architecture microcontroller. The second part is tasked with the control of the microcontroller,
the graphical display and storage of the sensors measurements, and also communicates with
the user via the touch screen. It consists of a device (tablet) with Android operating system,
and the corresponding application that carries out this task. The communication between the
two subsystems is accomplished using USB protocol.

Key words: microcontroller ARM 32 bit, ADC, I°C, analog sensor, Android, touch screen,
multithreading, AChartEngine, USB On The Go
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Kepaioro 1

Ewayoyn

H mapovoa dimhopatikny epyacio eival LEPOC TNG KATAGKELNC EVOS HETPTTIKOD OPYHAVOL
v to gpyaotiplo Bloiatpikng Ontiknig ko E@appoouévng Biopuokng. To dpyavo avtod €xet
OKOTO 0peVOS TNV Tapotrpnon g petaforng tov CO,, g vypaciog kot g Oepuokpaciog
KOTO TNV €KTEAEON TEPAUATOV GTO EPYACTAPLO KOL OPETEPOV TOV EAEYYO EVOC
meloniekTpikov croyeiov o didtaln yépupag. Ilpokeyévov va emitevyfoldv To TOpATavVm,
YPNOYOTOLOVVTOL KATOL0l avohoYIKol aucOnmpeg kabdC Kot £vag ynelokog Tov EAEYXOVTOL
péow pkpoeieyktn. O ypnomg yepiletor o cLVOAKd ot (ETAEYEL ausONTPES TTPOG
TapakolovBnon, Kataypapel TG UETPNOES KTA.) uéow® ™ 00ovng apng evog tablet mov
ovvdéeTol 6To pIKpoereykT pnéc® USB. To yevikd d1dypappia TG KOTOOKELNG POIVETUL GTO

oyqpo 1.1.

pnoLaksc awobnhpac
vypaoiag/Beppokpaoiog

12C

USE L q
Tablet [@——3| microcontroller |j————— avaloywol atobnripeg

YEQuUpag

avaAoyIKG
aobntrpag co2

Yo 1.1 T'eviké o1aypappo KoTooKELNS

H xotoaokevr| amoteleitar and dvo pépn, 1o avaroykd kor to ynowko. To avaroyikd
acyoleltol pe v oxediaor Kot VAOTOINGT TOV KUKAOUATOV AEITOvpYioS TV acntpov
KOl TNG GUVOEONG TOVG e TOV UIKPoEAEYKTH. To ymeuokd acyoreitar pe v avAamTuEn TOL
AoylopkoD otov pikpogieykn kat to tablet. To avtikeipevo g Tapovoag epyaciag givol to
YNOLIKO LEPOG TNG KOTOOKELNG,

O pkpoegreyktig g epyociog eivor 32 bit tomov ARM. Ilepihapfaver dudpopa
TEPLPEPELOKE VoL oVUVOEST LE AAAa avoroykd 1 ynolokd cvotiuate. O TPoyPALUATICHOS
TOL oTe TANiCLO TNG epyaciag meplopiotnke otn ypnon tov USB yio ) emkowvwvio pe 10
tablet, Tov I°C yio ™V emkowavia pe Tov yneokd caedntipa vypoosiog kat Heppokpaciog
kot tov ADC yia v avdyveoon tov avaloyik®ov cenmpov. O LiKpoeAEYKTNG EMAEYEL TOVG
acntpeg mov Bo mapakorovdel copE®va e eviolég Tov d€xetan omd To tablet uéom tov
USB. Mg tm ypnon g id1ag c0VOECNG OTEAVEL TIC ETPTOELG TOV KATAypAQPEL oto tablet yia
emegepyacio Kol AMEWOVION GTOV XPTOTI.

O apyds oxedlacoc TG EpYaciog MTav Vo KOTookevaotel mAakéta méve oty omoia Ha
Tom00ETOHVTOV O LIKPOEAEYKTNG Kol ot aucOntpeg pali e Ta amapaitnTo KUKADUOTO Yo TNV
Aertovpyia kot TN oHVIEST TV EMUEPOVG oToLyeimv (kpvotaidog [crystal oscillator] yio tov
piKpoereykty, kOokAopo 60pag USB, xvkidpoto tpopodociog owcOntipomv kti.). Adywm
EMewyng ypévov 1M TAOKETO VT OEV KOTOOKEVAGTNKE KOl O TPOYPULUUOTIGUOG TOL
MKPOELEYKTY KaTd TV didpKela TG epyaciag Eywve og éva evaluation board.
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To tablet, mov mephopPdver v 006vn aEN¢ Léc® TG OmolOG EAEYXETAL TO OPYOVO
UETPNONG Kot GEWOVILOVTOL Ol UETPNOELS, EYEL EYKOTECTNUEVO TO AETOVPYIKO CUGTILA
Android. T'o Tovg oKomovg ¢ epyaciog dnuovpyndnke pia epoppoyn (Android app) pe mv
omoio. 0 ¥pNoTNE €wdyel mapouétpovg mov kabopifovv, mpadToV, MOOLE ccOnTAPeg Oa
mopokoAovdel Kot Tov pvbud derypotoAnyiog tovg (ov LEGPYEL M EMAOYN YL TOV
OCLYKEKPIUEVO ooONTNpA) Ko, SELTEPOV, TO YOPOUKTNPIOTIKO OTEIKOVIONG TOV UETPTCEMV.
Emmléov o ypnomng divel ™V €VIOAN Yoo TNV EKKIVOM KOlU TOV TEPUOTIOUO TNG
detypatolnyiag. H gpapuoyn ovolopuBavel Ty OTOGTOAN TOV EVIOAD®V TOV YPNOTH GTO
pikpoereykt) péow tov USB, v AMqyn tov uetpicenv, v emnelepyacia, ™V ypopikn
OVOTOPAGTOGT KoL TV aofNKeVoT| TOVG Yio LEALOVTIKT ¥p1ion.

210, GYNUATO TOL OKOAOVOOVV, TOPOLGIALOVTOL TO KUKAMDUATE TOV UIKPOEAEYKTH KOl TOV
acOnmpov ontwg Bo Kotackevdlovtay TOVE® TN TAAKETO TOL UETPNTIKOD opydvov. O
UIKPOEAEYKTNG S100€Tel v, peydAo aplOud €160dmv Kot €£00@V YioL TNV AELTovPYic. TV
SPOP®V TEPLPEPELOKMDY TOV, OAAA GTO GYNUO CTUEDMVOVTOL LOVO OGEC UOG OTOGYOANGOV
oV epyacio. Avtég eivarl oL ypapupéc mov amattovvTo yio ™ cvvoeon USB, ot ypapuuég SCL
kot SDA yia ) ovvdeon I°C, 1o avaloyiké KavEAoL Yo TV GvayveOoT TV avTicTo oV
acOnmpov kot ot ynokés €€odol yio tov éleyyo tovg. EmumAéov mapovoidlovrtal ta
KUKADOTO. TPOPOSOGIOG TOL WKPOEAEYKT Kol TV ausOntip@v Kot 1) 6GOVEESN TOL TPDOTOL
ue Tov kpvotarro (crystal oscillator).

12
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Kepaiaro 2
USB

2.1 Evooyoym

To USB (Universal Serial Bus) 1 eviaiog oceiplokdg dlaviog eivor évag Tpomog
EMKOWMOVIOG YloL TNV GOVOESN TOV TPOCMOTIKOD VTOAOYIOT] UE TIS TEPLPEPELNKES
NAEKTPOVIKEG GLUOKEVEG. ANUIOVPYHONKE LE GTOXO TNV OVTIKATACTOUOT] TOV TOAMOTEPOV KOl
oAV pebddwv cbvdeong (m.y. oeplakéy/Topdiinieg BOpeg , Bvpa yoo TANKTPOAOYLO 7
movTikl) pe o kown Oleman. EmmAéov otdyeve omv omiomoinom ¢ yxpNoMg
npooc@épovtag duvatotnteg plug-and-play, 1po@odociag TEPPEPEINKDY CLOKELMY YOUNANG
600G KOl OTOdOTIKOTEPT XPTNOT TOV TOP®V TOL VAIKOD TOL VIOA0YloTH (Koviiie DMA,
interrupts). To USB eival acOupetpo mpmtoKoAlo TOTOL master-slave 6mov o master
ovoudletatl vrodoyéag (host) kot o slave cvokevn (device). To Pacikd yopoKTNPIGTIKAE TOV
etvan ta €&

e  Eivor ceiplokd ko 1o, bit petadidovtol e maKETo pe TPMTO TO AyOTEPO
onuavtiko. [pooeépet avrorroyn yewpoyiag (handshaking) kot éheyyo Aabmv yio Tnv
petapopd dedouévav. Emiong o dlaviog ywpiletal og ypovikd mAaicio (frames) péoa
070, 07010, TOTOHETOVVTOL T TAKETO.

e Eivor nut-apeidpopo: O “host” Eekvdel Tig aviorliayéc dedouévav, aild
oVTO PETAPEPOVTOL KOl PO TG 000 TAELPEG TG ovvoeons. H katevBuvon twv
dedopévav opileton pe avapopd otov “host”, IN mpog avtdov kar OUT mpog to
“device”.

e O “host” dwxyepileton to “devices”: Opilel dievBdveelg Yo 66o GuVOEoVTaL
KOl GTOUOTAEL TNV VTOCTNPIEN € G0 ATOCLVOEOVTAL.

e To USB vmootpilel dwyeipton ¢ 1ox00¢ HE YpNoON NG KATAGTOONG
avaotolc (Suspend mode) dtav dev avtaAldccovTot dedopéva.

H apyrextovikr] ovvdeong tov “host” pe ta “devices” givor po KApokot tomoloyio
aotépa (oyua 1.1) . O “host” plikdc kopuPog (root hub) pmopel va emucovovel pe 127
kopPovg to péyloto mov tomobeTovvTaL PEXPL KOL TO TEAEVLTOIO EMimedO TNG TOTMOAOYiOg

dévdpov mov oynpoatiletat. To BaBog Tov dévdpov dev pmopel va vrepPaivetl Tov apBuo 5.

Host

device

device

device

Yympo 2.1 Mepadsrypa tororoyiog USB
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To USB éyxel yvopioel dudpopeg ekddoelg amd v gupdvion tov (1.0,1.1,2.0,3.0,3.1). H
£Kd00™ OV VAOTOLEITOL GTOV LKPOEAEYKTT Ko To tablet givar 1 2.0 kou pio eméktoct avTng,
10 USB On The Go. H éxdoon 2.0 opilel tpeig toydtnreg, tnv Low Speed (1.5 Mbps), v
Full Speed (12 Mbps) ko1 ™ High Speed (480 Mbps). O pikpoekeyktic dev vrootpilet Ty
terevtaia, emopéveog oV epyocia ypnowonoieiton n dgvtepn. To USB On The Go
dnuovpyRdnke y popnNToNC LIOAOYICTEG, Om®G €ivan To, tablets kot ta smartphones, 6wov
VIApYEL avaykn va avarlappdvouy porho “device” oe KATOLEG TEPMTMGELS (T.Y, GUVOEST GE
TPOCHOTIKO VTOAOYIGT) Kot poro “host” oe dAhec (my. obvdeom pe TANKTPOAOYLO 1
EKTUTIMOTH). TNV €PYacia LG opioTnke va ypnoyomombel o pikpoeieyktg ¢ “device” Kot
Tov pdro tov “host” avoalapPdver To tablet.

H emowovio péom pog odvdeong USB umopel va avoivdel og¢ uo otoifa tpidv
oTpOUATOV. TO OVOTEPO GTPOUN OCYOAEITOL e TN OlOYEIPION TOV PODV JEFOUEVOV OO KOt
npog 1o “device” &ite mPOKELTAL Y10 EVIOAEG EAEYYOVL NG GVUVOEONG €ite Yo dedopéva TG
epappoync (m.y. petpnoelg acnmpawv). To uecaio GTpOUE EUTEPIEXEL TNV TANPOPOPiL TV
napopétpmv tov “device”. Bdoel avtdv o “host” kabopilel ta yopakTnPIoTIKG TS GVVIESTG.
To xat®TEPO GTPOUA AVOAAUPBAVEL TNV EQEUPUOYT TOV TOPUTAV®D o€ EMimedo VAKOV. Ta Opla
peta&d 1oV oTpOUATOV eV Eival TAVTO EVAAKPLTE. 0TS B0 QovEl TUPUKATM.

To Aoyopkd mov avamtOyONKe Yo TIC AVAYKES TG epyaciog otnv TAEVPa Tov tablet
(host) aAANAETIOPE UOVO LE TO AVAOTEPO GTPMUA EVD GTNV TAEVPA TOL LkpoeAeyKktY| (device)
aoyoAeital Ko pe 10 pesaio. Ot Agttovpyieg TOV KATMOTEPOV CTPOUATOS EKTEAOVVTOL OO TO
VAKS. 10 LITOAOITO TOV KEQAANIOV TOPoVGLAlETal GLVORTIKG 1 emkowvwvia “host” -“device”
ovA OTPOUO, HE TPOGEYYIOT OO TAVM TPOG TO, KAT® divovtag EUeacT Kupimg oto onueio
IOV EVOLIPEPOVY TTEPIGTOTEPO TNV EPYATIOL.

2.2 Av@)TEPO OTPONL

O poég dedopévav mov avapépdnkav ovopdlovtal coAnves (pipes) otnv opoAioyio. Tov
USB. 'Eva “pipe” eivar pio Aoyikn odvdeon peta&d “host” kou evog dkpov (endpoint) tov
“device” ywo Tnv petdooon tmv dedopévov. Ta “endpoints” givar ydpor pviung oto “device”
mov Aertovpyovv oav buffers. Exel tomobetovvton kot maparappdvovot ta dedopéva omd tov
“host”. H mpoomélacm tovg amd 10 AOYIoUIKO YiveTat pe TN ypron kémowag doung, cvvinbmg
évav mivaxa byte. Opyavdvovtal og Cevydpila yia petddoor mpog tov “host” (IN) kot and tov
“host” (OUT), aAAd dev givor voype@TIK 1 ¥pNon Kot Tov dVo og €va “ pipe”. Avtd Kot
GAAO YOpOKTNPIOTIKA TV “pipes” opilovtal 610 PHesaio GTPOLLO.

Yndpyovv 600 0@V “pipes”:

1. Message pipe: Eivat éva “pipe” mov vrdpyet o€ kébe cvvdeon USB
Kot ovvdéel tov “host” pe to apeidpopo “endpoint” 0 (to omoio vmdapyet
VIoYPEMTIKG o€ kGbe “device”). Méow Tov “message pipe” eykabictotar n
OUVOEDT, EALYYXETOL T KOTAGTOON TNG KOl EMAEYETOL OV TPOCPEPETOL GAAN
Aertovpyia Tov “device”. Ta dedopéva givan outfoeg ( USB requests) and tov
“host” mpog o “device” ka1 n popemn tovg kabopiletar amd To TPWTOKOAAO.

2. Stream pipe: To “pipes” ovtd PETAPEPOLY TNV TANPOPOPIL TNG
epappoync. Ta dedopéva dev Exovv Kabopiopévn popoemn, oA eival ToKETo amd
bytes mov 1 onuacio tovg opiletan amd Vv epapuoyn. Mmopei vo dnpovpyn el
éva. “stream pipe” yu kdBe Cevydpt “endpoints” g ocvokevnc. H katebbovon
TOV givo Tpog tov “host” av ypnoponotel To “endpoint” IN, wpog to “device” av
ypnopomnotei to “endpoint” OUT ko appidpopn av xpnoonotei kot to 50o.
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Y10 oyquo 2.2 wopovoldleTal TO OVATEPO OTIPOUO OTN @don Tng amopibunonc-
Kataypoeng (enumeration). H “enumeration” eivoar m dwdwacio mov Eekwvder pe v
NAEKTPIKT 6OvdeoT “host” -“device”. Mécm Tov “message pipe” KaTaypipovTol TANPOPopieg
v T0 “device” kot eykabiotatol n ovvdeon USB, av avtd eivar duvatd.

Endpoint O

/

Message pipe

Yympa 2.2 To avOTEPO GTPONO 6T OLOOLKOGIC TNG enumeration.

O “message pipe” mapouével EvePYOs 0G0 VITAPYEL 1| GVVIEST] TOPOTL EV YPNCIUOTOIEITAL
omd TNV EQUPUOYN NG epyaciag petd v “enumeration”. o TI¢ avAaykeg TG €QAPUOYNG
ypnoporolovvtol Tpio “stream pipes”. To éva elval ap@idpoLo Yol OTOGTOAN EVIOADY GTOV
UIKPOEAEYKTN Kot Aym UETPNGEMV amd avToV VA TOL dAA S0 €yovv katevBuvo™n TPOC TOV
“host” ka1 ypnolonotodvTaL LOVO Yo AYn UETPNoE®Y. XT0 oynpo 2.3 mapovotdletal To
avatepo otpopa Tov USB katd v Asttovpyio TG EQApLOYNS.

Message pipe

Endpeint 0

Stream pipes

Yypo 2.3 To avOTEPO OTPOUA KOTA TN AEtTOVPYIX TG EQUPROYNC.
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2.3 Meoaio oTpopa.

Ta yopoktnpiotikd evog USB device opilovtar otovg meprypapeic (descriptors). Ot
“descriptors”, 6mmg AEeL KO TO OVOUO. TOVG, TEPLYPAPOVY oToV “host” Ta opaKTNPICTIKA EVOG
“device” ko Tig Artovpyieg mov avtd Tpoceépel. Eivar dopég dedopévav mov Ppiokovral ot
uvnun tov “device”. Ot Bacwkoi Tomor “descriptors” sivar ou Device, Configuration, Interface
kot Endpoint. Avtol akodovBobv o epapyio Baoet g onoiag yivetal N TPOGTEANGT Kot 1|
avdakmon mAnpoeopdv Yo to “device” amd tov “host”. 1o oynuo 2.4 @aivetar ovty 1
epopyio 6T VAoToMONKe GTOV IKPOEAEYKTN.

Dewice
Descriptor

Conrnfiguration
Descriptor

INnterfaces
Descriptor

Endpoint Endpoint Endpoint
Descriptor 1 Descriptor 2 Descriptor =3

Yympa 2.4 Iepapyio descriptors ot cvvocon USB ¢ epyaciag.

OMlot o “descriptors” €yovv kowd ta dVo mpoTa MESio TG HopPNc tovg. To mpmdTo
evnuepmvel tov “host” vy to péyebog tov kal To devTEpo TL TOMOC gival. Ta 1daitepa
YOPOKTNPLoTIKE TOL KB TOTOL “descriptor” eival ta eENG:

e  Device Descriptor: Etvat povadikos yua ke “device”. Ilepiéyel mAnpopopieg
vy v €kdoomn USB mov vrootnpilel 1o “device” kot og ma katnyopia (class) avtd
avnkel. Xvvnoiopéveg katnyopieg eivor oo MSD (Mass Storage Device, m.y. usb-
sticks), HID (Human Interface Device, m.y. mAnktporoyo) kot CDC (Communication
Device Class, mpocopoioon aming ceipoxng 6vpog). Av n Aertovpyio USB dev
OVIKEL G€ KATOlL OO VTEG OTMG OTNV TEPITTO®ON NG epyociog pag 1 device class
opiletan wg Wk tov mpounBbevty| (vendor specific). O “Device Descriptor” opilet
aKopa to péyteto péyebog makétov yia to “endpoint” 0, Tov apBuod Tov mpounevty
tov “device” Kot tov mpoidvtog, tov apfud twv “Configuration Descriptors” ko
delktec yio Tovg “String Descriptors”. Ot televtaiot glvar Tpoatpetikol “descriptors”
OV TEPIEYOLV TANPOPOpPiES Yia T “device” 6e Lopen avayvaotun and Tov avipwno.

e  Configuration Descriptor: Ilegpiéxst minpoeopieg v po Agttovpyion mov
mpocpépel To “device”. Mmopel va vtdpyovv TEPIGGOTEPOL TOV EVOG YEVIKA (O)L GTOV
KPOEAEYKTN OV YpnoipomomOnke), aAld povo évag emiéyetar amod tov “host”. Ot
Baocwkéc mAnpopopieg mov €xel givar o apBuog tov “Interfaces” tng Aettovpyiag, n
T mov tov Egyxmpiler amd dArovg “Configuration Descriptors” , av tpogodoteitat
a6 Tov S10VA0 Kat, av vat, TOG0 pevLA YPEBLETaL.

e Interface Descriptor: To “Interface” sivatl o opadoroinon tov “endpoints”
mov emirehobv v Aewtovpyion Tov  “Configuration” mov avhkovv. Kafe
“Configuration” pmopei vo €xel moAld “Interfaces” yio evOAAOKTIKEG EKTELECELS TNG
dlog Asttovpyiog My Topoy] CGAA®V AELITOVPYIDOV TOPUKAUTTOVIOS £TCL TOVG
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TEPLOPIGHONG GYETIKA e Toug “Configuration Descriptors”. O “Interface Descriptor”
mnpopopel tov “host” yio tov apBpd “endpoints” mov ypMoYoOmOlEl KOl TNV
KaTNyopio TOL OVIKEL.

e Endpoint Descriptor: Ot onuavtikotepeg mAnpogopies &vog “Endpoint
Descriptor” eivor n d1e00vvon tov (apOudg 4 bit, emopéveg emrpémoviar 16
“endpoints”), n katevboven tov (IN 1 OUT), Tt tomo “transfer” ypnoyomoriei
(e€nyeiton TopaKdTm) Kot 1O UEYIGTO HEYEDOC TAKETOV TTOL EMITPETEL.

‘Eva. 101aitepo yopaktnpiotikd mov opiletar otov “Endpoint Descriptor” eivar o tomog

petapopdg (transfer) mov ypnoyonoiei To cuykekpiuévo “endpoint”.

H “transfer” eivonl puor akoiovBio amd avioariayéc makétov petald “host” kon “device” M
omoio. Qaivetal eviaio, 6TO AVAOTEPO GTPAOUA (.Y, 1 OTOGTOAN OGS EVTOANG amd To tablet 7
L0 GEIPAG LETPNCEMV OO TOV UIKPOEAEYKTY)).

Yrapyovv téccepelc tomotl “transfers” kot yopilovrar avdioya pe ™ onuoacio, oAl Kot
TNV ENLTPETTN YPOVIKT Kabvotépnon:

1. Control: Xpnowonotodvtal and tov “message pipe” kol uovo omd
avtov. Me avtég o ’host” otédvel Tig Tomikég artioelg (Standard requests) ot
didpkela g “enumeration” yia v eykatdotoon g chHVAEoNC Kot apyoTEPQ Yo
ToV €AEYYO TNC.

2. Interrupt: Xpnoyonolohvtot yio TNV UETAO0ON WKPDV UNVOUATOV.
O ’host” gyyvartot va mapaAddPel To uvVopo HEca og £va YPovIKO S1acTnua Tov
éyer opotel ot dwdikacio g “enumeration”. To Interrupt requests
torofetobvton o ovpd amd to “device” péypic 6tov o “host” va emré€el 1o
“device” ko vo {nthoel dedouéva. TTapdderypo ypHiong owTdV £ivol GUVOLCELC
VITOAOYIGTY L€ TANKTPOAOY1O 1| TOVTIKL.

3. Isochronous: Me avtéc petadidetor mAnpopopio mTEPLOBIKA KOl GE
vynAd pubud. Xpnoionotodvtal Yoo TANPOPOpie Tov e£0PTOVTOL OO TOV
¥pOVOo, Ommg givar Yo mapdderypa uetadoon pong Nyov M Pivteo (real-time audio
N video). Amattodv kabopiopévo pubud petaopdsg  dedopévev  (gbpog
Covng/bandwidth), cvvnbwg to ypnyopdtepo duvatd, sivar mbovd va Eyovv
OTMAEIEG KOL OEV EMTPEMOLV TNV EMOVAANYN NG UETAOOONS O TEPIMTOON
AdBoug .

4. Bulk: Xpnowonowbvtar yioo v petddoon peydhov peyébovg
TANPOPOPIaG TOL ONUIOLPYEITAL GE AKAVOVIGTH YPOVIKE SLOCTHUATO, KOVOVTOG
xpNomn 6Aov tov dwbéotpov bandwidth mov €xel amopgivel, ywpic Opmg va Exovv
gyyomon yw toyxdv kabvotépnon. Awbétovv €leyyxo yw ocpdipata pe CRC
(Kukhkog "Eleyyog ITheovaocpov-Cyclic Redundancy Check) kot  éyovv
eCacpaiiopévn  mapddoon. XPNOOTOoVVTIOL Yo TANPOQopiec mov  Ogv
e€aptdvtal omd To Ypovo

210 6lawro Tov USB vmdpyet o epopyio Katavoung Tov e0pous {dvng 6Toug dipopouvs
tomovg transfers. To 90% ypnoyonoteiton yio Tig Interrupt kou Isochronous xat To vwoAoTo
10% yw tig Control. Av mepiooevetl ympog Kotavépetar ot Bulk. Xmv gpyacia T “stream
pipes” VAOTOLOVVTOL HE TOV TEAELTOHO TOMO YTl TOL SEGOUEVO MG TOPGYOVTOL UE TTOAD

apyovg pubpovg (téén pepwcmv millisecond).
2.4 Kat®Tepo oTpOpa

O1 Aettovpyieg TOV KOTOTEPOL GTPADLLATOG EKTELOVVTAL OO TO VAIKO TV dVO TAELPDOV TG
ovvdeonc. Agv amacyoinoe waitepa v gpyacio yiati ot puOpicel Tov To aPopovv gite
opifovton éupeca omd To avmTeEPA oTPOUATO (.. 0md Tovg descriptors) €ite AVTOUATO [E TOL
YOPOKTNPIOTIKA NG MAEKTPKNG ovvdeong  “host” wor “device”. To vilkd tov USB
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amoteleital Kupimg amd 600 TUANATA, TIG NAEKTPIKEG GUVOEGELS, TO KUKADUOTO TPOGTAGIOG
KoL TPoPodociag Kot £va Aoyiko avtopato, to Serial Interface Engine (SIE).

H nAextpn] ovvdeon tov USB 2.0 amoteAeitan and TEGGEPEL YPAUUES, TNV TAGT] S1OAOL
(VBus), v yeioon (GND), 1o DATA+ (D+) kot to DATA- (D-). To USB OTG npdohece pia

99 ¢¢

axopa, to ID 1 Sense. 1o oyfua 2.5 @aivetor o tomiky obvdeon “host”-“device”. v
TAevpa tov “host” ot akpodéktec D+ ko D- cuvdéovtal pe avtiotoon 15 KQ ot yeioon evod
ot Tevpd tov “device” o évog amd Tovg dVo cuvdéetat e avtiotaon 1.5 KQ ot Veys. Av
awTog eivan 0 akpodékg D- 1 taydTnTa g ovvdeomg ivar Low Speed (1.5 Mbps), aAlidg
eivawr n Full Speed (12 Mbps). ZTov WKPOELEYKTN YPNOWOTOLEITOL U0 OAOKATPOUEVT]
avTioTOO KOl 1) EXA0YT TOLOG 0KPOOEKTNG TNG cLOoKEVTG B cuvdebel otV Vpus yiveton e

™V oAAayn evog bit GTOV KOToY®PNTH TOV TNV EAEYYEL

Vbus

d
Full speed ow spee
1.5K0 KO

HOST DEVICE

Yynpa 2.5 Xovdeon host-device

Ot axpodékteg D+ kar D- ypnoonotodviot yio v petddoon tov bits 6to Kavait Tov
USB. Otav 10 D+ éyet vynAn téon kot 1o D- younin petadideton 1 ko dtav cvpPaivel to
avtifeto petadideton 0.

O axpodéktng ID ypnoiponoteital ya tov opiopd tov “host” otnv apyn g cHvdeong dVO
cvokev@v USB OTG (o1 pohot umopel va avTiotpapodv apyodtepa). Av cuvOEeTal ot yeiwon
(vmodoyn tomov A) opiletarl wc “host” evd av givarl eAevBepn (vodoyr| Thmov B) opiletar mwg
“device”. Emeidn n vmodoyn USB tov tablet eivar tomov B mpoekteivetan pe éva KoAmdlo
(ewéva 2.1) mov cvvoéel to ID ot yeiwon 6mwg eaivetol oto oynpa 2.5.
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Ewova 2.1 Kal®dro host USB On-The-Go.

H nlextpucn obvdeon tov  “host” ko tov “device” 1 “attach event” gvepyomoiei )
dwdkacio tng “enumeration” wov ekteAeitar pe Control transfers. Ot dwadikocieg ovTég
KaOdC Kot 01 VITOLOUTES TTOL GLUPBATVOVY KOTA T AELTOVPYIO TN EPUPLOYNS VAOTOLOVVTOL GTO
eminedo Tov VAoV amo to SIE.

To SIE avoloufdver va yopiost po “transfer” otig cvvaAilayéc (transactions) omd Tig
onoieg amoteleitarl. H “transaction” givat pio akoAovbio makétmv mOV EVIAGOETOL TANPWS GE
éva frame kot Oempeital viaio Y10, T0 KATOTEPO GTPOO, ONAUOT OV OTOTOYEL 1| LETAOOGN
evog TakEToLv emavaiapPavetor ohokAnpT. Amotedeital and tpia pépn. To mokéto EvoelEng
(Token) mov evnpep®dvel yio Tov TOTO NG, TO TokéTo dedopévav (Data) av yperdletar Kat to
TakéTo katdotaong (Status) mov emPePoidverl v emtvyia 1§ oyl g “transaction”.

H SIE extedei Ohec TIg AgLTOLPYiEg TOV APOPOVV TNV petddoon makétov and tov “host”
oo, “endpoints” tov “device” Topéyoviag 161 6T0 OVATEPO oTPOUN EToua To “Pipes”.
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Kepairoro 3

"EAeyyog a160NTpoOV HEGO PIKPOEAEYKTN

3.1 Ieprypar] LIKPOELEYKTI

O uikpogheyktic mov ypnotpomombnke oty epyacio eivor o EFM32 Wonder Gecko
(EFM32WG) ¢ Silicon Labs. O emnefepyootig tov eivar 32 bit tomov ARM. Ot
enelepyaotéc ARM  oakorovBobv v apyrextovik) RISC (Reduced Instruction Set
Computer) n omoio 6e oYéoMN HE GAAOVG TOTOVG OPYLTEKTOVIKNG VAOTOIEL €VOl LUKPOTEPO
oOLVOLO EVTOADV g BeAtioTomomuévn anddoor. O oxedlacpog ovtdg 00NYEl 68 LKPOTEPO
KOGTOG KOl YouUNAOTEPT] KOTAVOA®MON EVEPYELNG Y1 VTO EMIAEYOVTOL VO, YPNCULOTOLOVVTOL GE
(POPNTEC GLOKEVEG TPOPOOOTOVLEVEC 0o umatopio (smartphones, tablets kTA) Kot yevikd €
evoopatouéva (embedded) cuothpara.

O enefepyoomc tov EFM32WG avikel ot cepd eneepyactav ARM Cortex-M mov
oxedaomray yoo pikpogreyktéc. O EFM32WG eivar Cortex-M4F dnladn vrootnpilet
EVTOAEC Yo yNolaky enelepyocio onpotog Kot Tpdéelc pe aptuong Kivntme VoSG TOANG.

O pikpoereyktng EFM32WG ypnotponoleitat Yo Epoproyéc actntipmy, cuetnuatoy
acQOAEiag Kol Plopnyovik@v f owKlak®dv avtopaticudv. H oegpd pkposieyktov EFM
OYEOLAGTNKE LE OTOYO TNV YOUNAN KATUVAA®MOT| EVEPYELNG Y®PIC ™V ueimon g amddoomc.
Av1o emituyydvetal pe TV LETAPAOT KATA TNV AEITOVPYIO TOV LUKPOEAEYKTN OE EVEPYELNKEC
katootdoelg (energy modes) UEWUEVOV OVOYKOV GE oYV OTI Omoie OUmG dgv eival
Swbéoipa ola ta mepipepelakd. H emotpoen omv apyikr energy mode (tnv 0) yiveton pe
interrupt Tov dnpuovPYEl KATOL0 TEPLPEPEINKO.

O enekepyaotg tov EFM32WG Aettovpyel pe toyvmteg 32KHz péypt 48 MHz , éyel 32
KB pviun RAM «xat, oty €kdoomn mov ypnotponotovpe, 256 KB pviun Flash. Xty gwova
3.1 paivovton ta meprpepetakd mov mepiExel o EFM32WG mépa and tov enelepyaotr| Kot v
pvnun. Eriong to ypopa kébe meprpeperakol deiyvel oe moleg evepyelokés KaTaoTdoeLS etvat
TPoGPAcipo.

High Fraq H Freq Voltag Voltage
Elmbeddod
ARM Cortex-M Processor Memory Crystal Osc g-.m': chulz{tcr

IIlal:m-csll

Low Freg Low Freqg Broswn- ot Pcvwer =111
Crystal Osc RC Osc Detector
Almrie e ELLE Utra L ow F Avxiliary
emory erface r'a ow ey Back:
"m Power Elcu-na n

32-bit bus

Timers LE Sensor
B"’Irﬁ ! i Anoeiera'lnr

use

l.qun-ﬂ;y- Real Time

Counter
|“‘“"'"—'If=‘ts Watch mpliier
rler Timer
Pin GPIO

Available down to:
EmMa

En Mode O EM1 Mode 1 E 2 Mode 2 Mode 3 EMd
[=] e
Run Mode Sragleep’ Deerpgéleep St{:prﬂzr Sh

Ewova 3.1 Mleproeperoxa EFM32WG
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To TepuUpepeloKd TOL UIKPOEAEYKT UE TO OmOi0, OOYOANONKAUE GTO TPOYPOUUO TNG
epyaciog eivon o USB (yia v emkovavia pe to tablet), to I°C (y1o v emucowovio, pe tov
ynoewkd owenmpa vypaociog kot Ogpuokpaciog) kot to ADC (yio v aviyveoon
avoAOYIKOV oicntmpov). EmmAéov yio v A&lTovpyia auTOV YPELICTNKE TPOYPOUUATIOUOS
tov toravtotov (RC/crystal oscillators) mwov Tpo@odotodv To. PoAdYlD TOV OlBPOP®V
TEPLPEPEIKDY, TV Bupdv €16000v/e£000V Yevikng ypnong (GPIO) kat twv ypovouétpmv M
HeTpNT®V (timers kot counters).

H etapeio ARM n omoia oyedialel Toug op@VLUOVG emelepyaoTES EXEL ONULOVPYNOEL YO
oV TTPoypappaticpd tovg to potvmo CMSIS (Cortex Microcontroller Software Interface
Standard). To wpoétvmo avtd opilel o KOWN OETAPT TPOYPUUUATIOUOD YO TOLG
pikpoereyktéc Cortex-M ave&opTTog ETAPEING KATOOKEVTG UE GTOYO TNV OIAOTOINoN Kot
EMOVAYPNCIULOTOINON TOL K®OKa. O TPOYPUUUATIGHOS TOV UIKPOEAEYKT] GTNV TapOVCa,
gpyacia &ywve pe ypnon g PProdnkng emlib (energy micro library) n omoio ypnoyLonoiei
0 CMSIS «xot dopeitor 7avm ¢’ avtd. H BipAiodnkn avt npoceépet éva API yio ™ yAdooo
C ue ocvvaptioelg kal douég 0edoUEVMV UE TIG OTOIEG EAEYYOVTOL Ol AELTOLPYIEC Kal Ol
KOTOUYOPNTES TOV SAPOPOV TEPLPEPELOKDY TOV LIKPOEAEYKTH.

H mhateopuo mov ypnopomomOnke yio tov mpoypappaticpid gival to Simplicity Studio.
"Exel onpiovpynOet and v Silicon Labs kot mpoc@épel moAAEG Asttovpyiec yio TNV avdmtuén
EPUPLOYDY OTOVG WiIKpoeAeykTég G Kdamoleg amd ovtég sivor or axdiovbeg:  éva
oAOKANpOUEVO mepPdAlov  avamtoéng (Simplicity  IDE), éva ypogikd mepifdiiov
dnuovpyiag kddko yio v mpoetolpooio (initialization) tov mepipeperaxav (Simplicity
Configurator) «ot dvvatdtreg yo eviomioud opoludtov (debugging). Eniong mepiéyet to
gpyareio energyAware Commander pe 10 0omoio Tpoypoppotiletal 0 UIKPOEAEYKTNG TNG
mAokéTog oyediaong (evaluation board) mov ypnoyloroteitat.

2TOY0G TNG EPYUCIOG NTAV VO TPOYPOLLUATIOTEL O LMKPOEAEYKTNG TAV®D OTNV TANKETO, TTOL
fo katackevoldtov. Emedn dev oAokAnpdbnke, vy TG SOKWESG TOL  TPOYPAULOTOS
ypnoworomdnke to evaluation board mov paivetor otnVy gwova 3.2.

i 28988860688 4
= RESE
EFMI32

g 0I=2
| BURTC 1GH © ) S >
BD 1% mi Y E—
- . \

L| WONDER GECKO o a?*g -4
O marm— v

AgomDDﬂUDBUD

o0
gy iy @,

2
DEGUG LC SENSE

Ewova 3.2 To evaluation board STK3800
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3.2 AveOnmipeg

O WKpOEAEYKTNG CLVOEETOL €ite e YNOLOKOOG &ite pe ovaloyikobg aicOnthipeg. Xtnv
gpyacio ywo TV péTpnomn vypaciog kol Oeppokpaciog ypnowomomdnke o ynelokog
awcOnmpog ChipCap2 (CC2D) g etapeiog Amphenol Advanced Sensors. Avtog
emkowmvel pe Tov pikpogheykty pe pio ovvdeon I°C. H oOvdeon pe Tovg avahoyukolc
atetnmpeg (.. CO,) &ywve péow tov ADC Kot v 8 kavaldv uétpnong mov avtod dlobitet.

3.2.1 Mpotéxorro I°C

To I°C (Inter-Integrated Circuit) eivar évo ap@idpopo oeplakd TpOTOKOALO Yoo TV
EMKOWOVIO, LKPOEAEYKTMV KOl WIKPOETEEEPYUOTMV HE eEMTEPIKO TEPUPEPELOKA TTOL OEV
amatovy oD VYNAEC TayvTTec. Ot TodnTEG TOL VIooTnpilet ivon or Standard-mode (wg
100 Kbps), Fast-mode (¢mg 400 Kbps), Fast-mode Plus (émg 1 Mbps), High-speed mode (§mg
3.4 Mbps) ko Ultra Fast-mode (émg 5 Mbps). Ztnv Aettovpyio pe v péylotn taydTnta n
emkowvavio, yivetar povodpoun. O EFM32WG vrootpilel povo tic tpeig yaunAotepeg
TaywTeg kot 0 CC2D udvo tig dvo mpwtec. H emkowvmvio toug ota mhaiclo g epyaciog
éywe pe ™ Standard-mode. Agv vaipye avaykn peyoldtepng toydTToG Yot 1 petafoin
OTIC PETPAOELS TOV atoOnTpa eivar oyetikd apyh. To kavai I°C amotedeitat amd poévo dvo
ypauués, T osiplakn ypouun dedopévov (serial data line, SDA) yio tnv petddoon tmv bits
KoL T GEpLoKn ypouun poroyov (serial clock line, SCL) yia tov ypovicud.

To TI’C ivan TpotoKoALo TOTOL master-slave mov o master Eekviel Kot TEpRATICEL TIC
UETOPOPEC DEOOUEVOV Kal ToPAYEL To. oNjuaTo Tov poAoytov. O slave pnopei va enépupel otov
ypovioud (otv ypapun SCL) udvo yio va tov dtaxdyet (clock stretching) mote va kepdicet
YPOVO Yo eKTEAEGELS AAAWV epyoactmv. Ektog amd moAlolg slaves 610 KovAail pmopovdv va
etvar ouvdedepévol kat mohroil masters. AGy® oLTOV Kot Yol THV GTOPLYT] GLYKPOVGEWDY TO
TPOTOKOALO ePappolel teyvikég dutnaiog (arbitration) kol GLYXPOVIGLOD poAoyL®dV HETAED
tov masters. Kéfe cvokevn (master 1 slave) mov cuvdéetar 610 kavdl €yel o dievBovon.
O1 drevBbivoelg amodidovrtal amd évav master kot gtvor 7 i) 10 bit. Ta dedopéva petapépovtan
oe popon byte pe petddoor TpdOTO TOL MO CNUAVTIKOD YNeiov. v apyn kdbe petapopds
dedopévav o master otéAvel €va byte pe ) dievbuvon tov slave kot éva bit mov evnuepdvel
av Ba sivar o moumdg (Write) 1 o déktmg (Read) g minpogopiog. Etnv mepintwon
devBivoewv 10 bit ypnowomnotel éva byte axopa yio v dadkacio ov.

Ta Pacikd yeyovota oty emkowmvia 12C kat o1 avTioTolyeg netaPorés Ty Tdon Tov
ypappov SDA kot SCL eaivovtat oty wova 3.3.
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TYPICAL 12C™ WRITE TRANSMISSION (7-BIT ADDRESS)

RW=0
Receiving Address ACK monw.s:o Data ACK Receiving Data ACK

scL 's! 4
# E:oﬁ.o&o >a§b&s%o §L&o
San Clock Clock Clock  Stop

TYPICAL 1°C™ READ TRANSMISSION (7-BIT ADDRESS)

Receiving Address . >nx Transmitting Data NACK - -«
mo>|1/ Sar asX as)Y A a2 YAty '\ (¢ /DTXD6XD5XDaX D2 D2)XD1X00 ) r\..l

J)

Ewoéva 3.3 Metaporéc SCL, SDA katd ) Aerrovpyia 1°C
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Avtd givar ta g€ng:

e  START: H exkivnon piag petapopag dedopévmv. Opiletar omd Tov master pe
petapaon g SDA younid eved 1 SCL givar ynAd.

e STOP :0O teppaticpdc piag petapopdg amd tov master pe petdfoon g SDA
ynAd eved n SCL eivor ynAd.

e DATA : H petédoon evég byte oto xavéi. Metd to START Egkwvdve ot
maApoi Tov poroyov (ypouun SCL). Kdabe bit givar éykvpo dtav n SCL eivor ynid
Kot EMTPENETOL VoL aAAAEEL TIUR GTOV VTH Elval YOUNAGL.

e ADDR + W/R: H petddoon amd tov master g dievbuvong tov slave pe tov
onoio Oa emkowvmvioel pali pe to Write bit (0) | to Read bit (1).

e  ACK: H smpefaioon thg Aqyng evog byte amd tov 6éktn 1 1 andvinon oty
0moGTOAN oG d1evbvvong amd tov slave mov Tov avhkel. MeTh TV HeTAd00oT EVOG
byte o moundc apnver v SDA £tol dote 0 déKtng va emPePoidost 0dNydVTAG TV
YOUNAGL.

e  NACK: H un empePaioon g Aqyng evog byte yivetar pe to va kpotiost
ynAd o déxtg v SDA. Xpnowonotgitol amd tov master kot 7pwv 10 STOP oty
TEPINTOOT OV €IV OEKTNG TOV OEO0UEVOV.

Y10 oynua 3.1 mapovetdleton n Asttovpyio tov I°C oV mepintwon mov o master déyetat
dedopéva, (Le dompo TAaiclo ol evépyeleg Tov Master kot pe podpo tov slave). Avtn givar ko
N MEPITTOON ™G €PYAciog Omov o pkpoeAeyktng (master) Aaufavel Tic LeETPNOELS O TOV
alcOnmpa (slave).

START —=P{ ADDRR

CONTNUE
READING?

STOP ACK

Tymna 3.1 Asvrovpyia 1°C pe Tov master va déyetan dedopéva
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3.2.2 AwsOnmipog CC2D

H ewova 3.4 mapovoidlel tov acbnmpa CC2D pe t1g €160000¢/eEGd0VG TOL Kot TNV
GUVOEGT] TOV LE TOV LIKPOEAEYKTH.

VDD VDD
Rey B I
SCL
SDA uC
GND = (master)
vyDD READY
ALARM_HIGH ALARM_| OW
CCc2D
{slave) 2.2 = Hp, = 1012

2.7 = WDD = 5.5V

Ewéva 3.4 AveOnmiipag ChipCap?2

To pins 3 (SDA) kat 4 (SCL) ypnoomotodvot yio tv emkowovio I°C, 1o 5 eivon 1 téon
nopniva. (Veore), 10 6 1 yeioon (GND), 1o 7 n tdon tpogodociag (VDD). To 2 (READY)
onpatodotel v  Vmapln véag pétpnong (e€nyeitonr  mopokdtw) wor ta pins 1
(ALARM_LOW), 8 (ALARM HIGH) pmopodv va ypnowyomomodv yio. EAeyyo oav m
vypocio mepAcel KAmoleg aKpaies TIEC.

O CC2D pmopet va PBpioketoar e 000 KATAOTAGELS KOTA TNV Agltovpyio. TOL, TNV
katdotaot evtordv (Command Mode) kot tnv Katdotaon petpncemv (Measurement Mode).
H Measurement Mode propei vo givan gite Update Mode eite Sleep Mode. Xtov CC2D mov
ypnowonmombnke eivar mpoemaeypévn n  Update Mode, oniadn poig o aicOntipog
oAOKANpOoel pia pétpnon Eekwvdel v endpevn. Avtifeta ot Sleep Mode o awsOnrtipog
LETPAEL LOVO av AGPEL EVIOAN LE GTOYO TNV YOUNAOTEPT] KATOVAAMOT| EVEPYELOG.

O CC2D oapob &Eexwvnoet va Agttovpyel eoépyetor 610 mapdbvpo evioddv (Command
Window). Avto givat éva ypovikd ddotnue 10ms (1] 3ms av €yel emeyel Fast Startup) o710
onoto o CC2D pmopet av AaPet v evioin Start CM va uret ot Command Mode, aAlidg
av avtd Anget 1 Aafet v evtodn Start NOM unaiver ot Update Mode.

H Command Mode ypnowtonoteitat yio v avayvapion 1 ailayn pvBuicewv tov CC2D
(.. addayf dievBvveng I°C) puéom mg aviyvaong 1 eyypagng pog pviung EEPROM mov
oo meptéyet. Kabe evioly e Command Mode amoteheitat amd v evroli Write tov 1°C,
70 byte-avayvopioTikd g evToAng kot dvo bytes pe ta dedopéva. Etov mivaxa 3.1 gaivovral
ot evtoArég g Command Mode kot 1) teprypagr| kabepudc.
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Command byte (Hex) Heprypoon
0x16 ¢wg OX1F Avdyvoon 0éong pvnung 0x16 émog OX1F
0x56 ¢mg OX5F Eyypooen 0éong puviung 0x16 éwc OX1F
0x80 Start NOM
0xA0 Start_CM

Mivaxag 3.1

Metd, amd kabe eviodn Command Mode pmopel va dobei n evtod Data Fetch (DF) mov
givar 1 eviod) Read tov 1°C. Extéc av éxet 800ei evioln avayvmong 0éone puvipng n DF
ypewdletTorl va, dlafdoel povo éva byte, TV KATACTUOT OTOKPIOTG TNG EVTOANS (TANPOQOpPEL av
EKTEAEOTNKE 1 evioM M av &ywve kdmowo Adboc), adhmg daPdalel tpia bytes pe to. dvo
TeEAgLTAi0 VO VOl TO SESOUEVA TG LWVIUNG.

H DF eivow n povn evroan g Update Mode kot to 600 710 onuavTikd bits Tov Tpd@Tov
byte g amdvinong &yovv kown onuacio kol ywo Tig 6vo Modes 1 omoio @aivetal GTov
wivaka, 3.2.

Bits Ieprypaon
00 Néa pétpnon
01 Métpnon mov &gt N avayvootel
10 0O CC2D Bpiokerar otnv CommandMode
11 Agv ypnoylomoteital
Mivoxag 3.2

H Update Mode ypnowonotei povo v evtod] DF kou umopet va dwafdcet amd 600 Emg
técoepa bytes. To mpmta 000 bytes extdc amd Tor V0 onuoavtikdtepa bits (mivakoag 3.2) sival
n pétpnon g vypaociog (Hum_high ko Hum_low) kou ta emdpeva dvo bytes ektdc omd to
300 Aydtepo onuovtikd bits givon  pétpnon g Bepuokpaciag (Temp_high kouTemp_low).
O1 e€10doELg PETATPOTNS TOL VTTOAOYILOVV TO TPOYOTIKE LLeYEON elvat ot eENG:

Tyetuen vypooia (%) = (Humpgn X 256 + Humy,,)/2'* ) x 100
Ogpuokpaoio (°C) = ((Temphigh X 64 + Tempyq,, /4)/2'%) x 165 — 40

To READY pin petofaivel e vymin tdon otav vmapyet véa pétpnon oty Update Mode
N éyel ohoxkAnpwbel n ektéheon pog evtoang oty Command Mode. To Aoyopikd tov
piKpoereykt umopel va 1o mapakorlovBel kot va dnpovpyel éva interrupt 6tav copPet va
amo ovtd T Yeyovota BeATidvovTog £Tol TV omddoon Tov kmdwka. H Aegttovpyia tov CC2D
¢eatverol oto oynua 3.2.

Wait 10ms
POWER OM > {command window)
Update Mode

DF

Data valid?

Yympe 3.2 Asrtovpyia CC2D
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3.3 IIpoypoppatiopnég PIKPOEAEYKTI

To mpdypoppo. Tov LKPOEAEYKTN EMAEYONKE v dounOel YOpw omd v emikovovia pe 1o
tablet uéom tov USB. Avtd £yive yiati 0 ¥EIPIGUOG TNG GLUVOAIKNG KOTOGKELTG, ONACdT 1M
EMAOYT ooONTNPOV TPOC TAPAKOAOVONGT KOl O OPIC OGS TUPAUETPOV AEITOVPYIOG TOVS, OV
ypewdlovtal, yiverol amo to tablet.

3.3.1 poypoppatiopéc USB

H BipAodnkn emlib mpoceéper éva. API yio v amhomoinen Tov TpoyPOUUOTIGHOD TG
otoifag USB otov pukpogheykty gite mpoypouparifetar g “host” eite wg “device”. Baowkd
otoyeio g vAomoinong tov USB otov pikpoeleykty eivar to apyeio emikepoiida
usbconfig.h. Méoa oe avtd opiletor ov 0 TPOYPOUUATIGHOS 0@opd Asttovpyia “host” M
“device”. Zmv debtepn mepimtmon, mov apopd TV mapodoa epyocia, opiloviol énsita o
apBudc tov “endpoints” mov Oo ypnopworombolv, extog Tov “endpoint” 0, kot wowa givot
avtd. Xtmv vionoinon USB tov pkposheykt vadpyovv €L Levyn “endpoints” mov pmopodv
va ypnoorombovv. Emmiéov oto usbconfig.h opiCetor o apBudc tov timers mov o
ypewotel 1 otoifa USB kot ool O givar ovtol and Toug TEGGEPELS TOV VAGPYOVY GLVOAIKA
otov pikpoeAeykt. To televtaio eival TOAD onuavtikd yoti pe ™ dNA®oN evog timer 6To
usbconfig.h avtdg pvBuiletar avtopota, pe v ekkivnon tov USB, ywpic avaykn emmAiéov
K®OOWo amd Tov mpoypappatiot|. EmmAéov e 11 suvaptioelg mov npooceépel to USB API
Yoo Tovg timers ovToVg pHmopel va ecoyBobv KaBLGTEPNGES GTOV KOOWKA UE O1dKplon
millisecond v microsecond. Xto usbconfig.h pmopodv axdun vo oploTOUV AELTOVPYIEG
debugging Yo amosTOAN ATAGV YOpaKTPOV 1 Kot strings ot BVvpa debug tov pkpoeieykt.
EmmAéov pmopohv va optotodv Aettovpyieg e€otkovounong evépyelag mov tpoceépel 1o USB
API ywo tepumtdoeig émov 10 USB dev cuvdéetanl o€ kdmolo host 1 Ppioketon oe KoTdoToon
Suspend .

Ot “descriptors” Tov “device” opilovtat pe dopég ,oe yhwooa C, mov mpocpépet 1 emlib.
O Device Descriptor dnimvetar Eeyopiotd pe v douny USB_DeviceDescriptor_TypeDef
eved ot volourot “descriptors” pe tig avriotolyeg dopég Tovg TomobeTodvTal og évav Tivaka
bytes pe v ogpd cOpemva pe v epapyic mov opilel 10 mpmtoxoiro USB. Emiong ot
onAmoelg avtég Tomobetovviar 6to apyeio emkepaAido descriptors.h. Exel dnidveton kot o
wivaxag bufferingMultiplier mov opiletl to péyebog buffer mov Oa ypeiaotet kabe “endpoint”.

H Aerrovpyia tov USB mpokodei didpopa interrupts mov eEuanperovviol omd povTiveg
avéxinong (callbacks). Ot povtiveg avtég pmopoHv vo Y®PIeTOHV GE TPEIS KATIYOPIES.

1. Povrtiveg mov opilovtar ,mpoatpetikd, otnv otoifo USB (DevicelnitCallbacks)
Kot KaAovvtol 6tov cupPel £va amd T TaPAKAT® YEYOVOTA:

e  USBReset: Kaleitar ka0e @opd mov yivetar emavekkivinon tov USB ywpig
TOPAUETPOVE.

e  SOF: KoAgitar oty apyn kabe frame tov xavoiiod tov USB pe nopdpetpo
Tov apBpo tov mapabvpov (LEypt Tov apBud 16383, petd apyilet Eava omd to 0).

e USBStatechange: KaAgitar 6tov arraler m katdotoon tov “device” pe
TOPAUETPOVS TO, OVOLLOTO TNG TTPONYOVLEVNG KOl TNG KOVOUPYLOG KATAGTOGNC.

e IsSelfpowered: KaAgiton 6tov o host otédver éva USB request yuo va péOet
av to “device” Tpogodoteital omd To KovdAl tov USB 7 oyt (dev éxel mapapétpovug).

e  Setupcommand: Kakieitor kdBe popd mov o “host” otédver evrod Setup pe
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TOPAUETPO TO. TEPIEYOUEVE TNG €VTOANG. Avt M ovvdptnon callback pmopei va
YPNOWOTOMOEL Y100 ETEKTACT 1] AVTIKOTAGTACN OO TOV TPOYPULLOTIOTH] EVOC TOTOV
USB request amd avtd tov opifovtol oto mpotokoiro USB.

2. Povtiveg mov kaAoOVTOL ,TPOOIPETIKA, LE TNV OAOKANpwoN pog “transfer”,
eite IN gite OUT. Kolodvtol pe Tpelg mopaptéTpovs, Ty KatdotaoT g LETUPOPAC
(av oy emTuynpévn 1\ OxL KoL TOV AOYO amoTuyiag oTn 0EVTEPN MEPITTOOT), TOV
apBud bytes mov petapépOnkoy kot tov aplBud bytes mov amopévovv oto buffer tov
“endpoint”.

3. Povtiveg mov opifovior oav mapauetpo callback oty cuvdpimon
USBTIMER_Start(). Avtq n ovvéptnon ekkivel évov timer, opiouévo oto
usbconfig.h, kot petd omd kdmoo ypovikd drbotnua, mov Eyel dobeil oav TapaueTpo
avtig oe milliseconds, kolel v povtiva callback.

O1 “descriptors” mov éyovv opiotel kat ot povtiveg callback tng otoifoag USB mov £xovv

emreyOel va ypnoiporombovy opiCovtar otnv dopr; USBD Init TypeDef mwov mepiypapet to
YOPOKTNPIOTIKE T cvykekpuévng otoifoac USB. H doun avt) giodystol cov mapipetpog
ot ovvaptmon USBD Init n onoia ekkivel t Aettovpyior tov USB. AAleg Guvaptioelg Tov
ypnoporolovvror eivar oo USBD_Read (yio. OUT transfer), USBD_Write ( yw IN transfer),
USBTIMER DelayMs (giodyetl kabvotépnon oe milliseconds ) kou n USBD_Disconnect yia
TOV TEPUOTICUO TNG chvdeong USB.

10 oynuea 3.3 mapovoidletar 1 Aettovpyia tov USB 1 omoio, viomomOnke. Me opboydvia
TEPLYPAPOVTAL EVTIOAEC 1 OUAOEC EVIOAMV 7OV TPOYUATOTOODV U0 EVEPYELN, HE POUPOLS
oAoyég otV por| PAcel eviohmv eAEYYOL, Kot e EAAEIYEC TapovalalovTal YEYOVOTO TOV
ouUPaivovy KOTA TV EKTEAECT] TOL TPOYPALLLLOTOG,

H otoifa USB Eexwvael éxovtag opiotei og povtiva callback n Statechange. Molg o
“host” avayvmpicel to “device” kot eykafidpvoel cOvdeon, Koleitar vty 1 povtiva 1 omoia
dwPaler evror amd tov mpwto (OUT transfer). Av givar to byte 1, emAéyetal n Asttovpyia
Tov actnmpov vypaciog, Oepuokpaciog kaw CO,  Av eivar 1o byte 2, emdéystan n
avéyvoon Karmowwv avoloyikdv aentipov. Ot aicntipeg mov emhéyovtal kabopilovtal
and o bytes mov akoAovBovV ™V evioAn. Avtd givar 16 bytes (2 yua kéOe kavait oo ADC).
Avé 2 bytes av o apBuds etvan 0, dev Ba evepyomomBel to cuykekpévo kavdil. AAMoOG Oa
Aertovpynoetl pe mepiodo derypatoAnyiog 1ms eni tov apBpod avtod. "Yotepa Aopfdavovton
petpnoelg and tovg aodntipes. Kabe buffer tov “endpoints” sivan 64 bytes (uéyioto péyebog
yw pia bulk transfer ) kot kdBe pérpnon 4 bytes, emopévog AapPdavovtar 16 perpnoeic. Av
yepioovv ta buffers tov “endpoints”, ot tég otédvovtar otov “host” (IN transfers) kot
dwPaletor mwéAr evror and avtdv. H tedevtaio petagpopd opilel ovvaptnon callback otnv
omoio, eAéyyetar av o “host” éotetle to 810 byte-evioAn yio cvvéyion TOV HETPNCEDV 1
éotelhe 1o byte 3 yia teppotiopd. Tnv devtepn mepintwon to USB amocvvdietal, kot otav
ouuPel emavekkivnon Tov PLIKPOEAEYKTH TO TPOYPALHA EEKIVAEL OO TNV apyN.

H enmavekkivnon yiveton eite eEwtepkd pe ypnom tov RESET pin (oto STK3800 vrapyet
Kouumi TOov cvVdLeTan pe avTd) gite HECH TOL Aoywokov. H televtaio mepintmon pmopet,
v Topadetypa, vo viomomBeli pe yprion tov Watchdog timer otov omolo opiletrar éva
YPOVIKO OldoTNO, KOl apoV gvepyomom0el, TPOKOAEL TV EMOVEKKIVIION TOL UIKPOEAEYKTN
LETE TO TEPAG AVTOV.
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Initialize/Start
USE device stack

Use
configured

Read
function
command

co2 hum,temp
S5ensors?

v

Initialize
> SEensors
other analog YES l
sensors? Reading
Sensors
NO
YES
Send
data to
host
unknown Read
command?
command
YES
Disconnect USBE |« MO

Yympe 3.3 Asrtovpyia USB oto mpdypappa tov pikpogieykt
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3.3.2 Mpoypappatiopoc avayvoong asdntipa I°C

H mpogtoposio g odvdeong 1°C amoitel opykd TV evepyomoinet t@v poroyidv Tov
TEPIPEPELAKDY VYNNG cLyvoTTag, Tov I°C kat tov GPIO, tov optopd v &bo pins mov Oa
Aertovpyodv g SCL kat SDA kat tv evepyomoinon twv interrupts tov I°C. T'evikd otoveio
g oVuvdeEoNS, OmmG M emAoyn ¢ ToyvtnTog Standard-Mode kot 1 emtloyn va givor master
0 wKpogleyktig, opilovtar pe ™ ypron m™¢ doung I2C_Init_Typedef g emlib. Ta
YOPOKTNPIOTIKE  Tng pétpnong amd tov  oawodnmpoa  opiCovior pe ™  doun
I2C_TransferSeq_Typedef. Méoa e avth opiovrar 1 Sievbvvon I°C tov oncbntipa, av o
pikpoereyktng Ba deytel N Bo oteilel dedopéva, o apOuog bytes mov Bo petapepHody Kot
évag yopog uvnung (m.y. évog mivaxog byte) mov Oa amobnkevtodv. 1o oynua 3.4 eaiveton n
pof} Tov khdika wov vAomotel TV emcovovia pe tov atedntipa I°C.

Initialize 12C

v

Start
reading

Read
interrupt

value

Xype 3.4 Asrtovpyia mpoypdpportos avayvoong awedntipa 1’C

3.3.3 lIpoypappatiopds avayvoons avaioyik@v aicdntipov

H mpoetopacia too ADC apyilel pe v evepyomoinon tov poroylov tov. ‘Emetta pe
xpnon ¢ doung ADC_Init_Typedef opiloviar to yevikd yopaxtnpiotiké tov ADC
(toydTnTOL petoTpomng kTh). Me ) xprion g doung ADC_InitSingle_Typedef opiCovtot to
wlaitepa yopokTNPoTikd Kabe kavolod (tdon avoapopds , uéyebog avalvong oe bit kTh).
Emumléov evepyomolovvtan ta interrupts tov ADC kot GOYKEKPIUEVO 0LTO TTOV dNpoVPYEiTaL
LLE TNV OAOKANP®OT LI0G LETPTOTG.

XV €pyacio, Yo TOV GLYXPOVIGHO TNG dErypotoAnyiag ypnoonoteital £vag timer mov
dnuovpyet interrupt kéOs Imillisecond. H mepiodog derypatonyiag kabe kavaiiov ADC, og
millisecond, opileton o€ o axépota PeTaPANTH OV AEITOVPYEL MG HETPNTIG TOV KOVAALOD.
KdBe @opd mov o timer dnpovpyet interrupt ehéyyetat o petpng kéOe kavorov. Av givor 0
npaypotonoteital pétpnorn wov omodnkevetar oto buffer ko o petpntig emotpépel oy
apyKN ToL TY. Av glvan peyaidtepog tov 0, perdveral Kotd 1 Kot 1o TpdypopLio Tpoympaet
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oTOV €AEYY0 TOL WETPNTNH TOL EMOUEVOL KOVOAoD ypnoiponoteitar. H Asrtovpyio avtm
mopovc1dleTol oto oyua 3.5.

Timer
interrupt

YES read
=07
counterl=0? 4 channell
store
decrease value
counterl

v

re-init
counterl

read Channel2
channelz counter=07?

store

value decrease

¢ counter?
re-init L

counter?

Yypo 3.5 Métpnon avaroyikov aesntipov

Hpoypappoticpég avayvoong avaroyukod arcdntipoe CO,

O awnmpag CO, ypewdletar 600 kavaia ADC. Emiong ypewdletar éva pin mov
dnuovpyel Evo mePLodikd GNU TETPAYOVIKGOV TaApmy cvyvotntog 4 Hz (125 ms ON , 125
ms OFF). Ot petpnioeig tov 600 kavailmv coppaivovy mpv to pin kieioet. H dwdwacio g
pétpnong oty mepintwon aut) ypnoponotel Evav petpnt) pe apykn iy 125. Otav oe
Kamoto interrupt tov timer undeviotet, ol HETPHGELS YivovTal av To Pin givol avoiktod, Kot ot
ouvéyelo ovtd KAgivel. Av to pin givan kAot avoiyel. H Aertovpyio avt) @aivetol cto
oxqpa 3.6.
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Timer
interrupt

decrease
counter

Yo 3.6 Asrtovpyia orweOntijpa CO,

set pin 1

read
channell

v

read
channelz

v

set pin 0
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Kegpdraro 4
Xepopog Kol KaTaypoaen cuoTRATOS HESO 000VNS Q1)
4.1 T'evika,

Amopacicope vo, eTMALEOVUE GLOKELY UE AelTovpYlkd cvotnua Android yio moAdovg
Aoyovg. Katapydc embupodoape vo ypnoYLOTOUGOVUE KATOW POPTTH] CLOKELT, OTMS Yol
napadetypo. smartphone 1 tablet, Adyo tov oyetikdv mheovekTnudtov mov TPoo@eépel (
(QOPNTOTNTO, EVKOAID ¥PNONG KOl HETAPOPAS, 000V oG, QIMKOTNTA TPOG TOV YPNOTN,
KaOdC Kol SLVATOTNTO LETAPOPAS TNG EPAPUOYNG GE GALEG GUGKEVEG LE TO 1010 AEITOVPYIKO).
Telxd emiéydnke tablet kvpimg Adym Tov peyébovg ™me 006vng mov kabioToboe evkoAdTEPY
Kol EVKPVESTEPT TV amEOVIoN Tov petpioewv. To  Asrtovpywkd ovotmuoe Android
emAEYONKe yioti eivortl KaTd KOPLo AOYO GYESUCUEVO YIo GUGKEVEG e 000V aeng Kot eivatl To
O €VPEWC O100E00UEVO AOYICUIKO GTOV KOOUO KOOIOTOVIOC HE OVTOV TOV TPOTO TIC
EPUPLOYEC TTOL OVOTTTOGGOVTOL GE ALTO GLUPATEG e o TANODPA GVGKELDV.

v mapodceo JIMAMUOTIKY ypnolporomoape évo tablet g etopiag Crypto pe
Aertovpyiko ovotnuo Android (ékdoon 4.4.2 KitKat). To tablet diaBéter 006vn agpng 10.17 pe
avalvon 1024x600, encEepyaotn (CPU) Quad Core Cortex A7 ota 1.3 GHz , RAM 1 GB
DDR3 «kat yio ovvdeowodmro WiFi, Bluetooth xair USB 2.0 (OTG). Emiong dwbétet
eEMTEPIK TPOPOOOGiD, MGTE VO, TPOPOSOTELTAL AVEEAPTNTA KOl VO, UTOPEL VL TPOPOdOTEL TO
KOKAMLLO TOV PKPOEAEYKTY| LLE TOVG OLoONTIPES.

4.2 Agrtovpyikoé evetnpoe Android

To Android givat Asitovpyiko cvotnua (OS) yio 6uoKeLEG KIvTAS TNAEPOVING TO 01010
tpéyet Tov moprvo. (kernel) tov Asttovpytkod Linux. Avamtoybnke apyikd amd v Google.

To Android eivorl katd kOplo Adyo oyedacLévo Yoo cuokeLEG e 006vn apng, Onwg Ta
g&vmva TNAépwva ko ta tablet, pe drapopetikd mepipdiiov ypnong yio tnAeopaoelg (Android
TV), avtokivnta (Android Auto) xoi pordyw yepds (Android Wear). [Hopdro mov €xet
avantuyfel yio ovokevég pe oBovn apng, £xer ypnowonomBel e KOVGOAES TOLVIOIDV,
YNOIKES POTOYPAPIKEG UNyovES, cuvnbicuévoug H/Y kot og dAleg NAeKTpOvVIKEG GLUGKEVEC.
H Google dnpocievce 1o peyakidtepo pépog tov kmdka tov Android vd tovg dpovg g
Apache License, pag gievbepng adewog Aoywopikov. To Aoydtumo yioo t0 Agrtovpyikd
ovotnuo Android givar éva poprdt (android).

p- -
l'l
cdND=0ID

Ewéva 4.2. Aoyétomo Tov Asrtovpyikod cvetipotog Android
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To Android eivor 10 7O €VPE®G OLOEOOUEVO AOYICUIKO GTOV KOOUO Kol €YEL TN
peyoAutepn eykatactnuévn Paon omd Oho To AElTovpylkd cvotipate. Ot GUCKEVEG UE
Android &yovv mepiocdtepec TOANGEIS Ao OAES TIg cvokevég Windows, i0S ka1 Mac OS X

podi.

H avantoén Aoyiopkod yivetal pe m ¥pnomn g YADGGOS TPOYPUUUATIGHOY Java, Kot ot
KOTOGKEVOOTEG UTOPOVY VO, EAEYYOLV TNV oLOKELT] MéC® PiPfAlodnkdv  Aoyiouikon
aventuypévav omd v Google.

To Android ivar dnpoerég oe etarpieg teyvoroyiag mov emlnTody &va £TOO, YOUNAOD
KOGTOVG, TPOTOMOU|GILO KOl TPOCAPUOGILO AEITOLPYIKO GUGTNUO YO GUGKELEG VYNANG
teyvoroyiag. H avoyty ¢Oon tov €yel  evBappovel pior HeyGAn KowoTnTa OMUIOVPYDV
AOYIGUIKOD VO, YPNGIUOTO|COVY TOV OVOLYXTO KMOIKG TOL Y10 VO OVOTTOEOLY Kol Vol
SlvElovY TIG OIKEC TOVG TPOTOTOMUEVES EKOOGEIC TOV AEITOVPYIKOV cvothuatos. Ot
EKOOGEIC OVTEG GLYVEA PEPVOLY KOVOUPYLO, YOPOKTNPLOTIKG Kot avafafuicels oTig cueKenEg
YPNYOPOTEPQ OO TOVG EMIGNLOVG KATAGKEVAGTEG.

4.2.1 Apyrrektoviki Asttovpyikod cvetipotog Android

O mouprvag tov Android eivar Pacicuévog otov mopiva (kernel) tov Aeitovpyiko
ovotiuatog Linux. OLoxAnpo 1o Aettovpykd cvotnue Android givor «yticuévo» mévo otov
mopnva. Tov Linux pe xdmoleg emmAiéov apyrrektovikés orhayéc. Ov ovokevég Android
xpNopomolody Kuping Tig ekdooelg 3.4 M 3.10 tov oprva tov Linux, av kot n ékdoon tov
nopnva eEaptdtat omd TV EKAGTOTE GLOKEVT Kot To hardware.

O nopfvag oAniemidpd pe o vikd (hardware) kon mepiéyel OAOVG TOVE ATMAPUITTOVG
odnyovc (hardware drivers).ITapéyer ) Pacikr Asrtovpyio. ToOL GLGTANATOC OTMOG &ivol M
dlyeipon ¢ pvAung, M Oayeipion g evépyswg (power management), M dwyeipion
depyacudv (process management) kat 1 diktdwon (networking). Exumiéov mepihapfaver pia
peydAn Aioto omd odnyolds cLoKELMOV KAMCTMOVTOG £TGL €UKOAN TNV OAANAEmidpacm Le
OLAPOPEG TEPLPEPELOKES CUGKEVEC,.

To enodpevo eminedo oV tepapyio sivar or facikég PiAtobnkeg (core N native libraries)
OV EMTPENMOLY OTN GLOKELN va yepiletar d1dpopovg THTOVS dedopévav. Ot PiPrtodrkeg
OUTEG €lval YPOUUEVEG OTN YADCGCH TPOYPALUATIGHOL ¢ 1 ct++ Kdmoleg amd avtég givor ot
Biprobnkeg WebKit (yio Aertovpyieg web browser), SQLite (Bipriodnkn Baong dedopévav
oL Ypnoonoteitar Yo Agttovpyieg amoBnkevong dedopévav), OpenGL (yio ameucovion
ypapikodv 2D 1 3D), kabog kot Pipriodrkeg yio avamapaywyn yov Kot Pivieo.

H endpevn katmyopia eivar ov fipriodikes tov Android mov eivan ypappéveg oe Java.Ot
BProbnkeg avtég elvar eWOKEG Yoo TV AVATTLEN EPUPUOYDV KOl TPOYPOUUATOV OF
Android.TTapaderypa tétotwv Pipiodnkodv givor ot BifAobnkeg yio o application framework
KoOhG Kot avTéG OV S1IEVKOADVOLY TV ovanTLEN TG demapng xprotn (user interface) ko
™mv 7wpocPocn oe Pdoec dedopévov. Kdamoleg ocvykekpluévec ovopooTikd gival ot
android.app (omotelei v Bdon GAwv tov epappoydv), android.content, android.database,
android.graphics (o low-level APl yio  oyedaopd  ypapwov 2D dmeg
ypoduoTo,onueio,ktd), android.hardware (mapéyer mpocPacn octa S1GQOpA TUNUOTA TOL
vAov), android.os, android.media (mepihappaver classes yio ovamapaymyn Myov Kot
Bivteo), android.util (Baowcd epyodeia yio Asttovpyieg Onmg eivarl 0 YEPIGUOG TG DPOG KOl
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™¢ nuepounviog, epyaieio XML xtA), android.view (mepiéyet ta Bepelddn dopukd croryeio
ywo user interfaces) kt.

¥t0 emduevo eminedo Ppioketon to mEPParlov Runtime tov Android, to omoio
nepthapBavet Eva amd ta onuavtikotepa tunquate tov Android, tnv Dalvik Virtual Machine.
H Dalvik Virtual Machine (DVS) eivan éva €idog Java Virtual Machine (swovikr] unyovn
Java) - e1dikd oyedroouévn yio o Android ko fektictomompévn yio TEPPAAAOVTO YOUNANG
eMeePYUOTIKNG oY1 KO YOUNANG UVAUNG - TTOV ¥PNCUYOTOLEL YOPUKTNPIOTIKA TOV TLPVA
tov Linux ,6mmg sivar 1 dwoxeipton pvnung kot to multi-threading, ta omoia eivot épeoto. ot
Java. H DVS smitpénet og ka0e epappoyn Android va tpéyet T dikn g diepyacio pe 1o 61k
™¢ otypdtono g DVS. Avadlvtikotepo, 1 DVS emutpémer mv tantdypovn Onpovpyia
TOAMOTADY  GTIYWOTUI®V TG EIKOVIKNG UNYOVNG TOPEXOVTOG OOQAAELD, OTOUOVOCT),
dwyeipion uvAung kot vroompién vnuatov (threading), mpooeépoviag pe ovTdV T0V TPOTO
VYNAOTEPT 0TOd00M GE TEPIPAALOVTA [IE XOUNAODE TOPOVG.

210 1610 eminedo Ppiokovrar kol ot Pacikéc PiPpriodnkeg g Java (Core Java Libraries)
mov divouv T SvvatdTNTa 0TOVG KOTACKEVAOTEG epapuoymv (developers) va ypagovv
epapuoyéc Android xpnoionoidvTog T YAOGGO TPOYPOUUATIGHOD Java.

1o mpotelevtaio eninedo givar to Application Framework to omnoio ivor éva ochvoro
VINPECIDY oL OAeg pall oynuatifovv 10 mEPIPUALOV TAV® GTO Om0i0 TPEYOLY OAEC Ol
epapuoyéc android. Ov epapuoyéc android odlinremdpodv amevbeiog pe to application
framework, 10 onoio Bewpel OTL 01 EQaPLOYEC ivor SOUNUEVES OO ETOVOYPTCLLOTOLOVLEVOL
Ko avtodAGEua otoryeion (components). Téhog, to framework avtd yeipiCetatl tig Pacikég
Aertovpyieg g ovokevng android omwg eivarl yio mapdderypo n Sloygipon TV TOPOV.
Mepikd onuavtikad tunquetoe tov application framework givar ta €€ng:

e Activity Manager : eiéyyxer kot Swoyepiletan tov KOKAO Lmng OAwv Tmv
EQUPLOYDV

e Content Providers: ghéyyel kot ETTPENEL OTIG EPAPLOYEG VO dNLOGIEVOVY
Kot voL Stopolpalovtot ded0UEVE LETAED TOVG

e Resource Manager: dwyepiletat Toug d1Gpopovg THTOVG TOP®WV (FESOUrces)
TOV YPNOLLOTOLOVVTOL OTIG EPOPLOYES OmmG givar tor Strings, ot puOpicelg ypmdpaTog
Kot to user interface layouts

e Notifications Manager: empénel oTc €PAPUOYEG Vo guPavilovv
€100TOMCELS GTO YPNOTN

e Telephony Manager: dSwyepiletar TIc ™MAEPOVIKEG LANPEGIEG KOl TIG
QOVNTIKEG KANGELG

e View System: éva 6OVOAO 0O VIEWS TTOV YPNGILOTOLEITOL Y10l T dMHIovPYic
TV user interfaces T@V papUOyDV

o Location Manager: dwygpiletoar tig vanpecieg tomobeciag kot mapéyet
OYETIKEG TTANPOPOPieg

2V KOpPLEN TNG OPYLTEKTOVIKNG TOL AEITovpyKod cvothiuotog android Bpickovrol ot
EQUPNOYEG, TOGO OVTEG IOV EIVOL TPOEYKATEGTNUEVEG OTI GLOKELT], (OTTMG Y10, TAPADELYLLOL M)
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EPOPLOYN YO 0TOCTOAN Kot Ayn SMS,n epappoyn yio Tpoypatonoinor KANGE®Y KTA), 0G0
KOl QVTEG TOL OVOTTTUGCOVTOL OO TPITOLG KOl LTOPEL VAL EYKATAGTNGEL LOVOS TOV O YPNOTNG.

YuvonTikd, OAEC Ol €QUPUOYEG YpNoomolovy to application framework to omoio pe
oepd tov ypnotponotel to android runtime kon Tig PipAodnkec. To mepiPdArov android
runtime kot ot BipArobnkeg ypnoiporolohy Tov Tuprva tov Linux.

APPLICATIONS

Contacts Phone Browser

APPLICATION FRAMEWORK

Window Content
Activity Manager Manager Providers

Telephony Resource Location Notification
Faciage Manager Manager Manager Manager Manager

LIBRARIES ANDROID RUNTIME

Surface Manager Media SQLite
Framework

OpenGL | ES FreeType WebKit E;HE l !55

Machine

Core Libraries

SGL SSL libe

LINUX KERNEL

[[))lsphy Cimee Dofver Flash Memory Binder (IPC)
river

Driver Driver

; Audio Power
Keypad Driver WiFi Driver Drivers Management

Ewova 4.3. Awypoppotiki avaropdoetacn g opyLrtekTovikig Tov Android

EQuppoyig

l

application framework

l

android runtime environment

l

BiprioOKkeg

aupfvdg Tov Linux
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4.3 Bipho0nkes Yo 6Yediacn YPUPIKOV TOPaoTacs®V o€ mepifpaiiov Android

H onuovtikdtepn kot Kuplotepn AEITOVPYLH TNG EPAUPHOYNS TOV OVOTTOYONKE 6T TAQIGLO
™G TOPOVGOC SUTAMUATIKNG NTAV 1] YPOPIKT OVOTOPAGTOCT) TOV LETPHCEMY TOV 00O TPV
oe TpaypoTiko ypovo. H id1a n Google dev mapéyel kamowa rowun Pprtodnkn yio oyxedioon
YPOQIKOV mapactdoeny ot meparlov android. ‘Etol avalnmbnkav tétoleg eAevBepeg
Biprrobnkeg avorytod kKmdtko (Open source), dnuovpynuéves omd TPITOVG, TOL VO, LLITOPOVV
va. ypNoorombody yio To 6KoTd avTo.

Ot 710 J100€J0UEVEG KOl OMOTELECUATIKEG, eAeV0epeg kot open source Pifiiodnkec yuo
dnuovpyia. ypagikmv mapactdoemy oe android Mtov —tn oTiyun NG oLYYPOONG TNG
ovykekpluévng dumiopatiknc- ot AndroidPlot (http://androidplot.com) a1 AChartEngine
(http://www.achartengine.org). Kot ot 00 givat ypriyopeg, eAa@piéc, E0KOAN TPOTOTOUGIUES,
QMOTEAECUOTIKEG, &yovv  emapkn vmootypiEn kot  documentation pe  mopoadeiypora,
VITOoTNPILoVY TOAADVY E0DV YPOONIATE KO SOVVAUIKT OXESINGT] YPOPIKDV TOPUCTACENDY Kol
givor oupPatéc pe T teplocotepeg £kd00¢€lg Tov android.

Aokudotnkov Kot ot 000, kol TopOAO OV  mPocEpovy  eEicov OTUOVTIKA
mheovektuota, emléyxOnke tedwkd m AChartEngine, xvpiog efattiog tov OtL Kpidnke
KOTOAMANAOTEPT Y10, OYESIAON YPUPIKDV TAPACTAGEDY 6€ Tpayuatikd ypovo(real time), mov
NTav Kol po amd TIC OmOLMOoElS TG epapuoyng mov dnuovpynoaue. H AChartEngine
nepiéyet classes kat pebodovg mov Sievkodbvovv v real time oyedioon koawodpylwv
petpiioemv mov dwefalovtal amd T cLOKELY, Onmg eival yo Tapddstypo 1 class Point wov
avoamaplotd £va onpeio (ue cvvietayuéveg otoug Govec) ko n TimeSeries (avamapiotd pia
YPOQIKY Tapdotoon ue opilovtio aEova Tov ¥ Tov xpdvo ) mov mepigyel tn uébodo add() n
omolo. EMTPEMEL TNV TPOCONKN OTN YPAPIKY Tapdotacn vémv onueiov. Emiong dwnbétet
gpyalreia yio duvotdmmroa {ovp Kot UeTaKivnong TG ypagikng tapdotacng (scrolling). Me
BpAoBNKN avt) ,umopésape AOmdY Vo YPAWOLLE KMITKO TOV VO OVOTOPIGTE SLUVOLKA TO
onueto kabodg daPdlovtav o avtictolyeg LETPNOELS amd TOVG OUGONTIPES KO GTEAVOVTAY
ot ovokevn péow USB.

¥ ovvéyelo. mopovolalovtor Kot mEpypdeovial oplopéveg omd TG classes g

AChartEngine mov ypnoomomnkov otnv vAOTOMONG TG EPOPUOYNAS TG TAPOVLGOG
OMA®UOTIKNAG. XVYKEKPILEVAL:

» GraphicalView avimpooonedel 10 aviikeipevo amekoviong View mov
TePIKAEIEL TN YpaPIKN TapdoTacT Kot TV epeoavifel oty 086vn Tov ¥prot

» TimeSeries avimpoom®mEVEL P10, GEPA GNUEIOV Y10 YPOPNILOTO XPOVOL Kol
mePLEYEL LeBAO0OVE TOL UITOPOVV VAL EMOPOVV GTA GNUELN TNG GEPAS (T, VoL TpocHETEL
N vo apopel kdmoo onueio, va Ppiokel 10 péyloto kol T0 €AdyloTO onueio g
YPAPIKNG TAPAGTOCNG, VO 0pilel TOV TITAO TNG KTA.)

»  XYMultipleSeriesDataset avtitpocwnedel o GUVOMKY GEPA TOL UTOPEL
va meptExel Kopia, pia 1 mepiocdtepeg oelpég onpeimv (xpoévov 1 dAiov tomov). Exet
neBdd0oVE OV EMOPOLV GTIG GEIPES TOV TEPIKAEIEL OTMG Y10 TaPASELY Lol VO TPOGHETEL
1 va apopel kdmowo oelpd.

» XYSeriesRenderer avtimpocomedel évo renderer yio kéfe cepd, mov
pLOUiletL T Hope1| KoL TOV TPOTO LE TOV 01010 GYESIALETAL KO Tapovolaletan 1 kahe
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oepd. Awbéter pebodovg mov kabopifovv kail puBuilovv yio Topdderypua To yphUoL
KOl TO TTOYO0G TNG YPOUUNG, TO GTUA GYESIAGLOD TV GNUEI®V, T Opla. KTA

»  XYMultipleSeriesDataset dnuovpyei évo cvvolkd renderer yioo OAn
YPOPIKN ORMEKOVIGN G6TO GUVOAO NG (mov mepthauPdvel OAeg TIG GEPEG) Kot
kaBopilel ™ cvvolikn mapovcicon Ttov ypaenudtev. Teplapfaver pedddovg mov
kaBopifovv Tig AETTOUEPELEG TNE YPAPIKNG TOPOVGINGTC TG CUVOAIKNG GEIPAS KO TN
HOPON NG AMEIKOVIONG GTO GOUVOAD TNG OTMG Yot TOPAdEYH TN oxedioon Kot T
Hopen TV a&ovov, to. Teplopla, TIC O1UGTACELS, TO €0POC TNG AMEKOVIONS, TNV
KAipaxa, to, 6pto. Tov {ovp KTA

4.4 USB ko1 Android

Ooov apopd 1o USB pia cvokevn] Android pmopei va Asttovpynoet pe 600 tpomovg , gite
o¢ host eite w¢ device. Otav o ovokevy USB (device/peripheral) cuvééetan pe pia
ovokevn Android, téte 1 ovokevry Android Aettovpyei wg host kat tpopodotei Tov diowAo
Kot amapBuet T1¢ ouvdedepéveg ovokevés. Mia cvokev) Android mov Asttovpyei wg host (1
On-The-Go host) npémel vo mopéyst woyxd 5V/500m A ot cvvdedeuévn GLOKELT av M
televtaio tpogodoteitan uéow USB.

Ortav pio ovokevry Android cvvdéetar oe évav voloylot) (mov £€xel to poAo tov host)
161€ Acrtovpyel mg USB device. Ztnv nepintwon awty 1 cvokevn] Android tpopodorteitat and
tov host (og mepintmon mov dev £xel eEWTEPIKN TPOPOSOGia).

To Aettovpyikd, dnAaodT, avorapPBdavel avtopata ™ PLOUICT TOV TOPUUETPOV KOl TNV
gykatdotaon g cvvdeong USB, kabe popd mov cuvdéetar po cuokevr) USB.

Eekwvavtag omd v ékdoon 3.1 tov Android (Honeycomb), o ocvokevr; Android
dabéter pio Egywprot) Asttovpyio USB, amoxieiotikd yioo Android, mov ovopdletor USB
accessory. Xt Agrtovpyio USB accessory, pio cvokevry Android mov Asitovpyel wg device
pumopel va yepiletoar eEmtepikés cLOKEVEG. AVTO EMTVLYYAVETOL GLVOEOVTHG T GLGKELN
Android og o e&wtepikn accessory device n omoion dpo. wg USB host. Tote 1 ovokeun
Android praiver og Asttovpyio USB accessory mpokeipévon va givar og Béom va yepiletar
GAAec ovokevég mov ocvvdfovtar otnv accessory device. H Aertovpyia USB accessory
EMTPENEL GTOVG XPNOTEG VO GLVOLOLY cLokevéC Android mov dev pmopohv vo. Aettovpyicovy
og host, pe diieg ovokevég USB mov pmopodv vo copmepipephovv wg host, kot étot va
EMKOWVOVIOOVV Kot vo. aAnAemdpdoovv pali tove. ‘Eva mapdderypua g Asttovpyiog USB
accessory mopovcldleTol 6TV TOPUKATO EKOVA.

Ot dYo Aertovpyieg —host kot device-koBdg kot ot daPopés Tovg mapovstiloviar 6To
TOPUKATO GYN L.
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USE Host

power
HOST sndroid-powered device > USE device
MODE H r} >
Data transfer
power
DEVICE _ s
MODE android-powered device 4 =

Data transfer

Ewova 4.3.USB Host kaw Device Mode

4.4.1 TIpoypopporticpoc USB ardé tnv mhgvpd Tov Android

To Android diabéterl Tig e€ng classes yia mpoypoupatiopd og Asttovpyion USB accessory
mode:

=  UsbManager —Emtpéner v emikowvwvio, pe 1o ovvoedepéva  USB
accessories

= UsbAccessory —Avtimpoconedetl po cvokevr] USB kot mepiéyet pebddovg
(methods) yia v avaktnon IANpoPopIdY GYETIKG e AVTH

H Xewrtovpyio host emitpénel ot ovokevry Android va gléyyel otidfmote cvvdéetal oe
avt. Emiong mapéyst tpopodocio. ot cuvdedeuévn cvokevn USB.IIapadeiypata tétoimv
USB ovokevdv mov ovvdéovtor oto Android otav ovtd Asrtovpysi og host eivor
TANKTPOAOYLQL, TTOVTIKLO Kot GAAEG GLOKEVEG €16000V. Ot akOAovbeg KA doels (classes)-pe Tig
avtictoryeg peBddovg mov S100£TOVV- YpNoIpoTolobVTAL Yo avanTuén o€ Aertovpyio USB
host:

. UsbManager —Eyet npoécPacn oty Kotdotaon tov cuvdécewv USB kot
EMKOWMVEL LLE TIC GUVOEDEUEVEG GUGKEVES

= UsbDevice —Avtimpocwnevel ™ cuvdedepévn cvokevn USB
= UsblInterface —Mia d1emagn (interface) tmg UsbDevice
= UsbEndpoint —Eva dxpo (endpoint) tng Usbinterface

= UsbDeviceConnection —Xtéivel kot AopPdvel pnvopoto 6 Pt GLOKELT

»  UsbRequest —Avtipocmnevet éva tokéto USB request
= UsbConstants —Xtabepéc mov ypnopomotovvtol 6to tpwtokorro USB

IMo 11¢ avdykeg ™G epopproyng, cvykekpyéva, onuovpyncoue évav BroadcastReceiver
mov avtamokpivetor oto yeyovoto (events) ACTION_USB_DEVICE_ATTACHED «ou
ACTION_USB_DEVICE_DETACHED. Avt6 6o pog wdomowjoel 6tav ocuvvdebel kamoo
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ovokevny USB oto Android cvomud pog 1 amocvvdedel n 101 cuvdedepuévn cuokeut| Kot Oa
TPOYLLOTOTOMOEL TNV KATAAANAN evépyela avaloya pe tnyv mepintwon. O broadcast receiver
ONAodN avtomokpivetal oviloyo GTo av GLVOEETOL 1| amocuvoéeTal o ovokevry USB oto
Android.

Eniong onwovpynoaue évav BroadcastReceiver mov avtoamokpivetolr otnv KANon g
uebddov requestPermission(). H kAnon g requestPermission(), 6tav cuvdebei oto chotnua
Android pa ovokevy USB |, epopaviCer éva mapabupo doddyov otov ypiotn (ntdviag Tov
aoel yo v emkovevioel kot va cuvdebel pali g Otov 0 ypHoTNng amovINcEL GTO
napdbvpo SwAdyov, o broadcast receiver AauPdver to intent mwov mepiExel To
EXTRA_PERMISSION_GRANTED, 1o onoio givar puo boolean tiuf mov aviimpoconedet
™V andvnon. Av 1 Tiun givoar true tote emtpénetal 1 TPOGPACTN 6T GVOKELN KOl WITOPOVLE
va ovvdebodue pall g kaAovtag v connectUsb(). Av n tyn sivaw false tote dev
emrpénetal n pocPaocn kai epeavietor unvopo Adbovg.

4.5 E@appoyn (application) ywa Android

O «vprog oxomdg g epapuoyng (application) mwov avantdydnke yioo Android frav —extog
amd To vo Topéxel &va mepPAAlov oAANAETIOpOONC TOL YPNOTN UE TN GLGKELY 7OV
KOTOOKEVACOUE- OPEVOS VO EMKOWMVEL HE TO KUKAOUO TOL WIKPOEAEYKTN KOl T®V
aeOnmpov Kot vo AapuBavel oedopuéva amd ovTd, Kol APETEPOL VO ATEIKOVILEL YPUPIKA OF
TPOYUATIKO ¥pdvo T dedopéva avtd. H gpapupoyn o avoldauPove emiong va, omobnkevel o
apyeio TIc ANEOEVTEG LETPNOELS Yo EVOEYOLEVT LEAAOVTIKT OVOLPOPEL.

H gpappoyn mov avamtoéape omoteheitol and évav aplOud and Java classes ko 006veg
demapng yprotn (user interface-Ul) mpokeipévov va eEumnpetcovy 10 6KOIO TG YPOPIKNS
OTEIKOVIONG TOV UETPNOEMV Kol TNV OM0BNKELON TOVE, OMMC EMIONG KAl TNV EMKOWV®VIN
péom USB e to kdkiopo tov pikpogheykt. H onuavtikotepn mpdkinon ftav 1 avaykn
™G OYEdlOONG TV YPOPIKMOV TAPACTACEDYV GE TPAYHOTIKO Ypovo (real time), ywpic va
napovcidovrar kabvotepnosls, Kabmg kot o oyedloondg g emkowveviag pécm USB. Tha
vo, emtevyBovv ta mapamdve ypnoworomoape Mmultithreading, yopicope dniadn kabe
Aertovpyia o Egympiotd viua (thread) dote va givar aveEapmm 1 pio and v GAAN Kot
TOVTOYXPOVOL VO, ATOPVYOVUE TUYOV KaBVLOTEPNGELG Kol «KOAAaTay oto user interface. Ta
VAHOTO EKTEAODVTOL TOVTOYPOVA OO TNV EPOpPUOYN Yopis va emnpedletal To évo amd Ta
vIOLoUTAL.

Hopakdto mapovoidlovtal o oNUAVTIKOTEPH TUNUATO TNG EPAPUOYNG ,EVD O TANPNG
KOOKOG TopabETETOL GTO TELOG.
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Yyua 4.1.Aopn spappoynis - wpapyio activities

4.5.1 Multithreading (moAhamhé vijpata kot wopdrinin snetepyocio)

To multithreading sivai 1 duvatotta Tov enclepynoth (evog | TOAAOTAGDY TUPHVOV) Va.
ektelel TowTdypove morhamhd vijpata (threads) f dwndikoocieg (processes), émov 1o Kabe
vino pmopel va avorappdvel dtapopetikd épyo. Me tov tpoOmo avtd yiveTor amodotikdtepn
xpon tov Swbhiciuov TOPOV TOL GLOTNUATOS, WlAITEPA OTAV O VLTOAOYIOTHG Olnbétel
TOAAOTAOVG ETEEEPYOOTEG.

To multithreading pmopei va gpappootei ko og pio poévo depyoocio emtpémoviag pe
avtdv Tov Tpémo TV mapdAnAn emeepyacio .Ta vApata, mapoio mov popdlovior Tovg
d1ovg TOpPOVG, HUTOPOLV VO, EKTEAOVVTOL TapdAAN A Kot aveEaptnta o éva amd 1o dAro. Ta
TAEOVEKTALOTO TOV TOAMOTA®V VNUATOV &ivor 1 TtoydtnTo  ektéleons, 1M yphyopn
OVTOTOKPLIoN KoL 1] TOPOAANAOTOINGT.

H Java (ko ko1’ eméktaocn to Android) ivor pa yAddoco mov vrootnpilelt moAlamid
viporo kot multithreading. Mo epoppoyn pmopei vo. xmpicet Kot vo S1oupEceL Tig Aettovpyieg
™¢ (koBdg Kot To dedOUEVA TNG) O TOAALUTAG VI LOTO KOL VO GPTGEL GTO AELTOLPYIKO KOt
OTNV OPYITEKTOVIKN] TOV GLOTNHOTOG Vo kKobopicel mwg Ba tpéyovv Ta vhuata, eite
TOVTOYPOVA GE EVOL TVPTVA EITE TAPAAANAC GE TOAALATAOVG TUPTVES.

Mze 1ov Tpoémo ov Aettovpyet to mepiPdirov Android emitpénet og Eva pdvo viua (thread)
VO, EVNUEPMVEL KO Vo petoddlel tn demaen ypnotn (user interface-Ul) — to vipo avtd
ovopaleton Ul Thread xon givon to kdpro vipa mov Eekwvaer otav Eekwvd o, Activity. H
EPOPHOYN TTOL avorTOEQE EMpeEne va givol o BEom va amekovilel Ypopkd 6 TPUYUOTIKO
yxpovo (real time) tic tpéc tov awcOnmipov kobng tig dwpaler and to USB kot vo Tig
napovotdler oto Ul Thread, , kot tovtdypova v emKOWOVEL HE TO KOKA®UO TOL
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picpoereykt péom USB, yopic va mapovoialovioar kabvoteprioslg . o va emttevyfodv ta
nopandve epopudoaps multithreading. Xopiocape, dniadn, kébe Aertovpyio oe Egympiotd
viuo (thread) wote va givol aveEdptnn n pio omd v GAAN KOl TOVTOXPOVO, VA, ATOPVYOVUE
Toxdv KabvoTePoEl Kol «KoAAuoto» oto user interface. To vApoato ektelovvron
TOVTOYPOVA OTd TNV EQAPUOYN XWOPIS Vo eTNpedleTol T0 £va amd T0 VITOAOLTAL.

2V EQOPUOYN MOG XPTOLOTOMGOUE EEYMPIOTO VIO, Y10, TV EYKATAGTOCT TNG GVVOEST|G
USB kot Egyopiotd vijuo. yioo vo dofalel cuveymg kot va ameikovilel to dedouéva mov
Aappdavovtov amd to USB. Me tov 1pdmo avtd koatopbdoape vo amo@Oyove «KOAALOTO
tov Ul (to omoio evnuepovotav kol dAlale cuvey®dg yio peydAo ypovikd OS1GoTNnuUa) Kot
«kpacopiopotay ™ epapuoynis. To viua (thread) mov dnuovpynooue €xst ®g KHPL
Aertovpyia va dafdaler ta dedouéva (Tig TWéG TV acnmpov) amd to USB kot vo ta
ameovilel Ypapikd o mpayuatikd ypovo. Tavtoypova amodnkedel o dedouéva ovtd o€
apyeio.

4.5.2 Aopik@ TpqpoTo TG EQUPROYNS

1. MainActivity.class

My Application_new

A% W\ EOVIKO MeTaopio TToAuTexveio
; Epyaoctnpio Bloiatpikng OmTikng
kat Epappoopévng Blopuaoikng

Ewova 4.4.000vn ypiet (Ul) Tng MainActivity.class

Avty givan  Activity (to k0plo mTpdypappa 1 cuvaptnon) mov EeKvael Otav eKKIVEL M
epappoyn. [lpooceépel otov xpnotn TV eMA0Y va S0AEEEL AetTOLPYIOL Y10 TOV UIKPOEAEYKTY|
avdpeco og My LETPNOE®V OO TOVG ot Tpeg Kot EAeyy0 Tov TELONAEKTPIKOL GTOLYEIOL
(neddovtikn eméxtaon), kot va petafetl otnv avtiotoryn o0ovn ypnot. H emhoyn yiveton pe
TOTNUA TAVE® 6TV 006V apnS ToL avTtioToryov Kovpumiov. Télog vdpyetl kovumi 5660V and

™MV EQAPUOYT.
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Exkivnor MainActivity

KOUPINIA Y10 EMIADYE) ASITOURYIaS ano Tov yproTh

hEITOLRYIO o THDe EAEYYOC NMIEZONASKTDIKDU

pPeTAPaor oThv enopevn activity

sensorsUiActivity.class

Yyuna 4.2.Kopra dopn kot duaypoppa Aerrovpyiog g MainActivity.class

2. sensorsUiActivity.class

H ovykekpuévn Activity Eekivder otav o ypnotmg emhé€el ) Aertovpyio yoo Aqym
petpnoemv amd tovg aictntnpes, onv Tponyovuevn oBévn. O ypiotng €xet T dvvatdTTa
vo, emié€el Omolov arcOntpa embopei (1 dAovg) dodéyovtag to avtiotoryo radio button.
Emmdéov —apob emiééel Toug aictntnpeg and tovg omoiovg O€AeL vo AdPel peTprioelg — Exel
™ duvatdtnTo va kabopicet kot GAAES TOPAUETPOVG TNG YPAPIKNG ATEIKOVIONG ,O0TMG Etval M
avtioToyn TN avaeopdg mov embupel yio ke péyebog, T HEYIOTN Kol TNV EAIOTN T
tov mov Kabopilovv 10 ddoTnUa OmMEKOVIONG, KAODG Kol TN YPOVIKY LTOSWIPEST] TOV
opilovtov dEova (oe devtepdhenta, dpeg KTA.), matdvioag to kovuni PLOT SETTINGS kot
petafaivoviag otnv 006vn tov aviictorywv pvOuicewv. Me avtdv Tov TpOTO O YPNOTNG
umopel vo mapotnpel mo kobopd, Katd TN OBPKEW TNG YPOQPIKNG OTEKOVIONG, TO TOGO
petafdirovror ol TG TV pUeYEB®V Og GYEOT WE TN TN OVOPOPAS TOL €£xEl OPIGEL. XTO
TELOG, AoV Exel emMAEEEL TIG EMBLUNTEG TAPOUETPOVS, TOTAEL TO KOLUTL Yol T oediaon g
YPOPIKNG TOPGOTOONG Kol Ol TOPUTAVED TOPAUETPOL TEPVAvE otV emopevn Activity mov
Eexwva eketvn T oTiyun.

EmumAéov vrdpyetr to kovpni ADC Settings yio emthoyn dAA®v avoloyik®v oaicbntmpmv
petafaivoviag oty avtiotolyn 086vn pubuicewv.
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M 01:49

< sensorsUiActivity

MeTtproelg AleBnTipwy

National
Technical

P,

',

() eeppokpacia

»
- P\
DPoMMOEVS
3,
_ANI==E|
avPeoro

niversity of
O Yypacia
O 2 7 Athens
AD Settings
PLOT SETTINGS
Txebiaon Mpagikng NMapdctaong
2w (] = =P

Ewéva 4.5.006vn ypietn (UI) g sensorsUiActivity.class
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Exkivror sensorsUiActivity

radio buttons yia smAoyr IcEnTAPa ano Toy ¥proTh

KOURMIO Y13 pETafacn oty 0By pulpiceony
Y10 KOB0p oUG Tow NOpAPETRoY AN kDY TG
YIO KOEE QIcBnTHDa NoU sniAsy BnKs, koo Kal STy
oo AD pUBpicE0m

Eheyxog nowng aioAnTrpas sk dxBnKs, nomn avToTosn
TR Qwapopas Kal noids puBIdElg wia T ypaopikn ansikayio,
kal anoBfksuar) Toug we NgpausTpol
YId Wwd NEpaaToly Oy Enopeyn ackivity

ANEVERYaNInGT] KOUpM oy

FOULINI £keivn o TG eNopievne activity

w10 S edinc TG Ypop kTS NOpOcTOoTC
ki1 MEPQCUA Toow Qv TISTON oo MOpOpET D

NEPACH A NAPOPETPWY

plotActivity.class

Typa 4.3. Kopra dopn kot dwaypoppa Aertovpyiog g sensorsUiActivity.class
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3. PlotSettingsActivity.class

H activity ovt mapéyet ) dvvatdtnta 6to ¥pHot vo Kabopicel S1dpopec TopapéTpoug
NG YPOPIKNG OTEIKOVIONG TOV TILOV TOV dctnTtipev. Zvykekpipéva yio Kabéva, amd to Tpia
wpog pétpnon ueyédn (Beppoxpacio, vypacio kot C02) umnopel va emAEEEL TV ovTioTOlN
T avaeopdg mov embupel, T uéylom kot v eddyiotn Ty mov kabopilovv o didotnua
OTEKOVIONG €VTOC TOL 0moioL Oa oYEGGTOVY YPAPIKA TO ornueio, KabdC Kol T YPOVIKY
vodiaipect Tov opiloviiov a&ova (e dEVTEPOLETTA, MPEG KTA.). TN GUVEYELN TOTOVTIOS TO
kovouni Set oamoBnkevel TIC EMAOYEG TOL MOOTE VO TEPACTOLV MG TOPGUETPOL GTNV
plotActivity.class n omoio avoloufdvel 1o £pyo TG YPOUPIKNG ovamapdoTaong.

¢ Connected as a media device

< PlotSettingsActivity

TLHIN Qvapopdg

Xpovikn unoblaipeon agova x
max -

min

PUBpLON

Ewova 4.6.006vn ypiiety (Ul) tng PlotSettingsActivity.class
4. SettingsActivity.class

H cvykekpipévn activity divel m dvuvatdtnta 6to xpiotn va emAEEEL GAAOVS OVOAOYIKODG
acnmpeg (umopel va ypnoonombetl Kot yuo Aettovpyia yépupog). O ypfotng pnopei va
daré€el mooa amd tor oxTd dabioia kavaia (8 pins) ADC emibouei vo. xpnoponomoet,
EVEPYOTOIDVTOG TO. [LE TOV OVTIGTOLYO SLKOMTY, Kot Yo kéfe Kavail va opicel T cuyvotnTa
detyatoAnyiog 6€ MSECS. LT GLUVEXELD TATAOVTOS TO KOVUTE Set amofnKeveL Tig EMAOYES TOV
MOOTE VO, TEPUCTOVY MG TAUPALETPOL GTOV ILKPOEAEYKTN.

Avt6 yiveton (o€ GAAN activity) otédvovtog v evtoln 2 otov pukpoeheyktn péow USB
6mov 1o Tpwto byte (o apBuds 2) givorl 1o avayvoploTIKO TG EVIOANG Yo Agttovpyio GAA®V
avoloyikdv (| vépupog) kot to. vtohowa byte givar ov mopdpeTpor pe TG pvbuicelg Tov
xpnom.
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SettingsActivity

epiobog delypatoAnylag(msecs)

gvepyonoinon

AD2 evepyenoinan
D3 evepyonoinon | ON 100
AD4 evepyonoinon
evepyonoinan [ on | 10

evepyonoinon | ON |

gvepyoroinon

gvepyonolnon

Set
— ™ = =) =)
Ewéva 4.7.006vn ypiety (UI) Tng SettingsActivity.class

5. plotActivity.class

Avt eivon n onuavtikotepn Activity mov emitehel Tig KvupdTEPEG Asitovpyieg Kal TO
Baocikd oxomd ¢ ovykekpuévng epappoyne. Kotopydc, n Activity oot eykobiotd v
EMKOWOVIO, KoL GUVOEETOL LE TO KUKAMUO TOL pikpoeleykt péom USB. Otav o ypnotng
TaTHoEL To Kovumi Start, mov Ppioketal oto nave pépog g 08o6vne, tote n Activity, agpod
gykataotinoel T ovvdeon USB divel eviodn] oto UIKpogleykt| va EeKvnoel T Afym
LeTpioemv amd Tovg actnTpec 6TEAVOVTAC G EVTOA TOV aképato apud 1 o popen byte.
Xepiletar v anootol moakétmv dedopévav avauesa oto Android kot o kKOKA®pO ToL
LIKPOEAEYKTN Kol OTOV O YPNOTNG TMATHGEL TO KOLUTT S0P Yo Vo GTOPATIGEL 1] EQAPLOYN,
10TE 6TéAVEL TOV aplfpd 3 o€ byte 610 pikpogAeyKT Yo vo TEppOTIOEL TN GVVOEDT).

Av o0 ypnomg oteilel Vv evioln 2, 10te €KTOG omd Tov apldud 2 GTEAVOVIOL GTOV
HKpoeheykt ko GAAo 16 bytes mov pubuiCovv to AD kavilo Kot v mepiodo
detypatoAnyiog Touvg 6 MSECS.

H Activity avt) sivar emiong vmebbovn yu ™ ypaQiky OmEKOVION TOV ANEOEVTOV
dgdopévav and to USB og mpayuatikd ypovo, ypnoonowdvtag ™ PiAtobnkn avorytov
Koo achartengine yw vo dnpovpynost Tig ypoeikég Topaotdoelc. Me tov TpOTO TOL
Aertovpyel to mepidArov Android emtpénel og éva povo vijpa (thread) va evnuepdvet kat va
petaPdirer  demoaen ypriot (user interface-Ul) — to vijpa avtd ovoudleton Ul Thread kot
gtvat o KOpro vipa mov Eekwvaer otav Eekwva o Activity. T avtd to Adyo  gpapuocope
multithreading. v epappoyn poag xpnoorooape EEYmPLOTO VUM Y10, TNV £YKOTAGTAOM
g ovvoeong USB kot Egyopiotd vipa yuoo va doPdlel ocuveyds kot va amewcovilel o
dedopéva mov Aapfdvoviav omd to USB. Me tov tpomo avtd katopfdoope vo amophyovpe
«oApatoy tov Ul (to omolo evnuepmvotay kot GAAALE GLVEXMG Y. PEYOAO YPOVIKO
OLIOTN O KO «KPOGOPIGLOTO» TNG EPAPUOYNG.

To vijpe (thread) éyet og kOplo.  Aettovpyio. va dwfalel ta dedopévo (Tig TIES TV
awctnmpwv) and to USB kot va ta ameikovilel ypapikd oe mpaypotikd ypovo. Tavtoypova
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amobniedel ta dedopéva avtd oe apyeio. Kobopicope eopyng kabe awcbnmipag va
avtiotoryel og dapopetikd endpoint (dkpo) tov USB. 'Etot a6 kabs endpoint diapalovton ot
TIéG Tov avtiotoryov oicOntipa. Kdébe endpoint éxert 1o ducd tov ByteBuffer peyébovg 64
bytes 6mov amoOnkevel kdbe @opd to dedopéva mov Sofalel. H Aqym dedopévov amd 1o
USB yivetat actyypova ypnoonotdvtog v class UsbRequest (avimpoowmevetl évo mokéTo
USB request) kot tic pebodovg queue(ByteBuffer, int) (mov tomobetei oe ovpd to request yio
va dlopaoet Ta dedopéva. Ko vo. To amodnkevost oto kabopiopévo buffer ) ko requestWait()
(n omoia emotpépel T0 amotédeoua tng queue(ByteBuffer, int) ). X cuvvéyewn amd kdbe
buffer dofaleton pio-pio pétpnon kot avorapiotator ®g onueio oty avtictoyn YPoEIKY
nmopaoctoon JlapdAinio amobnkedetal kol 6To avtioToryo apyeio.

(Znueimon: n T avopopac, mov ExEl EMALEEL O YPNOTNG OTNV TPONYOLUEVT 006V,
avamopictatol O pio otodepn TN ot YPAPIKn Tapdotacn).

Téhog n Activity amoBnkevel oe apyeia g Anedévieg petpioelg oe popen binary yio
EVOEYOUEVT] UEALOVTIKT] OvVOIQOPd, YPOAQPOVTOG EMMAEOV  GTO OVOUO, TOL OpyEiov Kot Tn
YPOVIKN OTIYUN —MUEPOUNVia. Kol dpo- oV Eekivnee 1| Myn TOV LETPOE®V.

H plotActivity.class ypnowomnotei ¢ classes LineGraph.class (givor vrevfovn yio ™
onuovpyic. Kol TNV amEOVION NG YPAQIKNC Toapdotacng kabopilovtag Oidpopeg
AEMTOUEPEIEG KO TOPAUETPOVS OMMOG EIVOL 1] TPOGHNKT KAVOVPYL®V OTUEIDV, 0 GYESICHOG
KOl 1 TOpoVGiacTt Tmv a&ovev, To YPOUOTE, TO GTUA TNG YPOPIKNG TAPAoTIoNG KTA.) Kol
Point.class (avtumpoowmevel évo onueio TIg YPAPIKNAG TOPACTOONG LE CUVIETOYUEVEG GTOVG
GEoveg y KoY ) Tov Ypawyope EUELS Yo VO SIEVKOADVOLV TO £PYO TNG.

@ 16:35

stop
]

Ewoéva 4.8.Ztiymotvmo tng plotActivity.class mov mapoveraler ™ ypooui
UTTELKOVIGT] TOV TIHOV TOV asOnTipa ™S vypacsios 6 peyéduven (zoom)
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Ewévo 4.9.Xtiymétomo e plotActivity.class  mov mapovoidler 1™ ypogiki
UTEIKOVIOT] TOV TIHOV TOV TPLOV ateOnTipov pali
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Exkivon plotActivity

gt T LineGraph.class nou siovia unsuBun yio
4 Tr) G¥EGICT) TrE YO kric NapaoTaaT) kol TG Faoint.class nou
VINOpITTE £va OrpEin oToug alovee
]
3
N nopapéTpen (ENhoyEC aBnTrpwy KAl TILGY avapopac)
and nporyolpEsn actvity
sxTEAOLIVTON
word my
srxivmony
Anpioupyia UsbiManager nou SioyeipideTal Thy koTaaTao) T alvdsony; ush o .
MuUpY 5 ERIZETN TrY o1 TG NG Enproupyia mp
Activity
A
KTy oo UshReceiver nou atay ouvdisTal
pia ouagksLr Lsh &ael dsia ano Tav ¥praTn va ENKDewrCE Padl Tne
KOl KaTaywpnan Tou UshDeviceReceiver nou avTonokpiveTal avahoya oTay oUvBEETAIR
anoouvBEETal pio auckeun ush
r
wiaheapa Tre peBodou connectush)
Y10 EYROTACTACN TG oUkdecnc ush
Y <
START button
A
anocToRr EVTOAC aToy MCU pEcw T peBiodou sendMcuCommand()
Y10 AP HETPHSECH AN ToUE, QI TrpE
A
ENpIoUDYIa Ko apykanoion pakEhe K1 OpYEiwy yiIa anoBrikeuan Ty SedopEvay
A
—

ekivryan wipaTor (thread) yio Muwn,ensEepyacia,
VPO CNEIDYIST KO GnoBrkeuaT)
oo TIHGw Taw aoBnTripoy

v

Arpioupyio buffer yia Afpn ko anodrsuan
Toow TIGw Tew aioBnTrpew and 1o ush

v

anoaTon) UshRequests (ooiyypovey OITHoEa) aToy MCU
o kafe endpoint EgyapioTa nou avmioTayEl ota S=dopéva kibs aiotnTripa
Y10 BIOBACHA ooy TIHIY TOUG

v

HINBEYITHAC Ta HETANTANY YIQ KATAUETPNGT Tew onueioy nou cyediadovTal

Fuviyen 010 B pépog

NHMA (THREAD)

nou SIaBaden Tic TIEG Tav

aicbnmpwy and To usb ,

Tic enelepydfeTal,

TG

QNEKOVIZEI YPAPIKG TE NPAYHATIKG XpOvO Kal
Ti¢ anoBrkelIel o8 apyeia

L 2 Fvviyens oo B pEpoc

Yypa 4.4.Kopro dopn kot draypoppa Aertovpyiog g plotActivity.class (Mépog A’)
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Juvirsio and o' pépot

i FuvEysia and o' pépog

EhEYHDE OV TUVERITE VO TpEyEl TO vrjHg
running = krue 7

NHMA (THREAD)

nou dlaPadel Tic TEG Tov

acdnTHpav and To usb ,

T eneepyadeTal,

. . . g

TONABETFION GF DURG Tew AITFGECH Ush ANEIKOVITE! YpAPIK OF NPAYHIATIKG ¥pdvo Kal
T, anoBnkedel e apyeia

Ehaywog av Tyedomre
qUYKERPILEYDG OpiBiptg oy

-]

HASapICUOG Tay NakIGTEPuY CYEDIQCUEYLY CrpEioy
K1 UNBEVICUOC Taow PIETPNTew

4
<

Y

EhEyyng and Mo JUYKSEPIHEYD
endpoint Tou ush
GioPafoupe Gebopdva

Binpoouo S=dopgvey and To avTioToo endpoint kar TonoETnon Toug oto buffer

3

HaBrUaTIkY ensEepyaaTio Taw o Eiow Tou buffer kol
WETOTPONT) ToUG OF onpsia (Points) kon cyediacr) Toug oTr
YPOD ) NOpACTOCT)

y

KOATAPETRNET] KABE STpEiou kol anoBfKeUcT) ToU GTO OvTISTOND opyEio

}

KenBIKaS IO QUTOWOTN PETAKIVNOT TG YPapIkTG NopaaTadnc npod Ta S=&ia

kB oyedindpyTal kovolpyia onpEia (auto scrolling)
running=false < STOP button |

KOURNT Gx3TE va PNopEl o yproThs va
oTaparhcel To thread nou anskovids)
YROPIKA TIC LETRAGEIC Taw QIonTrpoy

Eheyyog ov  running = False
e va Teppatios To vrpa (thread)

TEPUOTICUEG TOU ¥AHOTOS KA1 KhEIGIO Taw
opyEion NoU onoBnrelTrkay Ta Sedopva

Yypa 4.5.Kopwa dopn kot dwaypoppa Aertovpyiog g plotActivity.class (Mépog B')
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4.5.3 Tleprypaen Kor avalven Tov classes wov dnpovpyfocope

o v vhomoinon g epappoyng pog ompovpynoape g classes g Java,
LineGraph.class ot Point.class, ywo vo pog Bonbfioovv ot ypaikn OomekovIon Kol GTh
oyedloon TOV oNUEI®V TNG YPAPIKNG TTapdoTacng, amd ta dedouéva TV oontmmpov mov
dwpalovtor pécow USB. O kmdikdg Toug mapatibetol oto Tapdpmua.

LineGraph.class

Eivar vevbovn yio 1t dnuiovpyia kar TtV amemovion THG YPOPIKNG TOPGOTOOS.
Anpovpyet éva avtikeipevo (object) mov avomaptotd T GLUVOAMKY YPAPIKN TaPAGTAGT Kol
pvOuilet, pe tic ueBddoVE oL S100ETEL, OAEC TIC AETTOUEPEIEG KO TTOPAUETPOVG TG YPOPIKNC
OTEKOVIONG, OMMC €ival To €i00¢ TOL YPAPNUATOC, M TPOCONKN KOVOVUPYI®V onueinv, o
oYEO10GLOG Kal 1) TOPOLGIaoT] T®V aEOVAV, TO YPMUATO, TO GTUA TNG YPOPIKNG TUPACTUCNC,
T eplidpia, o péyebog tv ypauudv, tn dvvatotnta (ovy KTA.

O xvpreg pébodot g sivat:

I. LineGraph() : (constructor method). Anuovpyei éva avtikeipevo (object)
OV OVOATTOPLOTA TN GLUVOAIKT YPaQIKN Ttopdotacn kKot puluilel, pe tig uebddovg
7oV O100€TEL, OAEC TIG AEMTOUEPELEC TNG YPAPIKNG OTEIKOVIONC

Il. getView(Context context) emiotpépet ) View mov mepikieist T cvvolikn
YPOPIKT ATEKOVION OGTE VO ELPAVIGTEL GTNV 006V TOL ¥PNoTN

I1l. addNewPoints(Point p) zpocBétel éva kavodpylo onueio 6ty oePd mTov
OVTIOTOlEL 6TO TOGOGTO CO2

IV. addNewPoints2(Point_p) npocbitel éva kavodpylo onueio otn 6Epd TOL
OVTIGTOEL TN TN TG VYPAGTog

V. addNewPoints3(Point p) mpocHétel éva kavovpylo onpeio 6tn oepd TOVL
avtioTolyel otn TYWN G Bepprokpaciog

V1. addNewPointsCnl(Point p) mpocbétel £va kawvovpylo otabepd onueio mov
OVTIGTOXEL GTNV EMAEYIEVT A0 TO YPNOTN TN ovapopds Yo to péyebdog T

VI1I. addNewPointsCn2(Point p) mpocbtet éva kavovpylo otafepd onueio mov
OVTIGTOYEL GTNV EMAEYUEVT GO TO YPNOTN TYL avapopdg yio 1o péyebog t

VIIl. addNewPointsCn3(Point p) npocHétel éva kavobpylo otabepd onpeio mov
OVTIGTO EL GTNV EMAEYLEVT OO TO YPNOTN TN AvaPopds Yo To puéyebog T

IX. adjustl() mpocapudlovy T GLVOMKN YPAPIKH OTEKOVIoN 6TV 000V dhoTe
VO VOVEDVETOL KoL VO, PETAKWVEITOL avTopata mpog ta o0& (auto scrolling)
kaOdg oyedidlovtal kavodpylo onpeia

X. adjust2() Avavedvel T0 PEYIGTO KOl TO EAAYIOTO X TOV SOGTALOTOS EVTOG
7oV 0moiov mpoPdAletal o emBuuNTdg ap1BLdg onueinv dote va yiveton scrolling

Xl. clearOldPoints(int count) pébodog mov apatpel amd T YPAPIKY TOPACTAUCN
To TOAOTEPO GYEOOGUEVD orueia kibe oepdc kot v Kabapilet
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Point.class

AVTITPOCOTEVEL £vd. GNUEID TIC YPUPIKNG TAPACTOONG IE CUVTETAYUEVES GTOVG UEOVEG Y
kot Y. Ot kopieg pébodot g sivar:

. Point(int x,int y) dnuovpyei éva avtikeipevo (object) mov avomopiotd éva
oNUElo LE CLVTETOYUEVES X KO Y

. getX() emotpépel T cvvteTunuévn (n ddotaom X) and Eva docuévo onueio

1. getY () emotpépet T cvvtetayuévn (tn didotaot Y) ond Eve SoGUEVO onuEio

4.5.4 Tleprypoon TV peBOOOV TOV KMOOKO TOV GPOPOVY TIG AELITOVPYIES GYETIKA NE T
ovvoeon USB

Yta emduevo amoondopata Kodika g plotActivity.class mapovoidloviar or pébodot
(methods) mov agopodv Ti¢ Aettovpyieg oyetikd pe t odvdeon USB.

2nueioon: ATo TIC dOKIUES TOL Eyvay dlomioTtdoape 0Tt £va emtmAéov AavOaouévo '0x00'
houPavetar otn mAevpd Tov Android, yio avto Oo TPETEL VAL TO 0yVOTIGOLLE.

M£00d0og setupUsbComm()

H pébodog avtn avarapPdver 1o €pyo NG EMKOW®VIOG KOl TNG €YKOTACTAONG TNG
ovvdeong USB pe 1o kikhopa tov pukpoeheykt .Emotpépet true | false avdloya pe 1o av
Nrav emrvuyés N Ol T0 GTAGHO ™G GVVAESNG. Xpnoyorotel petapopd tomov control transfer
,IOV  €tvol  apL@IOpPOES UETOPOPES Ol OMOieg YPMNOLUOTOLOVVIOL VIO OTOGTOAN HKPOV
LUNVOUAT®V KOl EVIOA®V TTOL €ival amapaitnTes Yo To oToo ¢ ovvdeong USB kat v
TPOETOLOGI0 TNG GLOKELNG. ATooTéAAovTal and Tov host , Tov oty mepintmon pog givot To
Android, oto endpoint 0 tov USB (control endpoint).

Mé£60dog searchEndPoint()

H ovykekpyévn pébodog avalntd to dobéoyua endpoints kot ) dwwbéoun interface (mov
ovviotorot oo Ta v Adym endpoints) tng cuvdeong USB mpokeyévon va yivel ) enkovovio
Kot va gykataotabel n odvdeon USB amd v mponyovpevn pébodo setupUsbComm()
Yuykekpévo avalntape av vrdpyovv endpoints tomov bulk pe apeidpoun kotevBuvon (ko
npog to. péoo kot mpog ta € - In and Out) xar av vmdapyet interface mov SwwBéter Ta
ovykekpéva endpoints. Katevbvvon In givar 1 xatevBuvon and device otov host, evd
korevBuvon Out givan and tov host oto device.

Inueiwon: Onwg €xet dnuovpyndei kot opiotel m interface amd v mhevpd TovL
LIKPOEAEYKTH, Yvopilovpe ek TV mpotépwv Ot vrdpyet pia interface pe tpia endpoints
wmov bulk pe kotevBuvon In (amd device otov host), mov ypnopomorovvTol yo va
SwPalovtor to dedopéva amd to USB, kot éva endpoint tomov bulk pe xatevboven Out to
omoio ypnowyonoleitarl yio vo otélvoviar evtorés amd to Android ctov pukpogleykty. o
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avto 10 AOYo opifovue éva mivaka mov mepiéEyet Tpio, endpoints pe kotevBuven In yopic va
ypealetor va yagovpe oia to endpoints.Eniong opilovpe kot éva Out endpoint.

searchEndPoint

!

avadrodps ouakeLN PE OUykerpILEvo YendorD ko ProductlD

'

anopiBpolps Tic cuvisdepéves SuakeuEs ush oTov Siouho , naipvoups Eva
HashiMap (Sopr| dedopsvey ThG Java) NoU NEPIEYEI SAEC TIC SUvEEBEMEVES CUKELES
Lsh a1 QvadToUME QUTH) NoU pag ev8I0@pEpEl Y yowTas yid SUYKEKpIPEvD 1D

BpEBnee r cuakeLr ush nou

pac evBInpEpEl v ENkKDveoouE Pad TG ; Mrivupa: *H ouckeLn Bev evonioTnie"

Ayadnrodps Tedpo Ushinterface pe Endpoint USB_ENDPOINT _XFER_BULK (Brhadr Tonou bulk,
E oppidpopn kaTsUBuyar, Enhadr USB_DIR_OUT ko USBE_DIR_IM

v

Bpicroups To eidoc ki THY KaTEUBUYST) Tou endpoint

oxi

Bpetnke interface pe appidpopn karslduyor yia USB_ENDPOINT _¥FER_BULK Agy BpEerke interface

Opidnups Trv interface kol Ta avTicToa endpaints
T v JUvEEB0UME PE T SUoKEUR ush kol
¥ PNopodpE v peTapEpoups Ssdopeva

Yympo 4.6.Kopuo dop ko Siaypappe Asrrovpyiog e pedodov searchEndPoint().
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Mé£0060g sendMcuCommand

H péBodog avtn eivar vmevBovn yio TV omMOGTOAN €VIOA®V oTOV MiKpogleykt| . H
AmOGTOAT Yivetal ypnoipomowdvtag petopopd tomov bulk (bulk transfer) oto endpoint Out
nov £yl katevBuvon amd tov host (Android) oto device. XtéAvetal 6Tov UIKPOEAEYKT £val
uvopo ov  amoteleitar and dvo bytes. To mpwto byte eivor n tunq 'OXFF' mov
YPNOYLOTOLEITOL Y10, TO GLYYPOVICUO TNG EMKOWVMVING Kol Yo Vo, SNAmcel v évapén tov
dedouévav, Kot to devtepo byte eival n kKOplor eVTOAT EAEYYOV TPOG TOV WIKPOEAEYKTH 7OV
umopel va €yl pio amod Tig €€N1g 000 TES

e v T 0X01 og byte (dnradn tov aképato apBud 1) , mov sivar 1 evioin
Yo Vo, apYICEL O UIKPOEAEYKTNG VO TAIPVEL LETPNGELC altd TOVG QGO TAPEG Kol VAL TIG
otéhvel oto Android

e v Tiuf 0X02 oe byte (dnAadn tov aképato apBud 2), mov ektdg omd Tov
apBud 2 otédvovial 6Tov HIKPOEAEYKTH Kot GAla 16 bytes mov pvBuifovv ta ADC
KOVAALQL Ko TNV TTePiodo SEIYUATOANYING TOVG GE MSECS (Yiow AiTovpyio YEQULPAG).

e kot v T 0X03 oe byte (dniadn tov axépato apiBud 3), n omoia ivar 1
EVTOAN Y10 VO GTOUOTHGEL O UIKPOEAEYKTNG V. AOUPAVEL KOl VO GTEAVEL LETPNOELC
amd ToLG aeONTHPES Kot v oTOUaTAGEL T oOvdgon pe to Android

M£00d0og releaseUsb()

Avt 1 uébodog amocvvdiel ™ cvvdedeuévn cvokevn USB e v omoia emkovmvodpe
Kot KAeivel ) obvdeon. Oéter null ™ cvvdeon, tn cvokevt], Ta endpoints kat thv avtictoyn
interface, dote 6tav ovvdebel kdmoto kovodpyla cvokevr] USB (7 Eovd n i610), va pmopodue
va cuvdebovue, va emkowvovioovpe poll TG Kol Vo EYKOTOOTICOVUE VEXL GUVOEST OV
Bélovpe.

4.6 Melhovtikég emektaoselg kou avopadpiceig

Kotd 1t OJbpken g ekmdvnong g mopoLGOS OUTAMUATIKNG TPOEKLYOV KOl
ocu{nmOnKav d1dpopeg 10€eg kKot TBAVES PEATUDGELG KO TTPOEKTAGELS TG KATOOKELMS. Opog
dgv Mtav dvvatd vo LAOTONBOLV AGY® TOL TEPLOPIGUOL TOL ¥pdvov Kot e&atticg Tov OTL
Eemepvodoay TO OKOMO TNG TUPOVCHS EPYUCING. AVOQEPOVUE EVOEIKTIKA OPIGUEVEG OO
aVTEG:

i. 2HvOeon TOV KUKADUOTOG TOL LUKPOEAEYKTN HE TelonAekTpikd oTOlXEl0
péom yépupag. To meloniextpikd otoyeio Bo petakivel ™ mAokéto (Spopéa)
pkpookoniov. O pikpogheyktc Ba ehéyyet v petaxivnon Tov melonAekTpkol Kot
Bo Kavel Tig KoTOAANAES S0pbdoEl; MOTE Vo TOPEYEL TNV amopaitnTn axpifeta.
Oa vrapyel avtiotoyn epoapuoyn Android M enéktacT ™G VTAPYOVGOG EQPAUPUOYNS
pe o véo Activity, mov o mapéyel évo ypapikd mepidAlov emkovmviog e TOV
¥pNot, o omoiog Ba. pvOuiler and ™ ocvokevny Android v embounty petaxivnon
tov meloniektpikov kot o AapPdver oty 006vn pRvope ovéAoyo pe To av MTOV
emtuyng N Oyt M petokivnon. To Android Oa emkowovel pe 1o kOKAoUO TOL
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UIKPOEAEYKTN HEC® TG NON eykataoTnuéVNS obvdeong USB kot Ba tov otédvel myv-
opIoHéEVN amd TO YPNOTN- OTOCTACT, UEGM TOL TPWOTOKOAAOL EMKOWOVING 7TOV
gyovpe ovomTOEEL YOO TIG OVAYKEC TNG OLYKEKPEVNG OmAopatikne. Kot o
UIKPOEAEYKTNC HE TN O€pd Tov Bo avolouPdvel tnv mTpoypatonoinorn Tng
petakivnong tov meCoNAEKTPIKOD KoL TOV AVTOUOTO EAEYYO TG,

ii. Beltioon g amobfkevong kot g avaivong Tav dedouévav. Mo tpdcbet
Aerwovpyia ko eméktoon ™G epappoyne Android mov oxeptikoue oAAG dev
KOTAPEPOUE VO DAOTTOMGOVUE AOYM TOL TEPLOPICUOD TOL YPOVOL OV OlOETOLE,
NTov 1 SVVOTOTNTA TNG EPOPUOYNG VO OTEIKOVILEL KOl VO OVOTOPIOTO YPUPIKE TIC
amodnievpéveg TWéG tov actnmpov. H gpapuoyn mov avortdéope, omobnkevet
onmg sidope og apyeia (Tov avaypdeovy Kot TV NUEPOUNVia oV £YVE 1| KaTaypopn
TOV UETPNOEMV) TIC TIUEG TOL AauPavel amd Tovg astnmpeg. O ypromg, Aomdy, Oa
umopel va emé€el Omowo amd T apyeio, mov £yovv amodnkevpuéva To dedopéva,
embouet ko1 n epoppoyn Ba anewovilel ypoaewd Tic Tipég toug. ‘Etol Oa éxel )
duvatdmra va avotpééel oe moAOTEPEG UETPNOoElS TV ueyebdv yuo. mbavn
UEAAOVTIKY avapopd Kot ovykpion. EmmAéov , n epapuoyn 0o umopovoe va
eneepyaletar  ta.  amoOnkevpuéva  apyeion kol vo  wOPOLCIALEL  OTOTIGTIKG
OTTOTEAEGLLOTOL OTO YPNOTI OYETIKG LE TN UETUPOAY TOV TUOV TOV Heyeddv KaTd T
SLAPKELDL TOV YPOVOUL.

iii. Apeon, {OVTOVT KOl GIIOUOKPVOUEVT] EVIUEPMOT) TOL YPNOTH GYETIKG UE TNV
eEEMEN TV Tepapatikav petpnocwv. Ommg &idape, 1 €QOpHoyn TapEYEL ™
SuVOTOTNTO GTO YPNOTN VO EMAEEEL pa emBLUNTA TN ava@opdc Yo kdbe péyedoc.
®o pmopovoe, Aoumdy, vo ETEKTOOEL 1 EPAPLOYN KOl VO YPAPEL KOIKOC DOTE OTAV Ol
TIWEG evog peyEébovg vepPodv Katd TOAD TV TIUN ovaeopdg 1 Eemepd.oovy KAmolo
KOUTOOAL, VO 6TELVETOL GUECH EVUEPMOT GTO YPNoTH, eite pe e-mail eite pe ypomtd
UVOHO 6T0 KvnTd Tov (SMS), €161 MoTE AVTOG He TN GEPAE Tov Vo TPoPel GTIg
eVEPYELEG TTOV KPIvEL KATAAANAEG.

iv. Katdpynon g evevppatng emkowoviog-cvvdeong tov Android pe 1o
KOKA®OUO TOL MIKPOEAEYKTH KOU TPOTIUNGN 1TNG aoVpHaTNg emKowvovias. Oa
TPOGPEPE OMUOVTIKA TAEOVEKTILOTO OV OVTL TG EveLpUaTNG cuvdeong péow USB
OV YPNGIUOTOU|GAE GTNV VAOTOINGN HOC, YPTCYOTOLOVCHUE OGVPLOTY] GCUVOEST
omwc oo mopaderypo Bluetooth. Me ovtd tov tpdémo Oo pmopovooue va
Kotapynoovpe o Kodddo USB kot va amoktrioel  cvokevn Android ave&optnoio
GTO YMOPO AMO TO KUKAMUO TOV PIKPOEAEYKTH KOl TV ousOntipav. Oa ftav dniadn
duvatd 1 GLOKELY] OV OMEKOVICEL YPOEIKE TIS TWEG TOV ooONTHPOV - Kol KOT
EMEKTACON O YPNOTNG - Vo Pploketol oe SPOPETIKO dMUATIO amd TO YDPO TOL
owekdyovtar ou petpnoelg. Movn mpobmdbeon PéPara Ba etvar o KOKA®WO TOL
UUKPOEAEYKT VoL €Yl O1KN Tov ove&apTnTn TpoPodocia (eEwTepikn Tpopodocio 1
umatopio) kot va dbétel cuokevn Bluetooth.

Avtég eivonr opopéveg and Tig mBavEG PEATIOCELS KO EMEKTACELS TNG GVOKELNG TOV
KOTOOKEVAOOLE -KOL CLYKEKPLEVA TG TAevpdg Tov Android, ov Ba propovoe va ovaAdapet
Vo DVAOTOWOEL KGO0 dALO dtopa 1 opdda wov Ba cuvéyile ko Ba fertiove 1o €pyo pag.
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ITAPAPTHMA A
I[Inyoioc KOOIKOG PIKPOEAEYKTT)
A.1 K®owkag yra ™ Aertovpyio USB

Apyeio usbconfig.h  (oplopdc yevik@v mopapétpov TG Asrtovpyiog USB  Tov
HIKPOELEYKTT]):

/*Emoyn Aertovpyiag USB device yia tov pukpogheykty */

#define USB_DEVICE

/*ApBudc emmAéov endpoints wépav tov 0 */

#define NUM_EP_USED 4

/*Ap1Budc timers mov Ba ypesiaotei n Aettovpyio Tov USB */

#define NUM_APP_TIMERS 1

[*Opiopoi endpoints */

#define DATA_OUT  (0x01) /* endpoint yia Afjym dedopévav (eviolmv) */
#define DATA IN1 (0x81) /* endpoint yia amootoAn dedouévmv (petpricewv) */
#define DATA IN2 (0x82) /* endpoint ywa amootoln dedouévav (uetpiioemv) */
#define DATA IN3 (0x83) /* endpoint ywa amootoln dedouévav (petpioemv) */
/*Emloyn tov timer mov Oa ypnoipomomOei

#define TIMER_ID 0

Apyeio descriptors.h (opiopog Tov descriptors) :
#include "em_usb.h"
[*Opwopdg Device Descriptor */
extern const USB_DeviceDescriptor_ TypeDef USBDESC_deviceDesc;
[*Opopodg Configuration descriptor */
extern const uint8_t USBDESC _configDesc[];
/*Opiopdg apBpov buffer yio kabe endpoint */

extern const uint8_t USBDESC_bufferingMultiplier[];
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Apyeio descriptors.c (otoygia ka0e descriptor):
#include "descriptors.h"
/* Device Descriptor */

EFM32_ALIGN(4)

const USB_DeviceDescriptor_TypeDef USBDESC_deviceDesc

((aligned(4)))=
{
.bLength = USB_DEVICE_DESCSIZE,
.bDescriptorType = USB_DEVICE_DESCRIPTOR,
.bcdUSB = 0x0200,
.bDeviceClass = OxFF,
.bDeviceSubClass =0,
.bDeviceProtocol =0,

.bMaxPacketSize0 =USB_FS CTRL_EP _MAXSIZE,

.idVendor = 0x10C4,
.idProduct = 0x0001,
.bcdDevice = 0x0000,
.iManufacturer =0,
.iProduct =0,
.iSerialNumber =0,

.bNumConfigurations = 1
X
/* Configuration descriptor**/
EFM32_ALIGN(4)
const uint8_t USBDESC_configDesc[] __attribute__ ((aligned(4)))=
{
USB_CONFIG_DESCSIZE,
USB_CONFIG_DESCRIPTOR,

USB_CONFIG_DESCSIZE +
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USB_INTERFACE_DESCSIZE +
(USB_ENDPOINT_DESCSIZE * NUM_EP_USED),
(USB_CONFIG_DESCSIZE +
USB_INTERFACE_DESCSIZE +

(USB_ENDPOINT_DESCSIZE * NUM_EP_USED))>>8,

CONFIG_DESC_BM_RESERVED D7 |
CONFIG_DESC_BM_SELFPOWERED,

CONFIG_DESC_MAXPOWER_mA( 100),

[*Interface descriptor */
USB_INTERFACE_DESCSIZE, /* bLength */

USB_INTERFACE_DESCRIPTOR,/* bDescriptorType  */

0, /* binterfaceNumber  */
0, /* bAlternateSetting  */
4, /* bNumEndpoints */

0, /*blnterfaceClass */

0, /* bInterfaceSubClass */
0, /* bInterfaceProtocol */
0, /* ilnterface */

/* endpoint descriptors */

USB_ENDPOINT_DESCSIZE, /* bLength */
USB_ENDPOINT_DESCRIPTOR,/* bDescriptorType  */
DATA IN1, /* bEndpointAddress (IN) */
USB_EPTYPE_BULK, /* bmAttributes */

USB_FS_BULK_EP_MAXSIZE, /* wMaxPacketSize (LSB) */
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0, /* wMaxPacketSize (MSB) */

0, * binterval */
USB_ENDPOINT_DESCSIZE, /* bLength */
USB_ENDPOINT_DESCRIPTOR,/* bDescriptorType  */
DATA IN2, /* bEndpointAddress (IN) */
USB_EPTYPE_BULK, /* bmAttributes */

USB_FS_BULK_EP_MAXSIZE, /* wMaxPacketSize (LSB) */

0, /* wMaxPacketSize (MSB) */
0, /* binterval */
USB_ENDPOINT_DESCSIZE, /* bLength */

USB_ENDPOINT_DESCRIPTOR,/* bDescriptorType  */
DATA IN3, /* bEndpointAddress (IN) */
USB_EPTYPE _BULK, /* bmAttributes */

USB_FS_BULK_EP_MAXSIZE, /* wMaxPacketSize (LSB) */

0, /* wMaxPacketSize (MSB) */
0, /* binterval */
USB_ENDPOINT_DESCSIZE, /*bLength */

USB_ENDPOINT_DESCRIPTOR,/* bDescriptorType  */
DATA OUT, /* bEndpointAddress (OUT)*/
USB_EPTYPE_BULK, /* bmAittributes */
USB_FS BULK_EP_MAXSIZE, /* wMaxPacketSize (LSB) */
0, /* wMaxPacketSize (MSB) */
0 /* binterval */

X

[* Autho péyebog buffer yio kéBe bulk endpoint  */

const uint8_t USBDESC_bufferingMultiplier] NUM_EP USED +1]1={1,2,2,2,2};
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Apyeio cdc.c (mepréyeL Tig ovvapTicelg TG Aettovpyiog USB):
#include "em_device.h"
#include "em_common.h"
#include "em_cmu.h"
#include "em_emu.h"
#include "em_gpio.h"
#include "em_usb.h"

#include "cdc.h"

#define BULK_EP_SIZE 64

/* MéyeBog maxdetov otav déyetat dedousva */
#define USB_RX_BUF_SIZ CDC_BULK_EP_SIZE
/* Méyebog makaeTov 6tav oTEAVEL dedouéva */
#define USB_TX_BUF_SI1Z CDC_BULK_EP_SIZE
/* opioudg buffers yio anodoyr dedopévmv */

STATIC_UBUF(usbRxBuffer0, USB_RX BUF _SIZ); STATIC_UBUF(usbRxBufferl,
USB_RX_BUF_SIZ2);

/* optopdg buffers yio anootolr dedopévav */

STATIC_UBUF(usbTx1Buffer, USB_TX_BUF_SIZ);
STATIC_UBUF(usbTx1Bufferl, USB_TX_BUF_SIZ);

STATIC_UBUF(usbTx2Buffer0, USB_TX_BUF_SIZ);
STATIC_UBUF(usbTx2Bufferl, USB_TX_BUF_SIZ);
STATIC_UBUF(usbTx3Buffer0, USB_TX_BUF_SIZ);
STATIC_UBUF(usbTx3Bufferl, USB_TX_BUF_SIZ);

/*rivaxeg pe deikteg yio kaOe buffer */

static const uint8_t *usbRxBuffer[2] = {usbRxBuffer0,usbRxBufferl };
static const uint8_t *usbTx1Buffer[2]={usbTx1Buffer0,usbTx1Bufferl};
static const uint8_t *usbTx2Buffer[2]={usbTx2Buffer0,usbTx2Bufferl};

static const uint8_t *usbTx3Buffer[2]={usbTx3Buffer0,usbTx3Bufferl};
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/*uetafAntég mov deiyvovv moto buffer ypnoonolodpe
noca bytes deynkape kol tdéoa Bo oteihovue */
static int usbRxIndex, ushBytesReceived;
static int usbTxIndex, usbTxCount;
/*ueTafANTA TOL EVIUEPAOVEL OV EXOVV EEKIVIIOEL OL BN T)pEc™/
static int sensors_init=0;
/*povtiva avarkinong otav orlalel n Kotdotaon tov USB */
void CDC_StateChangeEvent( USBD_State TypeDef oldState,
USBD_State_TypeDef newState)

{
if (newState == USBD_STATE_CONFIGURED)

{
/*Eekvdier 1 Aettovpyio*/
/* dapalovpe gviodn */
usbRxIndex = 0;
USBD_Read(DATA_OUT, (void*) usbRxBuffer[ usbRxIndex ],

USB_RX_BUF_SIZ, UsbhDataReceived);

¥
¥

/*povtiva mov kaAgitat 6tav dexbei dedopévo to USB */
static int UsbDataReceived(USB_Status_TypeDef status,
uint32_t xferred,

uint32_t remaining)

(void) remaining; /* Unused parameter. */
inta,i;
if ((status == USB_STATUS_OK) && (xferred > 0))

{
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usbBytesReceived = xferred,;
a=*(usbRxBuffer[usbRxIndex]);
usbRxIndex "= 1;

usbTxIndex =0 ;

usbTxCount = 64 ;

switch(a){
/*gvTOA Y100 TOVG oueBNTApES VYpaciog,0epuokpaciog,co2 */
casel:
if (sensors_init==0) {
/*Ed® KahohVTOL 01 GUVAPTAGELS TOL EKKIVOVV TOVG ancOntipeg */
sensors_init=1;
}
while (1) {
/*eléyyel av ol awoOnTpeg yéuoov ta buffer*/
if buffer_ready {
/*otélvel Tig petproelg kabe acOntipa™/

USBD_Write(DATA_IN1,(void*) usbTx1Buffer[usbTxIndex] ,

usbTxCount, NULL);

USBD_Write(DATA _IN2,(void*)usbTx2Buffer[usbTxIndex] ,

usbTxCount, NULL);

USBD_ Write(DATA _IN3,(void*) usbTx3Buffer[usbTxIndex] ,

usbTxCount, NULL);

/*oAlaCer buffer yia v endpevn petagopd™*/
usbTxIndex"=1;
/*wafater Tai evion®/

USBD_Read(DATA _OUT, (void*) usbRxBuffer[ usbRxIndex ],

USB_RX_BUF_SIZ, UshDataReceived);

}
break;
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case?2:
/*GLVOPTAGELS Y10 TNV EKKiVNoT TV aieOntipev Yépupag*/
break;
/*gvtol 3 M dyvoot teppatilel v ocvvdoeon*/
case 3 :
USBD_Disconnect();

default :

USBD_Disconnect();

break;

return USB_STATUS_OK;

}

Apyeio main.c (Eexwvagl amhdg ™ Aertovpyia USB):
#include "em_device.h"
#include "em_cmu.h"
#include "em_gpio.h"
#include "em_int.n"
#include "em_usb.h"
#include "cdc.h"

#include "descriptors.h"

static const USBD_Callbacks_TypeDef callbacks =

{
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.usbReset = NULL,
.usbStateChange = CDC_StateChangeEvent,
.setupCmd = NULL,
.isSelfPowered = NULL,
.sofInt =NULL
h
static const USBD_Init_TypeDef usblnitStruct =
{
.deviceDescriptor = &USBDESC_deviceDesc,
.configDescriptor = USBDESC_configDesc,
.stringDescriptors = NULL,
.numberOfStrings = NULL,
.callbacks = &callbacks,
.bufferingMultiplier = USBDESC_bufferingMultiplier,

.reserved =0

%

int main(void)
{
CMU_ClocksSelectSet(cmuClock_HF, cmuSelect HFXO);
USBD _Init(&usblnitStruct);
for (;:)
{
}
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A.2 K®owkag yro T Agrtovpyia Tov orcdntipov
K®dwkag dstypotoinyiog Yo Toug aicOnmipeg vypaociog ,0eppokpaciog kol CO,:
#include "em_device.h"
#include "em_chip.h"
#include "em_system.h"
#include "em_cmu.h"
#include "em_gpio.h"
#include "em_i2c.h"
#include "em_rtc.h"

#include "em_adc.h"

/*ueTpnmc yio. TNV detypatoAnyio®/

int sample_cnt=125;

/*dopég ya v Aettovpyio 12C*/
12C_TransferReturn_TypeDef 12C_Status ;
12C_TransferSeq_TypeDef 12C_Sequence ;
12C_Init_TypeDef i2cInit = 12C_INIT_DEFAULT;

uint8_t i2cbuffer[4];

/*dopég yo v Asttovpyic ADC */

ADC_InitSingle_TypeDef co2_0 = ADC_INITSINGLE_DEFAULT,;
ADC_InitSingle_TypeDef co2_1 = ADC_INITSINGLE_DEFAULT,;
ADC_Init_TypeDef init = ADC_INIT_DEFAULT;

int adc_pin_port=2,adc_pin_num=0;

int channel_index=0 ;

/*doun Yo v Aertovpyion RTC mov mapdyet ta interrupts pe pubud 1KHz*/

RTC_Init_TypeDef rtcinit = RTC_INIT_DEFAULT;
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/*gvepyomoinon TV omapaitnT@V poAOYIOV */

void setupClocks(void)

{
I* evepyomoinon LFRCO kot RTC */
CMU_OscillatorEnable(cmuOsc_LFRCO, true, true);
CMU_ClockSelectSet(cmuClock_LFA,cmuSelect_LFRCO);
CMU_ClockEnable(cmuClock_RTC, true);
[*papo RTC 1ms */
CMU_ClockDivSet(cmuClock_RTC,cmuClkDiv_32);
I* gvepyomoinomn neplpepelax®dv vynAng cuyvotntac*/
CMU_ClockEnable(cmuClock_HFPER,true);
I* evepyonoinon 12C1 */
CMU_ClockEnable(cmuClock _12C1, true);
[*gvepyomoinon GPIO */
CMU_ClockEnable(cmuClock_GPIQ, true);
I* evepyonoinon ADC */
CMU_ClockEnable(cmuClock_ADCO,true);
/* evepyomoinon mepLpepelok®dV xounAng evépyetog (RTC )*/

CMU_ClockEnable(cmuClock_CORELE, true);

[*npogtoacio 12C*/
void Setup_i2c()

{

/*emihoyn Toto, pins Ba ivon  BOpa 12C */
GPIO_PinModeSet(gpioPortC, 5, gpioModeWiredAnd, 1);

GPIO_PinModeSet(gpioPortC, 4, gpioModeWiredAnd, 1);
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12C1->ROUTE = I12C_ROUTE_SDAPEN |
12C_ROUTE_SCLPEN |
(0 << _I2C_ROUTE_LOCATION_SHIFT);
12C_Init(12C1, &i2clnit);
I* gvepyomoinom interrupts */
NVIC_ClearPendinglRQ(I12C1_IRQn);
NVIC_EnablelRQ(12C1_IRQn);
/FYopaKTNPIOTIKA TG LETPTIONG aTd Tov ausnmpa g epyacioc™/
12C_Sequence.addr = 0x50 ;
12C_Sequence.flags = 12C_FLAG_READ;
12C_Sequence.buf[0].data = i2cbuffer ;

12C_Sequence.buf[0].len = 4;

/* interrupt handler tov 12C */

void 12C1_IRQHandler(void)

{
12C_Status = 12C_Transfer(12C1);
if (12C_Status==i2cTransferDone) {
[*av ohokAnpmOnke N petpnon otélveton oto buffer yia amootoln*/
}
}

/* mpoetopacio ADC */
void setupADC(void)

{
[* pin yio T dMpovpyio Tov TETPOYOVIKOD THAUOD*/

GPIO_PinModeSet(adc_pin_port,adc_pin_num,gpioModePushPull,0);
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/*opropdg KovaAiov yia ) pétpnon tov CO2*/

co2_0.reference = adcRefVDD;

co2_0.input = adcSinglelnpCh0;

co2_0.reference = adcRefVDD;

co2_0.input = adcSinglelnpCh1,;

/*opioude yopoktnprotik@v tov ADC kat evepyomoinon tov™*/
init.timebase = ADC_TimebaseCalc(0);

init.prescale = ADC_PrescaleCalc(400000,0);
ADC_Init(ADCO, &init);

I* evepyomoinon ADC interrupt yio ohokAnpmon pérpnong */
ADC_IntEnable(ADCO, ADC_IF_SINGLE);

NVIC_EnablelRQ(ADCO_IRQn);

/* interrupt handler too ADC */

void ADCO_IRQHandler(void)

{

ADC_IntClear(ADCO, ADC_IF_SINGLE);
/*av pérpnoe 1o kavdl 0 dwfaler v Ty Ko Eekvdet va dofdlel o Kavair 1/
if (channel_index==0) {
channel_index "=1;
/*e¢d®d M petpnon otédvetat oto buffer yio amostoln*/
ADC_InitSingle(ADCO, &co2_1);
ADC_Start(ADCO, adcStartSingle);
}
/*av pétpnoe to kovdAl 1 dhda&e to pin og 0%/

else {
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channel_index =1,
/Isend value to buffer

GPIO_PinOutToggle(adc_pin_port,adc_pin_num);

I* mpogtopacio RTC */

void setupRtc(void)

{

[*yopaktpiotikd RTC */
rtcinit.enable = true;
rtcinit.compOTop = true;
rtcInit.debugRun = false;
RTC_CompareSet(0, 0);

I* evepyomoinon RTC interrupt ywa 6tav mepvael Ims */
RTC_IntEnable(RTC_IFC_COMPO);
NVIC_EnablelRQ(RTC_IRQn);

I* exkivnon RTC */

RTC_Init(&rtclnit);

}

/* interrupt handler tov RTC*/

void RTC_IRQHandler(void)

{
RTC_IntClear(RTC_IFC_COMPO);

/*av dev mépacav 125ms peiwoe tov perpnei*/
if (sample_cnt) {

sample_cnt -= 1,
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else {
sample_cnt=125;
/*av mépacav 125ms avoiée to pin av ftov 0 */
if (GPIO_PinOutGet(adc_pin_port,adc_pin_num)==0) {

GPIO_PinOutToggle(adc_pin_port,adc_pin_num);

}

/*av frav 1 Tape petpnoeig */

else {
12C_Status = 12C_TransferInit(12C1,&I2C_Sequence);
ADC_InitSingle(ADCO, &co2_0);

ADC_Start(ADCO, adcStartSingle);

int main(void)

{
setupClocks();
Setup_i2c();
setupADC();
setupRtc();
I* Infinite loop */
while (1) {

}
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Hopaptnpao B
Inyaioc kodwkag Android
B.1 K®dwkag Android o€ Java

MainActivity.java

import android.support.v7.app.ActionBarActivity;
import android.os.Bundle;

import android.view.Menu;

import android.view.Menultem;

import android.view.View;

import android.content.Intent;

import android.widget.Button;

public class MainActivity extends ActionBarActivity {

private Button exitButton;

@Override

protected void onCreate(Bundle savedlnstanceState) {
super.onCreate(savedInstanceState);

setContentView(R.layout.activity _main);

/oot Yo 6000 Ko KAEIGILO EQAPLOYNS
exitButton = (Button) findViewByld(R.id.button4);
exitButton.setOnClickListener(new View.OnClickListener() {
@Override
public void onClick(View view) {
/ffinish();

/ISystem.exit(0);
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moveTaskToBack(true);
}
b

}
@Owverride

public boolean onCreateOptionsMenu(Menu menu) {
/I Inflate the menu; this adds items to the action bar if it is present.
getMenulnflater().inflate(R.menu.menu_main, menu);

return true;

@Override

public boolean onOptionsltemSelected(Menultem item) {
/I Handle action bar item clicks here. The action bar will
/I automatically handle clicks on the Home/Up button, so long
/I as you specify a parent activity in AndroidManifest.xml.
int id = item.getltemld();
/Inoinspection SimplifiablelfStatement
if (id == R.id.action_settings) {

return true;

}
return super.onOptionsltemSelected(item);

}

public void sensorsGui(View view) {

[lexkivnon Activity ywa Aettovpyia oucOntpov

Intent intentl = new Intent(this, sensorsUiActivity.class);

startActivity(intentl);
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public void piezoelectrGui(View view) {
Il exxivnon Activity yia Aettovpyio melonAektpikod
Intent intent2 = new Intent(this, piezoelectrUiActivity.class);

startActivity(intent2);

sensorsUiActivity.java

import android.content.Context;
import android.support.v7.app.ActionBarActivity;
import android.os.Bundle;

import android.util.Log;

import android.view.Menu;

import android.view.Menultem;
import android.content.Intent;

import android.view.View;

import android.widget. ArrayAdapter;
import android.widget.Button;
import android.widget.CheckBox;
import android.widget.EditText;
import android.widget.RadioButton;
import android.widget.Spinner;
import android.widget. TextView;
import android.widget. ToggleButton;

import java.util. Arrays;

public class sensorsUiActivity extends ActionBarActivity
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private static final String TAG = "AndroidUsbHostMcu";
Spinner mspin;

Spinner mspin2;

Spinner mspin3;

TextView txtviewl;

TextView txtview?2;

TextView txtviews3;

Integer refl;

Integer ref2;

Integer ref3;

int indx;

/Ionuiovpyio AéEev KAEWOUDV —OVAYVOPICTIKOV Y10, TEPOCUN OC TOPUUETPOV CTNV
/lembduevn Activity tov emtloydv Tov ypnotn oyetikd ue mola peyedn (Ospuoxpocia,
/hvypacia,co2) embouel va Anebovv ot TéEC Tovg amd TOvg aucHnTipes Kol va
//mOpoLGIUGTODY YPUPIKA

public final static String My _arrayl =
"com.example.nakama.myapplication_new.myarrayl";
public final static String My _array2 =
"com.example.nakama.myapplication_new.myarray2";
public final static String My _array3 =
"com.example.nakama.myapplication_new.myarray3";
public final static String My _choice =
""com.example.nakama.myapplication_new.mychoice";

//dmuovpyio AéEemv KAEWOIDV —aVOYVOPICTIKOV Yo TEPAUCUN ©OF TOPUUETPOV CTNV
/lembpevn Activity tov tiudv avaeopdg tov peyedmv mov enéheée 0 ypioTng

public final static String My _refl =
"com.example.nakama.myapplication_new.myref1";

public final static String My _ref2 =
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"com.example.nakama.myapplication_new.myref2";
public final static String My_ref3 =

""com.example.nakama.myapplication_new.myref3";

int choice=0; //uetphel mooa and ta tpia peyédn (Oeppoxpacia, vypacia, TOGOGTO
1/c02) éxel emAéer o ypoTNG Va. amelkovioetl Kot To yvootonotel otnv plotActivity

String temp_array;
String hum_array;

String co2_array;

@Override
protected void onCreate(Bundle savedlnstanceState) {
super.onCreate(savedlnstanceState);

setContentView(R.layout.activity _sensors_ui);

txtviewl=(TextView)findViewByld(R.id.textView4);
txtviewl.setVisibility(View.INVISIBLE);

/I Anuovpyio Tev avtikewévav Spinner wov givor gidog dropdown menu kat //xafopiopog
€vOg oLuvOloL TV Y To KaBéva, amd Tic omoieg pmopel va emhéEel o //ypiotng pio
CLYKEKPEVT ®C TN avapopds Yo to avtiotoryo péyebog. Ta //spinners Bétoval apykd
adpato Kot ovevepya £0¢ OTov 0 xpNotng va emirééel 1o //avtiotoyyo péyedog

mspin=(Spinner) findViewByld(R.id.spinner);
//xaBopiopdg GUVOLOL TILMV AVOEOPAS Yol ETAOYT Yo TN Oeppokpacio
Integer[] items = new Integer[]{22,24,26,28,30};

ArrayAdapter<Integer> adapter = new
ArrayAdapter<integer>(this,android.R.layout.simple_spinner_item, items);

mspin.setAdapter(adapter);
/Imspin.setEnabled(false);
mspin.setVisibility(View.INVISIBLE);

txtview2=(TextView)findViewByld(R.id.textView?7);
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txtview2.setVisibility(View.INVISIBLE);
mspin2=(Spinner) findViewByld(R.id.spinner2);

/[x0B0p1o oS GUVOLOL TILAOV AVOPOPAS Y10, ETIAOYR Y10 TNV VYPO.CId,
Integer[] items2 = new Integer[]{45,50,55,60,65};

ArrayAdapter<Integer> adapter2 = new
ArrayAdapter<Integer>(this,android.R.layout.simple_spinner_item, items2);

mspin2.setAdapter(adapter2);
/Imspin2.setEnabled(false);

mspin2.setVisibility(View.INVISIBLE);

txtview3=(TextView)findViewByld(R.id.textView6);
txtview3.setVisibility(View.INVISIBLE);
mspin3=(Spinner) findViewByld(R.id.spinner3);

/xaBop1opdS GULVOROL TIUAOV AVOPOPAS Y10, ETIAOYT Y10 TO TOGOGTO TOV CO2
Integer[] items3 = new Integer[1{3,4,5,6,7};

ArrayAdapter<Integer> adapter3 = new
ArrayAdapter<Integer>(this,android.R.layout.simple_spinner_item, items3);

mspin3.setAdapter(adapter3);
/Imspin3.setEnabled(false);

mspin3.setVisibility(View.INVISIBLE);

@Owverride

public boolean onCreateOptionsMenu(Menu menu) {
/I Inflate the menu; this adds items to the action bar if it is present.
getMenulnflater().inflate(R.menu.menu_sensors_ui, menu);
return true;

}
@Override
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public boolean onOptionsltemSelected(Menultem item) {
int id = item.getltemld();
if (id == R.id.action_settings) {
return true;

¥

return super.onOptionsltemSelected(item);

¥

Intent intent = getintent();

//H pébodoc ot ekteleitan dtav o ypnotng entlé€el kamolo (éva n meptocoTepa,) omd //ta
ueyédn mov embvuel va. LETPNGEL KoL VO, OTEIKOVIGEL YPAPIKA SAEYOVTAG TO //0VTIGTOLYO
radiobutton. Ztnqv apyn Ppiokovue mowo (R mown) radiobutton emédele o //yprone,
amobnkebovue ™V emAoyn Tov Kot gpgovifovpe 1o avtictoryo spinner //dote vo emhéEet

T avaPopdc Yo To péyedog
public void onRadioButtonClicked(View view)

{

/lav emiéyxOnke to radiobutton mov avtictouyel otn Beppokpacio

if ((view.getld() == R.id.temperature) && ((RadioButton) view).isChecked()) {
choice++;
RadioButton optionl = (RadioButton) findViewByld(R.id.temperature);
optionl.setClickable(false);
[lomobnikevoe v emdoym
temp_array="temperature";
/Imspin.setEnabled(true);
/leppdvice to dropdown menu yio, ETA0YN TIUNG aVAPOPAG
txtviewl.setVisibility(View.VISIBLE);
mspin.setVisibility(View.VISIBLE);

}

/lov emAéyOnie to radiobutton mov avtictoyel oty vYpacia

if ((view.getld() == R.id.humidity) && ((RadioButton) view).isChecked()) {
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choice++,
RadioButton option2 = (RadioButton) findViewByld(R.id.humidity);
option2.setClickable(false);

[lamoBnKkevoe ™V emAoyn
hum_array="humidity";
/Imspin2.setEnabled(true);

/lepeavice to dropdown menu yio emiAoyn TG OVaQPOpPag
txtview2.setVisibility(View.VISIBLE);

mspin2.setVisibility(View.VISIBLE);

/lav emiéyxOnke to radiobutton mov avtictolyel 610 T0c0GTO TOL CO2
if ((view.getld() == R.id.c02) && ((RadioButton) view).isChecked()) {

choice++;
RadioButton option3 = (RadioButton) findViewByld(R.id.co2);
option3.setClickable(false);

llamoBnKkevoe v emAoyn
co2_array="co2";
/Imspin3.setEnabled(true);

/leppdvice to dropdown menu yio, ETA0YN TIUNG aAVAPOPAg
txtview3.setVisibility(View.VISIBLE);

mspin3.setVisibility(View.VISIBLE);

//H mopaxdro péBodog ovtr exTeAgitonl OTOV TMATHCEL O YPNOTNG TO KOLUTL Yio T
/loyediaon g Ypaeiknc Topdotacng kat Eekvael | avtiotoyn Activity //(plotActivity)

public void OnButtonPlot(View view) {

[Iclear —reset radiobuttons
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RadioButton rb1 = (RadioButton) findViewByld(R.id.temperature);
RadioButton rb2 = (RadioButton) findViewByld(R.id.humidity);
RadioButton rb3 = (RadioButton) findViewByld(R.id.co2);
rbl.setChecked(false);

rb2.setChecked(false);

rb3.setChecked(false);

/duovpyia intent yia vo, popodue vo. Eekvioovue v enduevn Activity //(plotActivity)
Intent intent3 = new Intent(this, plotActivity.class);

/I316Pacuo TIHdV avapopdg mov enélele 0 xpHoTe oo Ta avTikeipneva spinner
ref1=(Integer)mspin.getSelecteditem();
ref2=(Integer)mspin2.getSelectedltem();
ref3=(Integer)mspin3.getSelectedltem();

/Imépac o TapapsTpmy — ETAOY®Y Yot oty enduevn Activity
intent3.putExtra(My_choice, choice);
intent3.putExtra(My_arrayl, temp_array);
intent3.putExtra(My_array2, hum_array);
intent3.putExtra(My_array3, co2_array);

//méEPacpO TIHAV avapopds mov enéleée o ypnotg oty endpevn Activity
intent3.putExtra(My_refl,refl);
intent3.putExtra(My_ref2,ref2);

intent3.putExtra(My_ref3,ref3);

/lexkivnon Activity yia oyedioon ypa@ikng Tapaotacng
Intent intent = getIntent();
startActivity(intent3);
}
/lemoTpogn micw oty 006vn g Tponyoduevng Activity (MainActivity)

@Override
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public void onBackPressed() {
Intent intent4 = new Intent(this, MainActivity.class);

startActivity(intent4);

PlotSettingsActivity.java

import android.content.Intent;

import android.support.v7.app.ActionBarActivity;
import android.os.Bundle;

import android.view.Menu;

import android.view.Menultem;

import android.view.View;

import android.widget. ArrayAdapter;

import android.widget. NumberPicker;

import android.widget.Spinner;

public class PlotSettingsActivity extends ActionBarActivity {

public final static String temp_Ref=
""com.example.nakama.myapplication_new.temp_Ref";
public final static String tempMx =
"com.example.nakama.myapplication_new.tempMx";
public final static String tempMn =

""com.example.nakama.myapplication_new.tempMn";
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public final static String humRef =
"com.example.nakama.myapplication_new.humRef";
public final static String humMx =
"com.example.nakama.myapplication_new.humMx";
public final static String humMin =
""com.example.nakama.myapplication_new.humMin";
public final static String co2R =
""com.example.nakama.myapplication_new.co2R";
public final static String co2Mx =
""com.example.nakama.myapplication_new.co2Mx";
public final static String co2Mn =
""com.example.nakama.myapplication_new.co2Mn";
public final static String timeChoice =

"com.example.nakama.myapplication_new.timeChoice";

NumberPicker np1;
NumberPicker np2;
NumberPicker np3;
NumberPicker np4;
NumberPicker np5;
NumberPicker np6;
NumberPicker np7;
NumberPicker np8;
NumberPicker np9;
Spinner mspin;
Integer tempRef;
Integer tempMax;

Integer tempMin;
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Integer humidRef;
Integer humidMax;
Integer humidMin;
Integer co2Ref;
Integer co2Max;
Integer co2Min;

String timeRef;

@Override
protected void onCreate(Bundle savedlnstanceState) {
super.onCreate(savedlnstanceState);

setContentView(R.layout.activity plot_settings);

/Inumberpickers for temperature
npl = (NumberPicker) findViewByld(R.id.numberPicker);
npl.setMaxValue(40);
npl.setMinValue(18);
npl.setValue(36);
np2 = (NumberPicker) findViewByld(R.id.numberPicker2);
np2.setMaxValue(45);
np2.setMinValue(10);
np2.setValue(37);
np3 = (NumberPicker) findViewByld(R.id.numberPicker3);
np3.setMaxValue(34);
np3.setMinValue(0);
np3.setValue(28);

/Inumberpickers for humidity
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np4 = (NumberPicker) findViewByld(R.id.numberPicker4);
np4.setMaxValue(90);
np4.setMinValue(10);
np4.setValue(60);
np5 = (NumberPicker) findViewByld(R.id.numberPicker5);
np5.setMaxValue(100);
np5.setMinValue(0);
np5.setValue(70);
np6 = (NumberPicker) findViewByld(R.id.numberPicker6);
np6.setMaxValue(40);
np6.setMinValue(0);
np6.setValue(40);
/Inumberpickers for co2
np7 = (NumberPicker) findViewByld(R.id.numberPicker7);
np7.setMaxValue(12);
np7.setMinValue(2);
np7.setValue(5);
np8 = (NumberPicker) findViewByld(R.id.numberPicker8);
np8.setMaxValue(20);
np8.setMinValue(5);
np8.setValue(7);
np9 = (NumberPicker) findViewByld(R.id.numberPicker9);
np9.setMaxValue(10);
np9.setMinValue(0);

np9.setValue(3);

mspin=(Spinner) findViewByld(R.id.spinner);
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String[] items = new String[]{"secs","hours","days"};

ArrayAdapter<String> adapter = new
ArrayAdapter<String>(this,android.R.layout.simple_spinner_item, items);

mspin.setAdapter(adapter);
/Imspin.setEnabled(false);

/Imspin.setVisibility(View.INVISIBLE);

@Override

public boolean onCreateOptionsMenu(Menu menu) {
/I Inflate the menu; this adds items to the action bar if it is present.
getMenulnflater().inflate(R.menu.menu_plot_settings, menu);

return true;

@Override

public boolean onOptionsltemSelected(Menultem item) {
/I Handle action bar item clicks here. The action bar will
/I automatically handle clicks on the Home/Up button, so long
/I as you specify a parent activity in AndroidManifest.xml.

int id = item.getltemld();

/Inoinspection SimplifiablelfStatement
if (id == R.id.action_settings) {

return true;

return super.onOptionsltemSelected(item);
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public void SavePlotSettings(View view) {

/I apupavovpe TG EMAOYEG TOV YPNOTN Y10 T YPOPIKY] OTEIKOVIOT
/[dNAadN T ovapopas, HEYIOTN KOt EAGYLGTN TN OLOCTNUATOS OTEIKOVIGTC

tempRef=npl.getValue();

tempMax=np2.getValue();

tempMin=np3.getValue();

humidRef=np4.getValue();

humidMax=np5.getValue();

humidMin=np6.getValue();

co2Ref=np7.getValue();

co2Max=np8.getValue();

co2Min=np9.getValue();

timeRef= (String)mspin.getSelectedltem();

[lxon T1g TEpVAE OG TOPAUETPOVG
Intent intent = new Intent(this, sensorsUiActivity.class);
intent.putExtra(temp_Ref,tempRef);
intent.putExtra(tempMx,tempMax);
intent.putExtra(tempMn,tempMin);
intent.putExtra(humRef,humidRef);
intent.putExtra(humMx,humidMax);
intent. putExtra(humMin,humidMin);
intent.putExtra(co2R,co2Ref);
intent.putExtra(co2Mx,co2Max);
intent.putExtra(co2Mn,co2Min);

intent.putExtra(timeChoice,timeRef);
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startActivity(intent);

plotActivity.java

package com.example.nakama.myapplication_new;
import java.io.DataOutputStream;

import java.io.File;

import java.io.FileOutputStream;

import java.io.ObjectOutputStream;

import java.io.OutputStream;

import java.nio.ByteBuffer;

import java.text.SimpleDateFormat;

import java.util.Date;

import java.util. HashMap;

import java.util. Iterator;

import java.util. Random;

import org.achartengine.ChartFactory;

import org.achartengine.GraphicalView;
import org.achartengine.chart.PointStyle;
import org.achartengine.model.SeriesSelection;

import org.achartengine.model. XYMultipleSeriesDataset;
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import org.achartengine.model. XY Series;

import org.achartengine.renderer. XY MultipleSeriesRenderer;
import org.achartengine.renderer.XYSeriesRenderer;
import org.achartengine.tools.PanListener;

import org.achartengine.tools.ZoomEvent;

import org.achartengine.tools.ZoomL.istener;

import android.app.Activity;

import android.app.Pendinglntent;

import android.content.BroadcastReceiver;

import android.content.Context;

import android.content.Intent;

import android.content.IntentFilter;

import android.graphics.Bitmap;

import android.graphics.Bitmap.CompressFormat;
import android.graphics.Color;

import android.graphics.PointF;

import android.hardware.usbh.UsbConstants;

import android.hardware.usbh.UsbDevice;

import android.hardware.usb.UsbDeviceConnection;
import android.hardware.usbh.UsbEndpoint;

import android.hardware.usb.UsblInterface;

import android.hardware.usbh.UsbManager;

import android.hardware.usbh.UsbRequest;

import android.os.AsyncTask;

import android.os.Bundle;

import android.os.Environment;

import android.os.PowerManager;

import android.util.Log;
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import android.view.MotionEvent;

import android.view.View;

import android.view.ViewGroup.LayoutParams;
import android.view.WindowManager;

import android.widget.Button;

import android.widget.EditText;

import android.widget.LinearLayout;

import android.widget. Toast;

public class plotActivity extends Activity {

public final static String My_arrayl =
"com.example.nakama.myapplication_new.myarrayl";
public final static String My _array2 =
"com.example.nakama.myapplication_new.myarray2";
public final static String My _array3 =
"com.example.nakama.myapplication_new.myarray3";
public final static String My _choice =

"com.example.nakama.myapplication_new.mychoice";

public int j;

private static GraphicalView view;

[[dnpovpyio avtikeyévou (object) ypapikng mapdotaong
private LineGraph line=new LineGraph();
Ilprivate LineGraph2 line2=new LineGraph2();
/lprivate LineGraph3 line3=new LineGraph3();

private static Thread thread;
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private boolean running;

//opiopdg 6Tafep®V TPOTOKOALOD EMKOWVOVIOG LLE TO LIKPOEAEYKT Méow USh
private static final byte IGNORE_00 = (byte) 0x00;
private static final byte SYNC_WORD = (byte) OXFF;
private static final int CMD _OFF = 2;
private static final int CMD _ON =1,
private static final int CMD_TEXT = 3;
private static final int MAX_TEXT_LENGTH = 16;
int indx;

/TuetaPAnTéc yio ta onueia kdOe peyébovg
int yl;
int y2;

int y3;

/Metpntéc v pétpnuo tov appod TV onueimv mov oyeddlovial ot YPUQIKN
/[mapactacn yio kéOe uéyebog

int count;
int count2;
int count3;
//T0 AVOyVOPIGTIKA TOL OVTIGTOLYOVV GTI GUGKELT] TOL HKPOEAEYKTY] IOV EYOVLLE
private static final int targetVendorID = 4292;
private static final int targetProductID = 1;

private static final String ACTION_USB_PERMISSION =
"com.android.example.USB_PERMISSION";

Pendinglntent mPermissionintent;

private UsbManager usbManager;

private UsbDevice deviceFound;

private UsbDeviceConnection ushDeviceConnection;

private Usbinterface usbinterfaceFound = null;
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private UsbEndpoint endpointOut = null;
private UsbEndpoint endpointin = null;
private UsbEndpoint endpointin2 = null;
private UsbEndpoint endpointIn3 = null;
private Button startbt;

private Button stopbt;

Usblnterface usblInterface;

/lprivate String filel = "temperature";
/lprivate String file2 = "humidity";

/lprivate String file3 = "Co2";

/loplopodg Kot opylKomoinon TV apyeiov  yo. amobnkevon TV  0edopévev TV
/laneOnmipwv mov duPalovtor kot oyedidlovton

File filel;

File file2;

File file3;

File fileTemperature;

File filehumidity;

File fileCo2;

FileOutputStream streaml = null;
FileOutputStream stream2 = null;

FileOutputStream stream3 = null;

@Owverride
public void onCreate(Bundle savedlnstanceState) {
super.onCreate(savedInstanceState);

setContentView(R.layout.activity_plot);
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Intent intent4 = getintent();
Intent intent = getIntent();

String action = intent.getAction();

startbt=(Button) findViewByld(R.id.start);
stopbt=(Button) findViewByld(R.id.stop);
startbt.setEnabled(true);

stopbt.setEnabled(false);

/Iduovpyioc UsbManager mov ehéyyel kot daygpiletar v katdotacn g //obhvdeong
Usb kat emtkovovel pe Tn ovveederév GUGKEDT

usbManager = (UsbManager)getSystemService(Context. USB_SERVICE);

//evToAn yia vo Topapével 1 000vn evepyn kot vo, un ofnvet 6co ektedeitan to thread //ya
TN AW TOV LETPICEDY KOl TN YPOQIKN ATEKOVIOT TOVG GE TPUYUATIKO YpOVO

getWindow().addFlags(WindowManager.LayoutParams.FLAG_KEEP_SCREEN_ON);

/ffinal int j = intent4.getIntExtra(sensorsUiActivity.My_choice, 0);

/IAGPacpa  mopopétpev  (emhoyég  ypnotm) amd v mpomyoduevn  Activity
//(sensorsUiActivity)

final String rblname = intent4.getStringExtra(sensorsUiActivity.My_arrayl);
final String rb2name = intent4.getStringExtra(sensorsUiActivity.My_array2);
final String rb3name = intent4.getStringExtra(sensorsUiActivity.My_array3);
final Integer refl = intent4.getIntExtra(sensorsUiActivity.My_refl, 0);
final Integer ref2 = intent4.getIntExtra(sensorsUiActivity.My_ref2,0);

final Integer ref3 = intent4.getIntExtra(sensorsUiActivity.My_ref3,0);

/lxataydpnon tov mUshReceiver mov dtav cuvdéetor po cuokewn ush {ntdet adeia //omod
TO YPNOTN YO VO EMKOWVmVIoEL pali Tng
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mPermissionintent = Pendinglntent.getBroadcast(this, 0, new Intent(

ACTION_USB_PERMISSION), 0);

IntentFilter filter = new IntentFilter(ACTION_USB_PERMISSION);

registerReceiver(mUsbReceiver, filter);

Ilxataymdpnon Tov mUsbDeviceReceiver yio va avtoamokpivetol avaloyo otav //cuvdéetal

N amocvVoEETaL Uio. GVGKELT USh
registerReceiver(mUsbhDeviceReceiver, new IntentFilter(
UsbManager. ACTION_USB_DEVICE_ATTACHED));
registerReceiver(mUsbhDeviceReceiver, new IntentFilter(

UsbManager. ACTION_USB_DEVICE_DETACHED));

connectUsb();

running=true;

/lnop@omoinom yio TV ELEEVIGT UEPOUNVING Kl MPOG

final SimpleDateFormat formatter
SimpleDateFormat("yyyy MM_dd_HH_mm_ss");

= new

//Avtomokpivetar O6tov o ypnotg matiost to kovumi Start. Tlpdto otéAvetor o1o0
lucpoekeykti 1 eviod; CMD_ ON (0x01 o¢ byte) yio va Eekvijoet ) Aettovpyia //tov, Kot
petd Eexwvaetl to vipo mov dtaalet T TéS TV atsnTApov omd to Ush, //tig amekovilel

YPOPIKA GE TPAYUATIKO XPOVO KoL TIG amodnKevel og apyeia.

startbt.setOnClickListener(new View.OnClickListener() {

/IPowerManager pm =
getSystemService(Context. POWER_SERVICE);

// PowerManager.WakeLock wakeLock = pm.newWakeLock(

/l pm.FULL_WAKE_LOCK , "My wakelook™);

/IwakeL ock.acquire();
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@Override

public void onClick(View v) {

//evtol yuo va EEKIVIIGEL O WIKPOEAEYKTNC VO, AapPBAvel LeTPGEIS amtd TOLG //oncnTipeg
Ko va Tig otélvetl oto Android

sendMcuCommand(CMD_ ON);

/Idnpiovpyia paxérov mov Oo. amobnkevovTol To apyEia e TIC LETPNOELS

filel=new
File(Environment.getExternalStorageDirectory(),"MEASUREMENTS");

if ('filel.exists()) {
filel.mkdirs();
}
[file2=new File(Environment.getExternalStorageDirectory(),"HUMIDITY");

/AN Kol omoBnkevon TG TPEYOLGOG YPOVIKNG OTIYUNS (MUEPOUNVID. Kol (PO) TOL
/[Eexivnoav vo, AapudvovTor Kot vo, KaToypaeovTol Ol LETPTCELS

Date now = new Date();
String fileDate = formatter.format(now) ;

//ovopacio Tov apyeiov mov arodnkebovot ta dedopéva kot Tpdcoheomn 610 dGvoud //Toug
™G XPOVIKNG OTLyUNg Tov Eekivnoe 1 Afyn Kot KOToypopY] TOV LETPTCEDV

Il dnovpyia txt apyeiov
fileTemperature=new File(filel,"TEMPERATURE "+fileDate+".txt");
filehumidity=new File(filel,"HUMIDITY "+fileDate+".txt");
fileCo2=new File(filel,"Co2 "+fileDate+".txt");

Il dnovpyia binary apyeiov
fileTemperatureBin=new File(filel,"TEMPERATURE "+fileDate);
filehumidityBin=new File(filel,"HUMIDITY "+fileDate);

fileCo2Bin=new File(filel,"Co2 "+fileDate);
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startbt.setEnabled(false);
stopbt.setEnabled(true);
llexxivnon vijuatog
Thread threadMcuDataRead =
new Thread(new Runnable() {
@Override
public void run() {
[Idnuovpyia tmv tpiov buffer peyéBovg 64 bytes —évag yia kaOe endpoint//
ByteBuffer buffer = ByteBuffer.allocate(64);
ByteBuffer buffer2 = ByteBuffer.allocate(64);
ByteBuffer buffer3 = ByteBuffer.allocate(64);

[Idnuovpyia kot gkkivion tov acvyypovev orthoemv Usb (mokéto UsbRequest) ota
llavticTtolya endpoints, yia diafoaoua Tmv dedouévmv

UsbRequest request = new UsbRequest();

UsbRequest request2 = new UsbRequest();
UsbRequest request3 = new UsbRequest();
request.initialize(usbDeviceConnection, endpointln);
request2.initialize(usbDeviceConnection, endpointin2);
request3.initialize(usbDeviceConnection, endpointin3);

//peTpnTég Y10 KatapéTpnor TV onpeimv mov £xovv oxedlaoTel 6TN YPOEIKT //Topdotacn

count = 0;
count2 = 0;
count3 = 0;

while (true) {
/ItonoBéton og ovpd Twv arthoewv Ush
request.queue(buffer, 64);
request2.queue(buffer2, 64);

request3.queue(buffer3, 64);
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//apaipeon T@V MOV onueiov 6tav copuminpodel Evag kabopiouévog aptBpog
if ((count==1280)||(count2==1280)||(count3==1280)){
for(int k=0;k<1280;k++) {
line.clearOldPoints(0);
}

Iry {
/IThread.sleep(1000);

/I '} catch (InterruptedException e) {
/le.printStackTrace();
I}
/lundeviopude TV peTpnT®@V ToL TANO0LE TV onusinv
count=0;
count2=0;
count3=0;
}

I try {
Il Thread.sleep(1000);

/I '} catch (InterruptedException €) {
/le.printStackTrace();

n

//d1éPacpa Twv dedopévav omd to TpdTo endpoint-av éxel oAokAnpwbei emTuydS M
/loitnon Usb request kot 1 petagopd - kat toroBémon toug oto buffer

if (usbDeviceConnection.requestWait() == request) {
if (rb3name != null) {
byte[] dataR = new byte[64];
for (indx = 0; indx < 64; indx++) {
dataR[indx] = buffer.get(indx);

if (dataR[indx] '= IGNORE_00) {
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/loyediaorn ™G otabepng TWNG avopopds Tov £xel emAEEEL O ¥PNOTNG YO TO TPAOTO
//néyebog mpog pétpnon

Point prefl=new Point(count,ref3);
line.addNewPointsCn1(prefl);

//B1GPacua pe ™ oepd Tov otoryeiov tov buffer, petatpomn tovg amd popen byte
/Impwta og aplBud kot petd oe onueio (Point),podnuatikn eneepyocia - //kovovikomoinon
Kot TpOcHeon-oyediooT ToV GNUEIOL GTNV AVTIGTOLYN YPAPIKN //TapdcTacT

y1 = (int) dataR[indx];
/1if (rblname != null) {

Point p = new Point(count, normalazation
(y1,max1,minl,axisMax1,axisMinl));

line.addNewPoints(p);
/Ixotouétpnon onueiov mov oyedialovia
count++;
I}
/lypéyipo-amobnkevon kdbe onueiov 6to avtioTol o apyeio
try {
streaml=new FileOutputStream(fileTemperature,true);
streaml.write(dataR[indx]);
streaml.flush();

streaml.close();

I Toast.makeText(getBaseContext()," file
saved", Toast. LENGTH_SHORT).show();

}

catch (Exception e) {

e.printStackTrace();
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¥

Iy {
Il Thread.sleep(1000);

I} catch (InterruptedException e) {
Il e.printStackTrace();

'}

//B16Pacua tov dedouévav amd to devtepo endpoint-ov £xel olokAnpwbel emtuyme 1M
//aitnon Usb request kot 1 petagpopd - kot torobétnon toug oto buffer

if (usbDeviceConnection.requestWait() == request2) {
if (rb2name != null) {
byte[] dataR2 = new byte[64];
for (indx = 0; indx < 64; indx++) {
dataR2[indx] = buffer2.get(indx);

if (dataR2[indx] '= IGNORE_00) {

/loyedioon g otabepng TG avapopds mov Exel emAéEet o YpNoTNG
Point pref2=new Point(count,ref2);

line.addNewPointsCn2(pref2);

//dwPacpo pe ) ogpd tov otorxeiov tov buffer, petotpont tovg omd popeny byte
/Impdra. o€ apdud kol petd oe onueio (Point), kot Tpdcbeon-oyedioon tov onueiov //otv
avTIoTOYM YPOPIKT TOPECTAC

y2 = (int) dataR2[indx];

Point p2 = new Point(count2, normalazation
(y2,max2,min2,axisMax2,axisMin2));

line.addNewPoints2(p2);
count2++;

/lypéypo-amoBnkevon kébe onpeiov oto avtiotoryo apyeio
try {

stream2=new FileOutputStream(filehumidity,true);
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stream2.write(dataR2[indx]);
stream2.flush();

stream?2.close();

1 Toast.makeText(getBaseContext(),"file
saved", Toast. LENGTH_SHORT).show();

}
catch (Exception e) {

e.printStackTrace();

}

Ihry {
Il Thread.sleep(1000);

I} catch (InterruptedException €) {
Il e.printStackTrace();
I}

//dwPacpo Tov dedopévev omd to Tpito endpoint-av €xsr olokAnpwbei emituydg M
/loitnon Usb request kot 1 petagopd - kat toroBémon toug oto buffer

if (usbDeviceConnection.requestWait() == request3) {
if (rblname !'= null) {
byte[] dataR3 = new byte[64];
for (indx = 0; indx < 64; indx++) {
dataR3[indx] = buffer3.get(indx);
if (dataR3[indx] '= IGNORE_00) {
//oyediaon tng otabepng TIUNG avapopdg mov £xel emAéEet 0 ¥pNoTNG

Point pref3=new Point(count,refl);
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line.addNewPointsCn3(pref3);

//aaPoopa pe ™ ogpd v ctoyeiov tov buffer, petatpomn tovg omd popen byte
/Impwta o€ aplBud kot petd oe onpeio (Point), kol tpdcbeon-oyediaon tov onueiov //otv
avTioToyM YPOPIKY TopdoTao

y3 = (int) dataR3[indx];

Point p3 = new Point(count3, normalazation
(y3,max3,min3,axisMax3,axisMin3));

line.addNewPoints3(p3);
count3++;
/lypéyipo-amodnkevon kdbe onueiov 6To avtictolyo apyeio
try {
stream3=new FileQutputStream(fileCo2,true);
stream3.write(dataR3[indx]);
stream3.flush();

stream3.close();

I Toast.makeText(getBaseContext()," file
saved", Toast. LENGTH_SHORT).show();

}

catch (Exception e) {

e.printStackTrace();

/k®OKAG Y10 QVTOHOTN UETOKIVIION TNG YPOUOIKNG Tapdotacng mpog Ta de&id (auto-
[Iscrolling) xkabmg oyedidlovtor kovovpyio onpeio

if ((count <= 128)||(count2 <= 128)||(count3 <= 128)) {
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view.repaint();

}else {

if ((count > 128 && count <= 192)||(count2 > 128 && count2 <=
192)||(count3 > 128 && count3 <= 192)) {

line.adjust1();
line.adjust2();
line.adjust4();

}else {
line.adjust2();

}

try {
Thread.sleep(1000);

} catch (InterruptedException e) {
e.printStackTrace();

}

/Iteppatiopds tov viuatog (thread) otov otopoatiost  epappoyn amd tov ypnot M
//omocuvdedei To ush

if(Irunning) return;

}
ok
//kelo1po TV apyeiov Tov amodnikednray ta dedopéva
try {
stream1.close();
stream2.close();
stream3.close();

¥

catch (Exception e) {
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e.printStackTrace();
}
lexxivnon tov viuatog

threadMcuDataRead.start();

1

/Iview=line.getView(this);

[IsetContentView(view);

[IstartTestThread();

@Owverride
public void onResume() {
super.onResume();
Mif (view == null) {
//pvBpilet To layout dote va eppaviletor otny 000vn 1 Ypapikh Topdotao

LinearLayout layout = (LinearLayout) findViewByld(R.id.chart);

/lepeavilel T YpOoeIKn TopacTIoT
view=line.getView(this);
layout.addView(view, new LayoutParams

(LayoutParams.FILL_PARENT, LayoutParams.FILL_PARENT));

//Evaddaxtikny péBodog yio 6TNOo Kol eykatdotacn tng ovvdeonc Ush, edpeon tov
/lendpoints kor tng avtiotoyng interface, kabmc kot amooToA] unvouatog tomov //control
transfer yio pOOpIoN TOV TOPOUETPOV TNG YPOUUNG ETIKOV®VING
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/lprivate void setDevice(UsbDevice device) {
/lusbinterfaceFound = null;
/I endpointOut = null;
/lendpointin = null;
/Ifor (int i = 0; i < device.getInterfaceCount(); i++)
1§
/levpeon tov endpoints
/IUsblInterface usbif = device.getInterface(0);
//UsbEndpoint[] tin = new UsbEndpoint[3];
//UsbEndpoint tOut = null;
/lint tEndpointCnt = ushif.getEndpointCount();
[[if (tEndpointCnt >= 2) {
[[for (int j = O; j < tEndpointCnt; j++) {
[1if (usbif.getEndpoint(j).getType()
/I == UsbConstants.USB_ENDPOINT XFER_BULK) {
/1if (usbif.getEndpoint(j).getDirection()
/I == UsbConstants.USB_DIR_OUT) {
/I tOut = usbif.getEndpoint(j);
I} else if (ushif.getEndpoint(j).getDirection()
Il == UshConstants.USB_DIR_IN) {
/1 tIn[j] = usbif.getEndpoint(j);
'}
I}
I}
I €bpeon g interface
[fif (tOut = null && tin '=null) {
/I This interface have both USB_DIR_OUT

/l and USB_DIR_IN of USB_ENDPOINT_XFER_BULK
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/lusbiInterfaceFound = usbif;
/lendpointOut = tOut;
/lendpointin = tIn[0];
/lendpointin2 = tin[1];
/I endpointIn3 = tIn[2];
I}

I}

I}

/[if (usbinterfaceFound == null) {
[Ireturn;
I}
//deviceFound = device;
/lavoryua T ovvdeong
[1if (device = null) {
//UsbDeviceConnection connection =
/lusbManager.openDevice(device);
/lif (connection != null &&
/lconnection.claimlInterface(usblInterfaceFound, true)) {

/lomootoly unvopotog tomov controlTransfer yw kobBopiopd 1V mopopéTpmv TG
//ohvdeong

/lconnection.controlTransfer(0x21, 34, 0, 0, null, 0, 0);
/lconnection.controlTransfer(0x21, 32, 0, 0,
/I new byte[] { (byte) 0x80, 0x25, 0x00,
/I 0x00, 0x00, 0x00, 0x08 },

117, 0);

/lusbDeviceConnection = connection;
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/l Thread thread = new Thread();

/I thread.start();

I} else {
/lusbDeviceConnection = null;
I}
I}
I}

//IM£€0000C Yyl OTOGTOAN] EVIOAMV EAEYYOV OTO WIKPOEAEYKTH. XTEAVETOL GTOV
//MKpogAeyKT v ufvopo Tov amoteAeiton and 6vo bytes. To mpdto byte eivor n //un
'OXFF' tov ypNoLOmoLEiTOL Y10, TO GLYYPOVIGUO TNG ETKOWOVING KoLl Yot Vo ONAMGEL //TnVv
évapén tov dedopévav, kat o dgdtepo byte eival n kOpla eviodn eléyyov mov //pmopsi va
éyer iy 0xX01 oe byte , mov gival  evioln Yoo va apyicel 0 UIKPOEAEYKTAG Vo, //maipvet
UETPNOELS amd TOVG auoONTPEG Ko va TI¢ otélvel, kou tnv T 0X03 o byte , 1) //omoia ivat

N EVIOAN Y10 VO GTOUATACEL O UIKPOEAEYKTNG Kol VO, TEPUOTioEL T ovvdeon //usb pe to
Android

private void sendMcuCommand(int control) {
synchronized (this) {
if (usbDeviceConnection != null) {
byte[] message = new byte[2];
//byte yi0. T0 GLYYPOVIGUO TG EMKOVOVIOG
message[0] = SYNC_WORD;
//evTOM) EAEYYOL TOV HKPOEAEYKTN
message[1] = (byte)control;
//0t06TOAY TOL PNVOLLATOG GTOV LKPOEAEYKTH oTo endpoint Out
usbDeviceConnection.bulkTransfer(endpointOut,

message, message.length, 0);

Log.d(TAG, "sendMcuCommand: " + String.valueOf(control));
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@Override
protected void onStart() {
super.onStart();

view=line.getView(this);

[IsetContentView(view);

/lemoTtpoen Tiow oty 006vn ¢ Tponyoduevng Activity (sensorsUiActivity)
@Override
public void onBackPressed() {

/lumdeviopde  —reset g petofAntic  choice  yioo  emavaypnoipomoinon  otny
/IsensorsUiActivity

int choice = 0;
Intent intent6 = new Intent(this, sensorsUiActivity.class);
intent6.putExtra(My_choice, choice);

startActivity(intent6);

//M£€B0doc mov extedeiton Otav 0 YPNOTNG TATAGEL TO kKovumi Stop. Ztédvetal oTo
//upogkeykt| eviodr] (cuykekpipévo n eviody CMD_ OFF mov éxet tyun o€ byte //0x03) yuo
Vo OTOHOTNGCEL VO AOUPAVEL KOl Vo OTEAVEL WPETPNOES amd TOLG cucOnmpeg kot //va
Tepuatiost v emkowmvio Usb pe to Android. Tavtoypove otopatdet kot to //thread mov
dwpaler  dwpkdg Tic  TWég TtV oawnmpov kot tig  oxeodler  (
/lthreadMcuDataRead) ,aAhaovtog T Tywn ¢ petafAntng running oe false.

public void OnButtonStop(View view2)

{
sendArduinoCommand(CMD_ OFF);
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IIreleaseUsb();
IlwakeLock.release();

llotopatder v 0oB6vn tov  Android omd 10 vo  mopouével  evepyn
getWindow().clearFlags(WindowManager.LayoutParams.FLAG_KEEP_SCREEN_ON);

running=false;

releaseUsb();

[ldnuovpyodue évav BroadcastReceiver yio to //ACTION_USB_DEVICE_ATTACHED
kot //ACTION_USB_DEVICE_DETACHED , mov 6o avtamokpiverar avdioya oto av
llovvdéetar M| amoocvvdieton pio cvokewn Ush oto Android.

private final BroadcastReceiver mUsbDeviceReceiver = new BroadcastReceiver() {
@Override
public void onReceive(Context context, Intent intent) {
String action = intent.getAction();
/IOtav cvvdebei pio cuokevn USh
if (UsbManager. ACTION_USB_DEVICE_ATTACHED.equals(action)) {
deviceFound = (UsbDevice) intent
.getParcelableExtra(UsbManager. EXTRA_DEVICE);
/lemyeipnoe va cuvdebeic e T cuokeLN
connectUsb();
//Av amoocvvdehel 1 cuvdedeévn GuckeL)
} else if (UsbManager. ACTION_USB DEVICE_DETACHED.equals(action)) {
UsbDevice device = (UsbDevice) intent
.getParcelableExtra(UsbManager. EXTRA DEVICE);
if (device !=null) {
/Ikon givon 1 ouokevn USh ov emkovovodue pali g
if (device == deviceFound) {
//amocHVOESE TN GLOKELN KOl KAEIGE TN oOvdEDT

releaseUsh();
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/Idnuovpyodue évav BroadcastReceiver mov 6tav cuvdebei oto ovotnuo Android pia
/lovoxevn ush, sugavilerl éva Tapabvpo daddyov ctov ypnotn (Ntdviag Tov Adeln //yio va,
gmkovoviosl Kot va oovoebel poli g ko AopPdver to intent mov mepiéyel //to
EXTRA_PERMISSION_GRANTED, 1o omoio &ivon po boolean tiun mwov //avtimpoconedet
TNV AV oM.

private final BroadcastReceiver mUsbReceiver = new BroadcastReceiver() {
@Override
public void onReceive(Context context, Intent intent) {
String action = intent.getAction();
if (ACTION_USB_PERMISSION.equals(action)) {
synchronized (this) {
/Mapfavovue TV omavTnon Tov ¥pnoT
UsbDevice device = (UsbDevice) intent
.getParcelableExtra(UsbManager. EXTRA_DEVICE);
/lav égovpe o Omd TO YPNOTN KOt EMTPEMETAL VO ENKOVOVI|COVLLE [LE TI GUCKELN
if (intent.getBooleanExtra(
UsbManager. EXTRA _PERMISSION_GRANTED, false)) {
//td1E CLUVOEOLAGTE LIE TN GUOKELT
if (device !=null) {
connectUsb();
}
}else {
[lep@dvion pvOLOTog GOAMLOTOS

Log.d(TAG, "permission denied for device " + device);
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private boolean setupUsbComm()

{

/Mpokeyévoy  vo  eykataotabeli 1 oOvdeon mpémel va  Kabopicovpe KAmoleg
/lovyKekpluéveg TOPAUETPOLS Ol omtoieg pLOUilovy o YaPOKTNPIOTIKE TG ovvdeons. /Ot
TapAuUETpOL avTol oTéAvovtal ue petapopd tomov control transfer oto endpoint 0 //amd tov
host oo device.

final int RQSID_SET_LINE_CODING = 0x20; /lemupénel otov host va
//xaBopicel 11 1810t TEC Hoppomoinong (formatting) yapoxtpwv Tomikng //acOyypovng
ypapunc. ITo ovykekppuéva to SET_LINE_CODING eivon tomog //request mwov pvBuilet tig
TOPOUETPOVE TNG YPOUUUNG EMKOWV®VING Omm¢ gival M //toydtnra emtkowvaviog ,10 uéyebog
TV dedopévmv, 1o bit eléyyov wotipiog (parity //bit), to to puéyebog tov stop bit

final int RQSID_SET_CONTROL_LINE_STATE = O0x22; /I To
/[SET_CONTROL_LINE_STATE «oafopiler 11 pvBuicec tov onupotog eiéyyov //(RTS,
DTR) g ypopung entkovaviag.

boolean success = false;
//dnpovpyio. UsbManager mov dayepiletor t ohvdeon Kot Ty KaTdoToon Thg
UsbManager manager = (UsbManager) getSystemService(Context.USB_SERVICE);

Boolean permitToRead = manager.hasPermission(deviceFound);

if (permitToRead) {
/I «Gvorypoy tng oHvoeong
usbDeviceConnection = manager.openDevice(deviceFound);

if (usbDeviceConnection = null) {
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usbDeviceConnection.claiminterface(usbinterfaceFound, true);

//uetapopd Tomov control transfer oo endpoint 0 yio otfico ™G cOvdeonc ko //pHBuion
TOV TOPUUETPOV TNG

usbDeviceConnection.controlTransfer(0x21, // throg aitfuotog //(requestType)
Yo T petapopd - kabopilel v Katevbuven e HeTapopdg

RQSID_SET_CONTROL_LINE_STATE, /lrequest  ID:
/ISET_CONTROL_LINE_STATE yuo xatnyopia cuckevdv CDC

0, // value

0, /I index, o deixtng mov deiyvel amd mowa Oéon tov buffer Eexwvder n
//uetapopd dedouéEvav

null, // buffer, sivar pndév ywori dev Béhovue va Adfoope 1 vo
//oTeihovpe dedopéva Y10, Vo oToBNKELTOVY GE QLT TN UETAPOPE.

0, // length,to péyebog twv dedopévev mov otéhvovue 1 Aoupavovus
//ce ot ™ peETaPOpPd.

0); // timeout ce milliseconds

[/ baud rate = 9600, kaboproudc ToHTNTOG GVHVIESNC

/I 8 data bit

/1 1 stop bit

byte[] encodingSetting = new byte[] { (byte) 0x80, 0x25, 0x00,
0x00, 0x00, 0x00, 0x08 };

usbDeviceConnection.controlTransfer(0x21, // requestType
RQSID_SET_LINE_CODING, // SET_LINE_CODING
0, // value
0, // index
encodingSetting, // buffer
7, I length, éxer v tyn 7 ywti o buffer éyel 7 bytes
0); // timeout

/lekkivnon véov VNAROTOC TOv avoAapuPdvel TN Agovpylo NG EMKOWMVIAG, TNg
/leyxotdotaong g obvdeonc Ush ko t pHduion Tov Topopétpov g

Thread thread = new Thread();
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thread.start();

}
}else {
manager.requestPermission(deviceFound, mPermissionlntent); [Iintdet
[Impocmpv AdEL0L Y10 VO UTIOPEGEL TO GLYKEKPLUEVO TOKETO Vo, Exel Tpdofaocn ot /lovokevy
}
return success;

private void connectUsb() {
// Bpiokovue to drabéotpa endpoints kat v avtictoyn interface

searchEndPoint();

if (usbinterfaceFound !=null) {
// ko petd eykabiotovpe ™ ocvvoeon

setupUsbComm();

private void releaseUsb() {
if (usbDeviceConnection = null) {
if (usbinterfaceFound != null) {
usbDeviceConnection.releaselnterface(usbinterface);
usblnterfaceFound = null;
}
[[x\giver n oOvdeom Ush
usbDeviceConnection.close();

usbDeviceConnection = null;

118



//6étovpue nuUll Ta otoyeia mov amaptilovv ) cvvdeon (endpoints, interface,kt)), //dote
o6tov ovvdebel kdmow kowovpywe ovokevry ush (1 &ava 1 idw), vo pmopodue /va
EYKATAGTACOVUE VEX GUVOEST av BELOLLE.

deviceFound = null;
usbinterfaceFound = null;
endpointin = null;
endpointOut = null;
endpointin2 = null;

endpointIn3 = null;

private void searchEndPoint()
{
usbinterfaceFound = null;
endpointOut = null;
endpointin = null;
Il Avalntodue ovokevn| pe svuykekpuévo VendorlD kot ProductID
if (deviceFound == null) {

UsbManager manager = (UsbManager)
getSystemService(Context. USB_SERVICE);

/lomapBpodpe T1g cuvdedepéveg cuokevEg USh otov diawAo kot maipvovpe Evo. //HashMap
(doun dedopévev g Java) mov TeEPEYEL OAEC TIG OULVOEIEUEVEG GLOKELES //UsSh Ko
avolNToOHE OVT TOL HOG EVIPEPEL YaXvovToG Y cvykekpiuévo  //VendorlD ko
ProductID

HashMap<String, UsbDevice> deviceList = manager.getDeviceL.ist();

Iterator<UsbDevice> devicelterator = deviceList.values().iterator();

while (devicelterator.hasNext()) {
/le€&gtdlovpe pio TPOG pia TIC GLUVIESEUEVES GLOKEVEG USD
UsbDevice device = devicelterator.next();

if (device.getVendorld() == targetVendorID) {
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if (device.getProductld() == targetProductID) {

//Bpébnke n ovokevn USh mov pag evdlopépel va emkowvovicovpe poli g ( dniadn //to
KOKA®LO TOV UIKPOEAEYKTT)

deviceFound = device;

¥

if (deviceFound == null) {

}else {

/I Avalntodvpe tdpo-apod Ppébnke 1 ovokevn-  Usbinterface pe Endpoint
//lUSB_ENDPOINT_XFER_BULK (dnAadr, tomov bulk) , pe apeidpoun xatevbovon
[Idniadn USB_DIR_OUT kou USB_DIR_IN

[ffor (int i = O; i < deviceFound.getinterfaceCount(); i++) {
Usblnterface usbif = deviceFound.getInterface(0);
UsbEndpoint[] tIn = new UsbEndpoint[3];

UsbEndpoint tOut = null;

int tEndpointCnt = usbif.getEndpointCount();
if ((EndpointCnt >= 2) {
for (int j = 0; j <tEndpointCnt; j++) {
IIBpickovpe to €idog Tov endpoint
if (usbif.getEndpoint(j).getType()
== UshConstants.USB_ENDPOINT_XFER_BULK) {
I[Bpickovpe v katebBvven tov endpoint
if (ushif.getEndpoint(j).getDirection()
== UsbConstants.USB_DIR_OUT) {
tOut = ushif.getEndpoint(j);
} else if (ushif.getEndpoint(j).getDirection()
== UsbConstants.USB_DIR_IN) {
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tIn[j] = usbif.getEndpoint(j);

}
//if (tOut != null && tIn '= null) {

/I H ovykekpyévn interface £yetr koatevbvuvon kor USB_DIR_OUT «or //USB_DIR_IN
(apeiopoun) ywo USB_ENDPOINT_XFER_BULK «xot givar avt) //mov 0éhovpe yio va
EMKOIVAOVI|COVUE

//0piCovpe ko ta avtictorya endpoints wov Bpédnkav
usblInterfaceFound = usbif;
endpointOut = tOut;
endpointin = tIn[0];
endpointin2 = tin[1];
endpointin3 = tin[2];
I}
I}

}

//1€00380¢ Y10 KOVOVIKOTOINGT TV GNLUEL®V TPV TNV OMEKOVIGT] TOVG
private float normalazation (float value,int Max,int Min, int axisMax, int axisMin){
float norm_value= (((value-Min)*(axisMax-axisMin))/(Max-Min))+axisMin;

return norm_value;

LineGraph.java

import android.content.Context;
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import android.graphics.Color;

import com.jjoe64.graphview.GraphView;

import org.achartengine.ChartFactory;

import org.achartengine.GraphicalView;

import org.achartengine.chart.PointStyle;

import org.achartengine.model. TimeSeries;

import org.achartengine.model. XY MultipleSeriesDataset;
import org.achartengine.renderer.XYMultipleSeriesRenderer;

import org.achartengine.renderer.XYSeriesRenderer;

/I Anuovpyel éva avtikeipevo (object) mov avamaplotd ™ GLVOAIKY YPUPIKY //TapdoTtoon
Kot puOuilet, pe tig uebddoL mov dabETEL, OAEG TIC AETTOUEPELEG TNG //YPAPIKNG OTEIKOVIONC,
onm¢ givar yio Topddetypo To €160¢ Tov Ypapnuatog, ot //agoveg, 1o ypdua, o uéyebog twv
YPOUUDV, TO GTUA TV onpeiov, o Teplidpia, ) /duvatotnto (ovp KTA

public class LineGraph {
/ITo avtikeipevo aneikdviong View mov mepikAeiet T ypagiky mapdotaon
private GraphicalView view;

[[dnuovpyodue Yoo kéOe péyeboc Eexwplotd TIC OEWPEG YL YPOPNLOTO  YPOVOL
/[TimeSeries

private TimeSeries dataset=new TimeSeries("C0O2");
private TimeSeries dataset2=new TimeSeries("humidity");
private TimeSeries dataset3=new TimeSeries("'temperature");

//dnuovpyel HoL GLVOAIKT GEPA OV Vo, TEPIAAUPAVEL KoL TIG TPELS MAPOTAVE® GEPES
YPOVOL

private XYMultipleSeriesDataset mDataset= new XYMultipleSeriesDataset();

//dnpovpyodue yio kéOe cepd éva renderer mov pvOuiler ™ popen kot Tov TPOTO pE
//tov onoio oyedialetan Ko Tapovoldletal | kabe cepd

private XYSeriesRenderer renderer=new XY SeriesRenderer();
private XYSeriesRenderer renderer2=new XY SeriesRenderer();

private XYSeriesRenderer renderer3=new XY SeriesRenderer();
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//dnuovpyode GePEG YPOVOL Yo TNV OTEIKOVIOT] TOV GTOOEPOV TIUOV OVOPOPAS TOV
//éxer emAgEet o ypnoTng Yo kbe péyebog

private TimeSeries datasetRefl=new TimeSeries("");
private TimeSeries datasetRef2=new TimeSeries("");
private TimeSeries datasetRef3=new TimeSeries("");
//dnuovpyodue Evay renderer yio kaBepio and Tig GEIPEG TOV TIUDV AVOPOPAS
private XYSeriesRenderer rendererRefl=new XY SeriesRenderer();
private XYSeriesRenderer rendererRef2=new XY SeriesRenderer();
private XYSeriesRenderer rendererRef3=new XY SeriesRenderer();

//dnuovpyodue évo, cuvoliko renderer yioo OAN T YPOQIKY QIEKOVIGT 6TO0 GOVOAD /NG
(mov TeprhapPdverl OAeg Tig oe1péQ) Kat kabopilel T GLVOAIKY TOPOLGINGT

private XYMultipleSeriesRenderer mRenderer=new XY MultipleSeriesRenderer();
//uébodog mov dnuovpyei To avtikeipevo LineGraph (constructor method)
public LineGraph()
{
/ImpocBétovpe TIC oePEg xpOVoL Yo kabe péyeboc 6T cuVOAKN GEPQ
mDataset.addSeries(dataset);
mDataset.addSeries(dataset2);
mDataset.addSeries(dataset3);
//TPOcOETOLLE TIG GELPEG TOV TYLMV OVOPOPAG GTI) GUVOALKT GEPE
mDataset.addSeries(datasetRef1);
mDataset.addSeries(datasetRef2);
mDataset.addSeries(datasetRef3);

//xaBopilovpe TIG AERTOUEPEIES TNG YPOUPIKNG mopovcioong kdbe oepdg (yoo Kabe
//néyebog) Ommg 10 YPOLO, TO GTUA TV onueinv, T0 péyedog TV yYpapupmy, o //meplimpio
KTA pe ™ Pondea twv uebddwv kébe renderer

renderer.setColor(Color.GREEN);
renderer.setPointStyle(PointStyle. CIRCLE);
renderer.setFillPoints(true);

renderer.setDisplayBoundingPoints(true);
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renderer.setLineWidth(3);

renderer2.setColor(Color.BLUE);
renderer2.setPointStyle(PointStyle. CIRCLE);
renderer2.setFillPoints(true);
renderer2.setDisplayBoundingPoints(true);

renderer2.setLineWidth(3);

renderer3.setColor(Color.RED);
renderer3.setPointStyle(PointStyle. CIRCLE);
renderer3.setFillPoints(true);
renderer3.setDisplayBoundingPoints(true);
renderer3.setLineWidth(3);

/I kaBopilovue TIC AEMTOUEPEIES TNG YPOPIKNG TOPOVGIOCNG TOV GEPOV TOV TILOV
/lavoapopag

rendererRefl.setColor(Color.GREEN);
rendererRefl.setPointStyle(PointStyle.POINT);
rendererRefl.setFillPoints(false);

rendererRefl.setDisplayBoundingPoints(false);

rendererRef2.setColor(Color.BLUE);
rendererRef2.setPointStyle(PointStyle.POINT);
rendererRef2.setFillPoints(false);

rendererRef2.setDisplayBoundingPoints(false);

rendererRef3.setColor(Color.RED);
rendererRef3.setPointStyle(PointStyle.POINT);
rendererRef3.setFillPoints(false);

rendererRef3.setDisplayBoundingPoints(false);
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/IrendererRef3.setLineWidth(3);

/lxoBopilovpe TIC AETTOUEPEIEG TNG YPUPIKNG TOUPOLGINOTG TNG GUVOAMKNAG GEWPAC Kol
/lpuBuilovpe ™ HOPET TNG YPUPIKNG OMEIKOVIONG ©T0 oLVOAO TG (Tovg dEoveg, Ta
/ImeplBmpla, TIG SIUOTACELS KTA)

/lrenderer.
/lenable zoom
/ImRenderer.setMarginsColor(Color.argh(0x00, 0xff, 0x00, 0x00));
mRenderer.setZoomButtonsVisible(true);
mRenderer.setXTitle("time");
mRenderer.setGridColor(Color. WHITE);
mRenderer.setShowGrid(true);
mRenderer.setXLabels(25);
mRenderer.setYLabels(10);
mRenderer.setApplyBackgroundColor(true);
mRenderer.setBackgroundColor(Color. GRAY);

mRenderer.setY AxisMax(100);

/ImRenderer.setX AxisMin(mRenderer.getX AxisMin() + 1);
/I mRenderer.setX AxisMax(mRenderer.getX AxisMax() + 1);

/ImpocBétovpe tov renderer kébe cepdg o6to cuvolkd renderer mov avtioToEl OTNYV
//lovvolikn oelpd kot kaBopilel T LOPPY| TNG YPAPIKNG OTEIKOVIONG GTO GUVOAOD TG

mRenderer.addSeriesRenderer(renderer);
mRenderer.addSeriesRenderer(renderer2);
mRenderer.addSeriesRenderer(renderer3);

[ImpocBétovpe Tov renderer kébe celpdg IOV avaPopdg 6To Guvolkd renderer
mRenderer.addSeriesRenderer(rendererRefl);
mRenderer.addSeriesRenderer(rendererRef2);

mRenderer.addSeriesRenderer(rendererRef3);
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public GraphicalView getView(Context context)

{
view= ChartFactory.getLineChartView(context,mDataset,mRenderer);
[Iview.repaint();

/lemotpéper T View mov mepikleiel T OULVOMKN YPOQIKA OREIKOVICY (OOTE VO
/leppaviotel otnv 006vn TOL YPOTN

return view;

/ImpocBETel Eva KOvoUPYLo GNUELD GTI GEIPA TTOL OVTIGTOLYEL 6TO TOG0GTO CO2
public void addNewPoints(Point p)

{
dataset.add(p.getX(),p.getY());

}
//mpocBétel éva Kovovupylo onpeio ot GePd oL avTIcTOLEL oY LYpAGia
public void addNewPoints2(Point p)

{
dataset2.add(p.getX(),p.getY());

}
//mpocBEtel Eva KavoLPYLO GNLELD OTY GEPA TOL OVTIGTOLKEL 6T BepuroKkpacia
public void addNewPoints3(Point p)

{
dataset3.add(p.getX(),p.getY());

}

/ImpocBétel éva kawoOpylo otabepd omnueio oe kdbe oepd OV OvTICTOYKEL OTNV
//emileypévn amd 1O XPNOTI TIUN avVaEOpAs Kabevog peyéboug

public void addNewPointsCnl1(Point p)
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datasetRefl.add(p.getX(),p.getY());

}
public void addNewPointsCn2(Point p)

{
datasetRef2.add(p.getX(),p.getY());

¥

public void addNewPointsCn3(Point p)

{
datasetRef3.add(p.getX(),p.getY());

/lot mapaxdtm pébodol mpooapudlovy TN GUVOAIKT YPOQIKN OFEWKOVION oTnyv 00ovn
//OOTE Vo VOVEDVETOL KOl Vo, LeTakiveital ovtopata tpog to de€id (auto scrolling) //xabog
oyedrdlovtot kovovpyla onpeio

public GraphicalView adjust1()
{

/lxaBopilovpe éva dtbdotnua €vtog tov omoiov mpofdAletal o péyiotog aplfuog twv
//onueiov mov Bélovpe oty 006vn

double newMax = mDataset.getSeriesAt(0).getMaxX();
double newMin= mDataset.getSeriesAt(0).getMinX();
mRenderer.setX AxisMax(newMax);

mRenderer.setX AxisMin(newMax-128);
view.repaint();

return view;

}
public GraphicalView adjust2()

{

//Avovedvel TO MEYIOTO KOU TO €AGYIOTO X TOVL OlOGTAUATOS €VTOC TOL  OTOiov
/ImpofdAletar o emBuuNTog aplBpdg onpeiov oote va yiveton scrolling
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mRenderer.setX AxisMax(mRenderer.getX AxisMax() + 64);
mRenderer.setX AxisMin(mRenderer.getX AxisMin() + 64);
view.repaint();

return view;

}
public GraphicalView adjust3()

{
double newMax = mDataset.getSeriesAt(1).getMaxX();
double newMin= mDataset.getSeriesAt(1).getMinX();
mRenderer.setX AxisMax(newMax);
mRenderer.setXAxisMin(newMax-128);
view.repaint();
return view;

}
public GraphicalView adjust4()

{
double newMax = mDataset.getSeriesAt(2).getMaxX();
double newMin= mDataset.getSeriesAt(2).getMinX();
mRenderer.setX AxisMax(newMax);
mRenderer.setX AxisMin(newMax-128);
view.repaint();
return view;

}

//uéhodog mov aeopel amd ™ YPAPIKN TOPACTUOT] TG TOMOTEPO GYEOGUEVO onpeio
Kkd0e oe1pdg kot v kaBapilet

public void clearOldPoints(int count){
/laparpovpe To TaAdTEPO onpeia yio Kabe oepd Eeywpiotd
dataset.remove(count);

dataset2.remove(count);
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dataset3.remove(count);

//oparpovpe To TaAOTEPQ orueia amd Kabepio amd TIC GEIPES TOV TIUDY aVAPOPAg
datasetRef1.remove(count);
datasetRef2.remove(count);

datasetRef3.remove(count);

¥

Point.java

/IAvtimpocmnelel €va oTIEID TG YPOPIKAG TAPACTOOTG UE GUVTETUYIEVEG X Kol Y //GTOVG
a&oveg

public class Point {
int x;
inty;
/Idnuiovpyet Eva onueio e cuvtetayuéveg X Kot 'y
public Point(int x,int y){
this.x=x;
this.y=y;
}
/lemotpépet TN cvvteTunuévn () ddiotaot X) and éva dospévo onpeio
public int getX() {
return x;
}
/lemotpépel ) cvvieTaypuévn (tn ddotaon Y) and éva dospévo onpeio
public int getY() {

returny;
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B2. K®dwag XML ywa oyedracpo tov 00ovav ypiotn (User Interface)

activity_main.xml

<RelativeLayout xmlIns:android="http://schemas.android.com/apk/res/android"
xmins:tools="http://schemas.android.com/tools" android:layout_width="match_parent"

android:layout_height="match_parent"
android:paddingLeft="@dimen/activity_horizontal_margin"

android:paddingRight="@dimen/activity_horizontal_margin"
android:paddingTop="@dimen/activity_vertical_margin"

android:paddingBottom="@dimen/activity_vertical_margin"
tools:context=".MainActivity"

android:theme="@style/Base. TextAppearance.AppCompat.Title"

android:background="#ffoc65ff">

<TextView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:textAppearance="?android:attr/textAppearanceLarge"
android:text="EIIIAOI'H AEITOYPI'TAZ"
android:id="@+id/textView"
android:layout_above="@+id/button"
android:layout_centerHorizontal="true"
android:layout_marginBottom="105dp" />

<Button
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="EAeyyog aucOnmpwv"
android:id="@+id/button"
android:layout_centerVertical="true"
android:layout_alignLeft="@+id/textView"

android:layout_alignStart="@+id/textView"
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android:layout_alignRight="@+id/textView"
android:layout_alignEnd="@+id/textView"
android:onClick="sensorsGui"/>

<Button
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text=""EAeyyog melonAektpikon"”
android:id="@+id/button2"
android:layout_below="@+id/button"
android:layout_alignLeft="@+id/button"
android:layout_alignStart="@-+id/button"
android:layout_marginTop="50dp"
android:layout_alignRight="@+id/button"
android:layout_alignEnd="@+id/button"
android:onClick="piezoelectrGui"/>

<ImageView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@+id/imageView"
android:layout_alignParentTop="true"
android:layout_centerHorizontal="true"
android:background="@drawable/lab_logo"/>

<TextClock
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@+id/textClock"
android:layout_alignParentBottom="true"

android:layout_alignParentLeft="true"
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android:layout_alignParentStart="true" />
<Button
style="?android:attr/buttonStyleSmall"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="Exit"
android:id="@+id/button4"
android:layout_alignParentBottom="true"
android:layout_alignParentRight="true"
android:layout_alignParentEnd="true" />

</RelativelLayout>

activity_sensors_ui.xml
<RelativeLayout xmlIns:android="http://schemas.android.com/apk/res/android"
xmins:tools="http://schemas.android.com/tools" android:layout_width="match_parent"

android:layout_height="match_parent"
android:paddingLeft="@dimen/activity _horizontal_margin"

android:paddingRight="@dimen/activity _horizontal _margin"
android:paddingTop="@dimen/activity vertical_margin"
android:paddingBottom="@dimen/activity vertical _margin"
tools:context="com.example.nakama.myapplication_new.sensorsUiActivity">
<TextView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:textAppearance="?android:attr/textAppearanceLarge"
android:text="Metpnceic AtcOnmpav"
android:id="@+id/textView5"
android:layout_alignParentTop="true"

android:layout_alignParentLeft="true"
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android:layout_alignParentStart="true" />
<RadioButton
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="@¢puokpacio”
android:id="@-+id/temperature"
android:onClick="onRadioButtonClicked"
android:layout_below="@+id/textView5"
android:layout_alignParentLeft="true"
android:layout_alignParentStart="true"
android:layout_marginTop="44dp" />
<RadioButton
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="Yypooia"
android:id="@-+id/humidity"
android:onClick="onRadioButtonClicked"
android:layout_below="@+id/spinner"
android:layout_alignParentLeft="true"
android:layout_alignParentStart="true" />
<RadioButton
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="co02"
android:id="@+id/co2"
android:onClick="onRadioButtonClicked"
android:layout_below="@+id/spinner2"

android:layout_alignParentLeft="true"
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android:layout_alignParentStart="true" />
<Button
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="Zyediaon ['pagwng [lapdcotaonc"
android:id="@-+id/button3"
android:singleLine="true"
android:onClick="OnButtonPlot"
android:layout_alignParentBottom="true"
android:layout_centerHorizontal="true" />
<ImageView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@-+id/imageView2"
android:background="@drawable/plot"
android:layout_above="@+id/button3"
android:layout_below="@+id/spinner2"
android:layout_alignParentRight="true"
android:layout_alignParentEnd="true"
android:layout_toRightOf="@+id/button3"
android:layout_toEndOf="@-+id/button3" />
<ImageView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@-+id/imageView3"
android:background="@drawable/logo4"
android:layout_alignParentTop="true"

android:layout_above="@+id/textView4"
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android:layout_alignParentRight="true"
android:layout_alignParentEnd="true"
android:layout_toRightOf="@+id/button3"
android:layout_toEndOf="@+id/button3" />
<Button
style="?android:attr/buttonStyleSmall"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="AD Settings"
android:id="@+id/button5"
android:onClick= "SetSettings"
android:layout_above="@+id/button3"
android:layout_alignRight="@+id/textView7"
android:layout_alignEnd="@+id/textView7" />
<Button
style="?android:attr/buttonStyleSmall"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="PlotSettings"
android:id="@+id/button8"
android:layout_alignTop="@+id/button5"
android:layout_toLeftOf="@+id/button5"
android:layout_toStartOf="@-+id/button5"
android:onClick= "SetPlotSettings" />

</RelativeLayout>

activity_plot_settings.xml

<RelativeLayout xmlIns:android="http://schemas.android.com/apk/res/android"
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xmins:tools="http://schemas.android.com/tools" android:layout_width="match_parent"

android:layout_height="match_parent"
android:paddingLeft="@dimen/activity_horizontal_margin"

android:paddingRight="@dimen/activity_horizontal_margin"

android:paddingTop="@dimen/activity_vertical_margin"

android:paddingBottom="@dimen/activity_vertical_margin"

tools:context="com.example.nakama.myapplication_new.PlotSettingsActivity"

android:background="#ffdbffdd">

<NumberPicker
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@+id/numberPicker"
android:layout_alignParentTop="true"
android:layout_alignParentLeft="true"
android:layout_alignParentStart="true"
android:background="#ffff415b" />

<NumberPicker
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@+id/numberPicker2"
android:layout_below="@-+id/numberPicker"
android:layout_alignParentLeft="true"
android:layout_alignParentStart="true"
android:background="#ffff415b" />

<NumberPicker
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@+id/numberPicker3"

android:layout_below="@+id/numberPicker2"
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android:layout_alignParentLeft="true"
android:layout_alignParentStart="true"
android:background="#ffff415b" />
<NumberPicker
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@+id/numberPicker4"
android:layout_alignTop="@+id/numberPicker"
android:layout_toRightOf="@+id/numberPicker"
android:layout_toEndOf="@+id/numberPicker"
android:background="#ff04c0ff" />
<NumberPicker
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@+id/numberPicker5"
android:layout_below="@-+id/numberPicker"
android:layout_toRightOf="@+id/numberPicker2"
android:layout_toEndOf="@+id/numberPicker2"
android:background="#ff04c0ff" />
<NumberPicker
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@+id/numberPicker6"
android:layout_below="@+id/numberPicker5"
android:layout_toRightOf="@+id/numberPicker3"
android:layout_toEndOf="@+id/numberPicker3"
android:background="#ff04cOff" />

<NumberPicker
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android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@-+id/numberPicker7"
android:layout_alignParentTop="true"
android:layout_toRightOf="@+id/numberPicker4"
android:layout_toEndOf="@+id/numberPicker4"
android:background="#ff5aff1lb" />

<NumberPicker
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@+id/numberPicker8"
android:layout_below="@+id/numberPicker4"
android:layout_toRightOf="@+id/numberPicker5"
android:layout_toEndOf="@+id/numberPicker5"
android:background="#ff5afflb" />

<NumberPicker
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@+id/numberPicker9"
android:layout_below="@+id/numberPicker5"
android:layout_toRightOf="@+id/numberPicker6"
android:layout_toEndOf="@+id/numberPicker6"
android:background="#ff5afflb" />

<TextView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:textAppearance="?android:attr/textAppearanceSmall"

android:text="tyun avoeopdg"
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android:id="@-+id/textViewl7"
android:layout_alignTop="@-+id/numberPicker7"
android:layout_toRightOf="@+id/numberPicker7"
android:layout_toEndOf="@+id/numberPicker7"
android:textColorHighlight="#ff000000" />
<TextView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:textAppearance="?android:attr/textAppearanceSmall"
android:text="max"
android:id="@+id/textView18"
android:layout_below="@+id/numberPicker7"
android:layout_toRightOf="@+id/numberPicker8"
android:layout_toEndOf="@+id/numberPicker8" />
<TextView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:textAppearance="?android:attr/textAppearanceMedium"
android:text="min"
android:id="@+id/textView19"
android:layout_below="@+id/numberPicker8"
android:layout_toRightOf="@+id/numberPicker8"
android:layout_toEndOf="@-+id/numberPicker8" />
<Button
style="?android:attr/buttonStyleSmall"
android:layout_width="wrap_content"
android:layout_height="wrap_content"

android:text="P\0pion"
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android:id="@-+id/button7"
android:layout_alignParentBottom="true"
android:layout_centerHorizontal="true"
android:onClick="SavePlotSettings"/>
<TextView
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:textAppearance="?android:attr/textAppearanceSmall"
android:text="ypovikn vrodiaipeon aEova X"
android:id="@+id/textView20"
android:layout_above="@+id/textViewl18"
android:layout_toRightOf="@+id/textView17"
android:layout_toEndOf="@+id/textViewl7" />
<Spinner
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:id="@-+id/spinner4"
android:layout_below="@-+id/textView20"
android:layout_alignLeft="@+id/textView20"
android:layout_alignStart="@+id/textView20"
android:layout_alignRight="@+id/textView20"
android:layout_alignEnd="@+id/textView20" />

</RelativelLayout>

activity_plot.xml
<?xml version="1.0" encoding="utf-8"?>
<LinearLayout xmlns:android="http://schemas.android.com/apk/res/android"

android:layout_width="fill_parent"
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android:layout_height="fill_parent"
android:orientation="vertical"
android:weightSum="1">
<RelativeLayout
android:id="@+id/relativeLayout1"
android:layout_width="fill_parent"
android:layout_height="wrap_content"
android:background="@android:color/black™ >
<Button
android:id="@+id/start"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="start"
android:layout_alignParentLeft="true" />
<Button
android:id="@-+id/stop"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:text="stop"
android:layout_alignParentRight="true"
android:onClick="OnButtonStop"/>
</RelativeLayout>
<LinearLayout android:id="@-+id/chart"
android:orientation="horizontal"
android:layout_width="fill_parent" android:layout_height="0dip"
android:layout_weight="1"/>

</LinearLayout>
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