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INEPIAHYH - ABSTRACT

TFTE®YPONONTAY YEIPIAKEY ENIKOINONIEYX RS232 MEXQ TEXNOAOI'TQN
AYXYPMATON AIKTYQN AIXOHTHPOQN

H mapovca epyocio eMKEVIPOVETOL GTNV EQAPUOYN TEYVOAOYUDV OCVPUATOV
SIKTO®V osONTNPOV Yo TV HETOPOPA CEPLOKDOV OEdOUEVOV ETEKTEIVOVTAG TNV EUPELELDL TNG
EVOLPLOTNG oLVOESTG Kot dtacParilovtag mapdAinia v a&lomotio Te. [Tio cvykekpyéva, 1
epapuoyn PaciCetar oty otoifa SimpliciTl ko ypnoyomotei 1o SOC CC2430 pe pukpoereyKT
apyrtektovikng 8051 kou moumodéxktn 2.4GHz, mov eivor cvoppoatodg pe 1o mpwtokorro IEEE

802.15.4.

H S1060vdeon TV amopaKpLUGUEVOV KOUP®Y Yo TNV UETOPOPE TWV GEIPLOUKDV
dedopévov givar tohmov RS232 dedopévov 6tt e€axkorovbel va viobeteitar and 10 peyardtepo

TOGOGTO TNAETMIKOIWVOVIOK®OV OATAEEWV, TAPA TNV EVpeia amodoyn| TG texvoroyiag USB.

Emumiéov, n e£amlwon TtV TEXVOAOYIDV OGUPUOTOV SIKTO®V oucOntnpmv Kot

Wwitepa 10 YOUNAO KOOTOG KOTOOKELNG TOVS, TPOKAAEGE TO EVOLNPEPOV HOG YO OVTH THV

TEPOUOTIKT) EQOPULOYT.

BRIDGING RS232 SERIAL DATA COMMUNICATIONS OVER WIRELESS SENSOR
NETWORK TECHNOLOGIES

There are many electronic devices still using the mature RS232 asynchronous serial
communication whereas newer serial communication technologies are globally widespread such
as USB v2.0, v3.0, Firewire etc. On the other hand, the hardware for Wireless Sensor Network
Technologies is getting cheaper thus a new challenge application has been generated. Is it possible
to “Bridge” RS232 communications over WSN links to extend its limited range over the legacy
wired cable solutions? This also could add flexibility and mobility to such mature wire

communications.



EIZATI'QI'H

YtV tedevtaio deKaeTio N avaTTLEY TG TEXVOAOYING TV caOnTp®V 0o ynoe otnv
avATTLEN TNG KATAOKELNG YOUNAOD KOGTOVGS, YUUNANG KATAVAAMONG EVEPYELNG, TOAVAEITOVPYIKMV
KOl UIKPOOKOTIKGOV oucONTpmv Omov 00Mynce o€ TOAAEG VEEG OVYYPOVEC TEXVOAOYIKES
epapproyés. H cvidoyn dedopévov and 10 mepifaiiov £0wce peydAn dBNoN GTOV QVTOUATICUO
Kol 6TV emotnuovikn tapatnpnon. [HapdAinia pe v paydaio avantvén g Te(voA0YinG TV
ACVPUATOV ETKOIVOVIOV KOl TOV LKPOGVOTNUATOV 001YNCE GE L0 KALVOTOUIO LE CUYYMVELCT)
™G TEXVOAOYIOG TV oeONTNPOV, TOV VTOAOYIGTIKOV HWKPOGLOTNUAT®OV Kol TV OCVPUOTOV
EMKOIVOVIOV o€ 0vTO oL Kabepwbel wg AcHpuota Aiktvo AoOnmpov. H avarntuén g
TEYVOLOYLOG TOV AGVPUATOV ETKOWVOVIOV £KOVE 7O OTOTEAECUATIKY] KOL TTO OLKOVOLIKY TNV

YPNON TOV AGVPULOTOV LEGMOV OVTL TOV EVOVPUAT®V HECOV GTO diKTLA eONTHP®V.

I'evikd, o acHppata diktva acOnmpov sivorl pa véa teyvoroyia mov £xel 6TOYO
™MV Topakolovnon kot tov €Aeyyo Tov QULGWKOL KOcpov. TeAdevtaio, OmMOTEAOVV TNV
omovduoOTEPN EEEMEN TV OIGVPUATOV ETIKOIVOVIAV. Eva acOppoto diktvo oisntipov sivor Eva
SIKTLO VTTOAOYIGTIKAOV GUGTNUAT®V, TOV OTOTEAEITAL OO AVTOVOUEG CUGKEVES KATOVEUNUEVES GTO
YDPO KO Ol OTOIEG YPNOLUOTOLOVV LCONTNPES LU GKOTO TN GLAAOYIKT HETPNON KOl ATEIKOVION
QLOIKOV 1 TEPPAALOVTIKOV peYEBDV, dnwc 1 Beppokpacio, o Nxoc, 1 d6vnon, N Tieon, N Kivnon
N 10 cOUATIOW PUTOV, € d1apopes Tomobesiec. Ot ePUPLOYES TV OIKTVMOV AIGONTHP®Y UTOPOVV
va opadomotnBobv 6 GTPATIOTIKES, VYELNG, TEPIPAALOVTOG, OKIOKES Kot Epmopikéc. Eivar duvatdv
VO EMEKTEIVOLUE TNV OUAOOTOINGCT) O TEPIOOOTEPES KOTNYopieg OMMG €EEPEVVNON  TOL

SCTANOTOG, YNLUKY EMEEEPYACIO, AVIYLETMMION KOTAGTPOP®V K.4L.

AvoAvtikdtepa, To acvppota diktvo ocOnTnpwv amotehovvion amd £va 1)
neplocotepa SINK (M base station) kot amd pePkés deKAdEG 1 eKaTOVTAdEg KOUPOVG arcOntipeg
(sensor nodes), ot omoiot givor dlackopmiopévol o€ éva ydpo. Ot kopuPor avtoi GuAAEYoLV
mAnpogopieg amd 10 MEPPAAAOV KoL OvVOAOYO UE TNV €QOpUOYN, &gite emeCepydalovror Tig
TANPOPOPieg Kot TG OTEAVOLY, gite TIG oTéEAVOLY Ywpig Kapia emeepyocio. Ot kOuPotl avtoti,
ocvvnbwg mpémel va aicBdvovtar tn Beppokpacio, To emG, T d6GVNOT, TOV NYO, TNV OKTIVOPOoAlN
K.&. Ot mAnpoopieg antéc «ta&dehovvy HEGH 6To dIKTLO, £XOVTAG GOV TEAKO TPOOPIGUO TOLG
kouPovg sink. Avaioya pe ™V epopupoyn, o SinK evdéyetar vo oamooteilovv  Kdmol

vrogpoTHuaTa (QUEries) Tpog Tovg KOUPoVE, pe okomd vo LalEWouv XpHOIUES TANPOPOpPiEC.



To onuovTIKO TAEOVEKTNUO, TO OTMOIOV TOPEXEL 1) E€YKOTAGTOON €VOG OIKTOLOV
ACVPLOTOV OCONTPOV Elval OTL OV OTTALTEITOL 1] EK TOV TPOTEPWV YVMOT) TNG ToToAoYiag Tov. H
duvatdTTo VT emTpENEL TV Tayeio. avanTvén Siktdmv avtoh Tov TOHMOV og dvoPateg M
aKOTAAANAES Yoo ToV GvBpwmo meployéc. Ot kopPor eivar yopmAod KOGTOLS Kol YOUNANG
KOTOVAA®ONG Kot £(0VV TN dVVATOTNTO VO EMIKOIVOVOVV GE UIKPEC OTOCTAGELS, VO EKTEAOVV

TEPLOPIOUEVT] TOTTIKY| EMEEEPYACTA FEGOUEVAOV KOl VO «OotsOdvovTo dtapdpmv e10mV epedicuata

GTNV TEPLOYN EPUPLOYTS TOVG.

"Eva diktvo cucOnmpov xapaktnpiletor amd 1o ypodvo {mNG Tov, TNV ENEKTAGIUOTITA
TOV, TNV KAALYT TTOL TOPEYEL, TO KOGTOG TOPAYM®YNS TOV, TNV ELKOAN AVATTLENG, TNV AVixveLoN
Kot S10pBwGT GPUALAT®V, TO ¥POVO OTOKPIGNG, TOV TPOTO GLYYPOVIGHLOV, AALA KOl TNV AGOAAELL
nov pmopel va mapéyet. O avapevopevog xpovog (ong tov diktHov ival omd T OTUOVTIKOTEPO
YOPOKTNPIOTIKG Kol KUPLOTEPOS TEPLOPIOTIKOC Topdyovtag otnv owdpkela (NG tov glval 1M

YOPNTIKOTNTO TOLV GLGCGOPEVTN EVEPYELOS TOV GLGTNLOTOC.

ANEcmG ETOUEVOL ONUAVTIKOT TOPAYOVTES HETE TOV Ypdvo Long, eivor 1 KEALYT Ko
N enektacipudtto. Etvor onuoavtikd otov dtoyelplot va avartHéel diktva To omoio vo KOADTTOUY
wa gupeia meproy mapotipnons. H texvoroyia achppatng SiKtomong eivot QKT KAT® oo
KOTAAANAO GYEOOGHO, 1| EXEKTOCT TNG KAAVYNG TOAD O HOKPLY omd TNV OKTIVOL EKTOUTNS TOV
KOuPBov. Mg kKou Ta diktvo ceOnmpov amotelobvtol amd TOAAOVG KOUPOLS, EMOIMKETOL TO

KOGTOG €VOC KOUPOL va givar YapunAd MoTE TO0 GLVOAKO KOGTOG TOL SIKTVOL Vo, £IVOiL Lol AOYIKN

TN.

Ta acOppota diktva acOnmpov mapovcsidlovy éva 1010itepo GOLVOAO OmO
TEPLOPIOUOVS OTMG YOUUNAT VITOAOYIGTIKN 1OYVE KO VAU TPOYPAUUOTOS & OEGOUEVOV LIKPTG
yopnTiKdTTaG. O 7o ONUOVTIKOS At avTovg givat 1) evépyeta. AVTd Ta SIKTVO OTOTEAOVVTOL OO
OLGKEVEG OV TPEMEL VoL Elval EvepyEg apkeTn dpa Le Pkpé pumotapies. Katavilmon evépyetog

EYOLLE:

e Amnd 10 dvoryua / KAEIGILO TOV GICVPULATOV.
o Koatd v didpketa ekmopmng Kot eEapTdton omd TV 1YL HETAG00TG.
o Koatd v avapoviy AMyng dedopévov.

o Koatd v eneéepyosio dedopévov and v CPU tov kopfov.



H 180 g mepapatikng epoappoyng paciotnke otnv mpoondadeia petapopic RS232
dedopévav omwg B dovue TapokdTm pe pio amd TG mo SOEOOUEVES GE TOYKOGULN KATLOKOL
TeYVOLOYiES Yia acVppata diktva awcOntipwv, IEEE 802.15.4 oty ehevBepn pundvra tov 2.4GHz.

Emiong ftav ToAd xpiotun 1 pELVNTIKY Kot EPYacilaky eumelpio mov amoktOnke ota WSNS kota

NV SIGPKELD TNG TOPOVGING LOV GTO EPELVVNTIKO epyactiplo Www.RFmedia.fi tng dihavdiog oto
2012 xon mov elye G AMOTELEGLOL LL0L EPYOACIO VIO ONIOGIEVOT) GYETIKA LE HETPNOELS OTOO0GNG

oe WSN teyvoroyieg OTMG TEPYPAPETUL GTO EMGVVOATTOUEVO TOPAPTILLAL.

e Y10 KePhAoo ™G Metapopds Agdopévmv, TapovctaleTal Kol TEPIYPAPETOL 1| LETAPOPA
dedoUEVMV G€ LTOAOYIOTIKA cvothuata. [Tio cuykekpyéva, avorlvovtal ot 6pot TapdAAnAN
KOl GEIPLOKT LETAPOPE OEQOUEVMV, OGVYYPOVI] LETOPOPE GEPLUKADV dEFOUEVOV KOl TEAOG, TO
npdTumo RS232.

e X710 emOUEVO KEQAALO TTapovstileTatl To oAoKANpmpévo KokAmpo CC2430 SoC ywa o omoio
avamtuyOnke k®OKag YAOocog C Kot TeEPLypapovTaLl T0 KUPLOTEPO YOPAUKTNPICTIKA TOV.

e Metd amd v meptypaen tov vAkod (Hardware) g epapuoyng, akorovbei meptypapr g
acVOppotng otoifoc mov ektedeitan amo to SOC, SimpliciTl wireless stack ywo diktvo
acOnmpov.

e Y10 TPOTEAEVLTOIO KEPAAOLO OVOADETOL 1) TAOTPOPLLOL OVATTLENG TTOV YPTCLUOTOONKE Y10 TOVG
TEPALATIKOVG KOUPOVG TNG EPUPLOYNS Kot 01 TPOTOL GUVOEGLOAOYING AVTAOV.

e Y10 GUUTEPAGLOTA, TEPLYPAPOVTAL TO, TPOPANLATO TOV TOPOVGLAGTIKOV KATO TNV SLAPKELN
™G £PYNciog Kot o1 TEPLOPIoUOL TOV VINPEAV KATE TN SIAPKELD TOV TEWPOUUATIKOV SOKLUDV.
Eniong mpoteivovtan pepikég AMGELS Yo TV EX{AVON TOV TEPLOPIGUAOV TOV EUPAVICTIKAV.

o Téhog, éxet emovvapbel mg Tapdptnua, (o vro dnuocicvon epyacia (Draft Paper) oyetikd pe
LETPNOELS TEXVOAOYLDV OCVPUOTOV OKTVMOV clsONTP®V UE TIC avAAOYEG AcVPUATES OTOIPES
mov vrootnpifovral. [To cvykekpuéva avamtHynke kKOG yia T1g TAateopues: CC2510 pe
SimpliciTl, CC2430 pe TI-MAC xor CC2540 pe TI-BLE ywo v pétpnon g Tporyrotikng
ToOTNTaG HETAPOPAS dedopévav oto eminedo epapuoyng (Application Layer benchmarking)
onm¢ emiong Ko TNV KoTaviiwon evépyelag (Power consumption measurements). Eniong oto
mopdptua 2 €xel emovvoebel o kmokag mov ypnowomombike oto C8051F020-DK

AVOTTUELOKO.


http://www.rfmedia.fi/

META®OPA AEAOMENQN

"Eva yopaktnplotikd €vOG VTOAOYIGTIKOD GLGTHOTOG Eval 1 ETKOV®ViK dNANOT N
LETAPOPA 1] OVTAALOYT) OEOOUEVOV LETAED TOV TUNHATOV ToVv. H ynotaxn enkowvmvia propel va

yiver pe o amd Tig Vo HOPPES: TOPAAANA 1] GEIPLOKAL.

2V TapAAANAN emKowovio To oNUOTo TAEIOEVOVY GTO SLAOPOUO OEOOUEVMV O
onoiog amoteleitat amd TOAES YpappuéG Omov 1 kabe po omd avtég petadioet ki amd £va. bit g
TAnpoopiag, petadidoviog £tol kdOBe @opd €va oAdkAnpo byte. Anladn otV TOPAAANAN
emkovovia 0la ta bits pog AéEng yapaxtmpa (byte) 1 ko mopordve (word, double word)

HETOSIO0VTOL TOVTOYPOVA TPOG TOV ATOOEKTN).

11 oeplakn enkovovia petadidetan £va bit TAnpogopiag kabe popd, otn cepd
LEGO GTOV Oy®YO LETAPOPAS TMV OEOOUEVMV. XTNV OTAOVGTEPT] TEPIMTMOOT TETOLNG EMKOIVAOVIOG
YPEWLOUOOTE TPELG GUVOAIKA 0y®yoS, VOV Y10 TNV OTOGTOAY] OESOUEV@YV, £VaV V1oL TN AN Kot

éva ov Ba. Bpioketar 1o duvoutko avagopds (Ground) Tov PETASIBOUEVOY CNUATOV.

[ covexTnuoTa Koi UEIOVEKTNUOTO, TTOP CAANANC KOu OEIPIOKNC EXIKOLVWVIOC.

To mheovékTnUO TNG TAPAAANANG LETAPOPEG dESOUEV®VY EVTOTILETON GTNV TOOTN T
petdooonc. Eivor mpopavég 0Tt e Tov TpOmo anTdv 1 LETAO0ON YIVETOL TOAD YPTYOPa, ooy OAa
ta bits pog ynoeorééng (byte) petapépovol tantdypova and tov Tourd 6tov 6éktr. OvolaoTiKd,
0 puOuog petddooong meplopiletal amd TV TOYOTNTO LE TNV OTOI0 AEITOVPYOVV TO, KUKAMDLOTOL

€10000V / €£600V TOV TOUTOV KOl TOV OEKTN.

To xvp16TEPO TAEOVEKTN O TNG GEIPLOKNG EMKOIVOVING gival 0 pkpdTEPOS aptOrdg
KOA®SI®MV S100HVOEGNC OV AMALTEITOL GE GYEGN LE TNV TAPAAANAN eMKOWV®Vic. AVTO KAVEL TV

gyKaTAGTOON EONVATEPT ATV 01 OMOGTAGELS Eival LEYAAEC.

EmnAéov, 10 TPpmOTOKOALN EMIKOIVOVIOG TOL YPTCLOTOLOVVTIOL OTN GEPLOKN
EMKOIVOVIO EMTPETOVY PEYOAES OTAOUEG ONUATWV GE GYECT LE TO TPOTOKOAAN TNG TOPAAANANG
EMKOWVMVING, OTOTE Ol ATMAELEG TOL CNUATOG ONUIOVLPYOVV HIKPOTEPO TPOPAN LA KoL 1) LETAOOON
o€ peydAn amdotaoT ivol EQIKTY.

Eniong, omv moapdAAnin emkowvovia, €mewdn £YOVUE TOAAOVG Ay®YOLS 7OV
peTadidovY oNUHaTe TOVTOYPOVA, EYOLUE TOPEUPOAT] HETOED TOVG KAVOVTIOG TNV TOPUAANAN

EMKOWVMVIO OKATAAANAN GE LOKPIVES OTOCTAGELS.



["a tovg mapamdved Adyovg 1 TapAAANAN ETKOV®VIO XPNCLOTOLEITAL KUPIMG OTN
OllGVVOEST GLOKELAV OE UIKPES OMOCTACELS, OTAV VTAPYEL OvVAYKN Yo LYNAoLg puBuong
petdooons g mAnpoeopias. 'ETol, GUOKELEC OMWE Ol EKTVAMTEG KOl Ol OTMTIKOL COPMTEG, TOV
amoITovV  Toyelo. HETOPOPAG ONUOVTIKNG TOGOTNTAG TANPOPOPIaG, OlcLVOLOVTOL UECH

TOPAAANANG EMKOVOVING LLE TOV NAEKTPOVIKO VITOAOYIGTY).

Yeaprokn Emkowvovia

O mo moAL 0100e00UéEVOG TPOTOC UETAOOONG NG TANPoopiag HETAED TOV
VTOAOYIOTIKAOV GUGTNUAT®V, €ival 1 GEPLOKN EMKOWVOVIK Yo AOY® YOUNAOD KOGTOLG KOl O

YoUNAOG BOpLPOC Yo LeYIAES OMOGTAGELC.

Eneon ta 016popa ohokAnpopéva KukKAGRato Tov omaptilovy Evayv NAEKTPOVIKO
VTOAOYLGTH] OVTAAAGLGCOLV TANPOQOPiES G€ TOPAAANAN LopeT, Yo va eivar 0 H/Y cuuPatog kot
LE CEPLOKI EMKOVAOVIOL OVTE TO CNUOTA TPEMEL VA UETOTPOTOVV GE GEPLOKT poper. Tn
Aertovpyio. avt) avorapPaver éva kokiopa mov ovopdaleton UART (Universal Asynchronous
Receiver/Transmitter) to omoio vrdpyel 6€ HOPPT) OAOKANPOUEVOD EMAV®D OTN UNTPIKT TAAKETOL.
[TAéov pe v paydaio avamtoén g teyvoroyiog kKukAopata USART &xovv evoopatwdel otovg
LIKPOEAEYKTEG YO TNV EVKOAOTEPN EMKOWVOVIO QLTAOV UE TIC SIUPOPES CLOKEVES AL KO LE
dArovg pkpoereyktéc. O khaowog 8051 pikpoeieyktng mepi€yet éva koximopa USART 6nwg Oa

JOVLE OTO TOPAKAT® KEPAAOLAL.

2V acVpUAT) HETAS00T TANPOPOPING, YPNOILOTOLEITAL 1] GEIPLOKY] EMKOVOVIAL,
OT®G Y10 TP ddeLypLa 01 010TaEelg emtkovmviag péow vepvdpng axtivoforiog LED 1 LASER. H
CEPLOKN LETAOOCT] EIVOL TTLO KOTAAANAN Yot XPNOT UE UIKPOEAEYKTEG, Y10l TO AGYO OTL Ol O1APOPES
TEPLPEPELOKES Olatdéelg, Oomwg petatpomeic A/D, uvhueg katackevdloviol pe AyOTEPOLS
OKPOOEKTEG OTOV EMKOVOVOLV GEPlaKA. EEAALOV, HEPIKA CLOTHUOTH WKPOEAEYKTMOV £YOLV
EVOOUOTOUEVES BOpeG oelploKng SoeVVOEONC UE TO e£MTEPIKO TEPIPAALOV, KATL TOL KaoTA

QTTAY] TN GEPLOKT O10.GVVIEST) TOVGS LE TEPLPEPELNKEG CLOKEVEC.

21N CEPLKY EMKOW®VIO, €0V To OEOOUEVO, UTOPOVV VO EKTEUTOVIOL KOl VO
AouPavovtar tote Aépe 0tL Exovpe 0Tt Exovpe duplex emkowvovia. Avtd givar og avtibeon pe v
simplex emkowvvia OTWE GTOVE EKTLIIWTEC TOL TO VIOAOYIGTIKO GVOTHHO LOvo ekméumet. Duplex
emkowvovieg propet va givar half 1| full duplex mov e&aptdton edv n petapopd dedopévaov pumopet

N oyt va yivetan towtodypova. Edv ta dedopéva ekmépmovtal og o katevboven tn eopd, 10T



avaeépeton oav half duplex. Eqv ta dedopéva exmépmovtor kot oTig dvo katevbiveelg v idia

otryun, égovue full duplex.

[Mo v ceplokn| petdooon 6g akOUN LEYOAVTEPES AMOCTACELS T KOTA UKOG TOV
MAEQ®VIKOD  S1KTOOV, TapepPdAlovtar €01kéG ovokevéc mov ovopdlovtar Modems yia
Kwdwonoinon (pnetatpony| omd 0 kot 1 68 AKOVGTIKOVG TOVOLGS) Kol OTOKMOIKOTOINo™ (LETATPOT

TOV 0KOVOTIKOV TOVOV o€ 0 ko 1).-

Mo va elvor @kt 1 GEPLoKT ETKOVOVIR LETOED dVO VTOAOYIGTIKMV GLGTNUATOV,
TpEMEL vo. aKoAovBovv Kot Ta dvo €va kaBopiopévo chHvolo KovoOvev, mov ovopdlovrtol
TpTéKoA emKovoviag. Tétoln TtpmtoKoila emtkowvmviog eival to RS232, 1o 12C, 1o SPI, 10
Ethernet «x.¢. H ceiploxn emkowvmvior oviAoyo av EKTEUTOVTOL GTLOTO GUYXPOVIGHOD UETOED

TOUTOV KOl OEKTY O10KPIVETAL GE aGVYYPOVI 1] GUYYPOVN GELPLOKY| ETKOVOVIO.

Acvyypovn Xeprokn Emkowovia

H oaocOyygpovn oeplokn emkowvovio elvol  ETIKEVIPOUEVY] OTNV  UETAOOOM
YOUPOKTAPOV dNAAOT OEGOUEVMDV e CLYKEKPIUEVO TAATOG DItS kot oty omoia dev ekméumovTal

OGN LLOTO GUYYPOVIGLOV.

‘Evog yapoaktpog dedopévmv LETOTPETETOL G YNPLOAEEN HEcm Tov kdotka ASCII
Kot 1) akoAovBia bits Tov avtiotoryel o€ awTOHV TOV YapaK TP ELEOVILETOL GTN YPOUUT LETAOOOTC.
O dékng mpémet va glvar o€ BEom va avayvopilel 0TL EPTacE EVOG YOUPOKTIPOS Kot VoL avaryveopilet

ta bits tov yapoktipa e T COGTH GEPA KoL YOPIG ATMOAELES.

o tov mapamdve okomd, to bits g acvyypovng oelplakfic HETAd0oNC
OpPYaVMOVOVTOL 6€ TANICLO, TV evvia m¢G dmdeko bits cuvolikd, To onoia mepiEyovv kamowo bits
évapéng kot AnéEng. To mpdto bit kabe Thaiciov eival To Aeyduevo start bit, to omoio avtictoyel
o€ AoY1KO undév. Akorovbel 1) GEPA TOV YyMEimV TOL YOPaKTPO TOL amocTEAAETAL. MeTd and Ta
bits tov yapaktipa, akorovdel éva bit dptiag 1 meprrthg iootiiog (parity), to onoio evepyomotel
po. S1o0Kaoion EAEYYOV GPOAUATOV, Y10 VO OVIXVEDCEL TVYOV AdON mov cuvéfnoav Koatd
uetadoon. To mhaiclo KAieivel pe éva 1 dvo Stop bits, mov vrodnAdvouvv to TELOG TOV YOapaKTHpQ
KOl TNV KOTAGTAGT avOUoViG Yo Tov emdpevo. H Aoy kotdotaon tov yneiov Anéng (stop bits)

sival éva.



Otav dev petadideTon KATO10G YopakTpos, TOTE AEUE OTL 1] GLVOEST) Elvat avevePYN,
ondte 1 ypoupun evpiocketar og Aoyiko éva. H katdotaon avty ovoudletor «cuvOnkn marky». Otay
uetadobel to bit évapéng (start bit) kot pOdcel 6to dékTn, 0 dékNG KataAiaPaivel 6Tt akolovOovv
Ta bits tov yopaktipa Tov AToGTEALETAL OTOTE EVEPYOTOLEL TO GVGTNUA XPOVIGHOD Kot dtaPdlet
ue T oepa to emdpeva bits uéypt ta bits Anénc (stop bits). tn cvvéyeia tibeton oty Katdotaon

OVOLLOVNG.

Eivar eavepd 611 1 dudpkela tov kabe ekmepmopevon bit oty acvyypovn celplokn
petdooon mpémer va ivar avotpd 1 1010, GoTE Vo Umopel 0 OEKTNG, HE KATMOO GUOTNUA
oLYYPOVIoHOD, va dtokpivel ta bits peta&d tovg. Tuven®dg 0 ToumOg Kol 0 OEKTNG MPEMEL VAL
CULE®MVOLV MG TPOC TNV TAXVTNTO TNE CGEPLOKNG puetddoong Tov bits. H taydmmra avtr opilet to

Aeyopevo «puOuod petddooncy mov petpiétar o€ bits ava devteporento (bits/sec 1 bps).

To IIpétvmo RS-232C

H oeprokn 60pa cuvdéeton pe eEmtepikég cuokevég HEcm evog cuvoetnpa DE-O9M
TV 9 akpodekt®dv 1] DB-25 twv 25 akpodektdv g TaAaidTEPOVS VTOAOYICTES KOl TEPUPEPELOKAL.
Ot 1d0¢e1c Kot €V YEVEL TOL NAEKTPIKA YOPUKTNPIOTIKE TNG GEPLAKNG BVOPOG TEPLEYOVTAL GTO GEPLUKO

npdTumo emkowvoviag RS-232C ¢ Evoong EIA.

To mpotvmo RS-232C emurpémer v acvYypovn ETKOWoVio avApeso o€ Ovo
ovokeLéG. Eqv emBopovue va cuvdéoovpe Teplocdtepeg amd dVO CLOKEVEG GE VO VITOAOYLOTY,
Pl ONOOTE TEPIGGOTEPESG OO [0l GEPLOKES BVPEGS.

To mpdTumo RS-232C ypnoipomolel apvnTiky ynelokn AoyiKY| Kot LEYAAES oTAOLES
(MOOTE VO EMTPENEL TN SLAOOCT TOL CNUOTOC GE UEYOAES OMOGTACELS YWPIC ATOAEIEC. AVTA £Y0VV

o0V OMOTEAEGLOL O1 TACELG TOV TPOTOKOAAOV RS-232C va unv eivan cuppartéc pe tig otdOueg TTL.

Ta enineda tdoemv Tov Tp®TOKOAAOL RS-232C, givar ta e&ng:

e Toloywoé 0, mov Aéyetan SPACE, Bpioketon peta&y +3 ko +25V (mpoaktikd amd
+5 émg +15V)

e To Aoywo 1, mov Aéyetar MARK, Bpioketon petald -3 ko -25V (mpaxtikd amd
-5 éw¢ -15V)

e H meproyn and -3V €wc +3V dev avtimpoomnevel kabBopiopévn Aoyiky oTdoun.



o Koavévag amd tovg 0KpodEkTeg NG oeplakng B0pag dev pmopel vo dexrtel
dvvopkd peyoivtepo anod 25V og oxéon e ™ yn.

e To péyroto pevpa dev umopet va Eemepvd o SOOMA

Me ypnion 1ov tpwtokdAlov RS-232C, éva teppatikd YopaKTp®V UIopel Vo omooTeihel
HEC® HLOG YPOUUNG ETKOVAOVIOG OEOOUEVE, COUPMOVA [LE TOVG KAVOVES TNG OGVYYPOVIG GELPLOKNG
HETAOOONG TOL TEPLYPAYOpE OTNV Tponyovpevn evotnta. Otav n ypouun ivor ovevepyn,
evpioketor oe ovvOnkn MARK, dniaon -12V mepinov, mov avtiotoryel oto Aoywo 1. H ypoapun
evepyomoteiton pe tn ovvOfkn SPACE (hoywd 0 | +12V). Akolovbei n petddoon entd 1 OKT®
bits yia to vrooTEAAOEVO YOpAKTIPO, EVO TPOALPETIKO Dit dpTiog N meptTthg tooTiag Kot éva 1

dvo stop bits (cuvOnkn MARK), mov onpatodotovy to T€A0G TOV JOPUKTHPO.

210 Tympo 1 gaivovron ot Aoyikég kar RS232 otdBueg tov yopaxtpa V' pe
YapaxTploTiKa: 8bits dedopévav, mepirt tootiio kot 1 bit Anéng.

RS$-232 Example Transmission

Configuration: 8 — O — 1 (8 data bits, Odd Parity, 1 Stop Bit)
ASCII code for ‘V': 0x56 (01010110b)

HI . .
MSB |PARITY| STOP | IDLE
I I

i
IDLE JSTART, LSB
]

LO

+15V

SPACE

+5V
+3V
ov

-3V
-5V

MARK

-15V

Zynua 1
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Tomor AcOyypovev Leplok@dvV LVGKEVMOV

To npodtumo RS-232 kabopilet dvo TOmovg cuokev®v. O TPAOTOS TOTOG GVOKELNG OvoraleTal
Tepuotikny Zvokevn Aedouévav (Data Terminal Equipment  DTE). O de0tepog TOTOG GLGKEVNG

ovopaletar Lvokevn Emkovavios Aedouévav (Data Communications Equipment § DCE).

Kd&Be mpocmmikdg vmoAoylotig Kot oxedov kaBe Tepratikog otabuog mov dabétel 00pa RS-

232 givan ovokevn DTE.

Mo ™ d1060vdeoT 500 TEPLATIKMY GTAOUDV GE PEYOIAES AMOGTACELS TPV TNV gVpEia O1ddoom
¢ XDSL te)voloyiag 6To VOIKOKVPLO XPNGLLOTOLOVVTAY GUOKEVEG ETKOVMVING TOTov Mmodem
CEPLOKNC OGVYYPOVIG ETKOWVMOVIOG Yo TNV 6VVdEST 610 Internet dnwg swoviletarl oto Lyfqpo 2.

Ta modem avagépovtatl og ovokevéc DCE.

Extoc amd ta modem, otn oeprokn Bvpa evog vroroylot) umopel vo cuvdehodv Kt GAleg

OLOKEVEG IOV OV TPOOPILovTon Yo EMKOV®VIa, aALE Y10, LETPNOELS, EAEYXO KUKAMUATOV K.AT.

DTE

MODEM <;> DTE
DCE

RS-232

RS-232 TnAepwvikd
dikTuo OTE

2ynpo 2
[ToAMG moAbueTpa, cvokevég dowktvov, UPS, eleyktég (controllers), aicOntmpeg, akdun kot
OIKLOKEG AEKTPOVIKEC GLOKEVEG OT™G Video, dopv@opikol dékTeg KAT. £pyovtat eE0OTMOUEVOL LE
oeplokn OOpa RS-232. Or cvokevéc avtég cvvnbog elvar dwapoppmuéveg cav DCE kot to
KOAMOLO TTOL TIG CLUVOEEL LE TOV VIOAOYLIOTH KOOMG Kot To GUATO EAEYYOV OV AVTOAALGGOLV

pali tov givar idwo pe avtd evog modem.

Etvol onuavtikd va avaeepBet 0tL o1 toyvnTeg avapeca o€ pia cvokevny DTE ko o€ pia
ovokevny DCE elvar yevikd Owopopetikég amd TIc taydTNTeg emKowvmviag avapeso cg 600
ovokevég DCE. Avutd ocvpPaivert Oxt povo d10tt ot debtepn mepintmon mopepPaiietol to
TNAEQOVIKO 01KTVLO, OAAG Kot 010TL T 1010 T KukAdpaTa Twv cvokev®v DCE Aegttovpyodv oe
SLLPOPETIKY TOYLTNTA TPOG TNV Katevbuvon emkowvoviog pe cvokevég DCE, mapd mpog v
katevbuvon enkowvaviog pe cvokevég DTE (). 'Etot eivar duvatd va cuvdécovpe Eva modem ot
oelprokn Bvpa COM1 tov vroloyiot pag, puOuilovtag tnv TaydTNTA THG CLVOEGNS OTH UEYIOTN

T tov 115.2 kbps, evéd o modem Oa cuvdéston pe kdmoto dGAlo modem oty moOAD uikpoTEPN
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toyotnto Tov 28.8 Kbps. Avti n dedtepn ToydhtnTa OmMOTEAEL YOPAKTNPIOTIKO YVOPIOUO THG

ovokevng DCE mov ypnoyomotodpe.

O AkpoodékTeg TG Teplakns Ovpag kot or Agrtovpyies Tovg

AVALEGH GTOVE OKPOOEKTEG TNG CEPLUKNG BVUPUG SLOKPIVOVUE TOVG AKPOOEKTES V| YPOUUES
oeoouévarv (data lines) kot tovg axpodéxres M ypauués eléyyoo (control lines). Ot omovdatdtepot
aKPOOEKTEG €lval anTOl TOL UETOPEPOVY TO.  OdOUéva  EKTOUTNG Kot ANyme, onAadn v
TANPOQOpia TPOg TNV i 1 TV GAAN koTevBuven. OAot ot vTdLoITol 0KpodEKTES elvar Bondntikol

aAAG amopaitnTot Yo Ty emtkowvovio evog DTE pe éva DCE.

Ot ypappég dedopévav ovopdalovtor TXD kot RXD avtiototyovv 6toug okpodékteg 2 kot 3
otov DE-9M ochvdeopo onmg eaiveton otov wivake 1. H ypopun TXD mpoopiletarl yio v
EKTIOUTN TOV GEPLOKDOV dedouEvav, N ypouun RXD yuo tn Aym tov 0€00UEVOV, EVD 1 YPOLLUT

GND egivol o aymydg avapopds Tov TAGE®Y oL 0105id0VTaL OTIC TPDTEG OVO YPOUUUES.

Ot omovdandtepeg amd Tig Ypopupués eréyyov eivan ot RTS, CTS, DSR kou DTR. Otav o
vroAoylot¢ (DTE) Béhel va oteilel dedopéva o pia cuokevn DCE, evepyomotet  ypopun RTS
(Request To Send) 6¢tovtag otn ypauun ) cuvOfkn SPACE. Edv 1 ovokevr) DCE éyet ydpo yia

va dexbei dedopéva, ot amavtd evepyomoldvtog ™ ypopp CTS (Clear To Send).

Avtiotorya, o0tav To modem 0élel va oteidel dedouéva, mAnpoeopei ™ 0Opa UART
evepyomolmvtag ) ypappu DSR (Data Set Ready). Eav o vtoloyiotg omd v mAevpd tov givan
£tolog vo AaPet dedopéva, amavtd Oétoviac v katdotacn SPACE otov axpodékt DTR (Data

Terminal Ready). Edv, T, dev givar Etoyuog vo Adpet dedopéva, tote Oéter cuvOnkn MARK ot

ypapuun DTR.

Am6 ta Topamdve yivetor eavepd OTL amd TN oKOTd Tov VTOAOYLoTH ot akpodékteg DTR
ka1 RTS mpoopilovtat yio EE0A0 dedopévav, evad ot ypapués CTS kar DSR npoopilovron yia

EIZOAO 0€00UEVMV.

Elvaw mpopavég ott pe v ypnon tov ypouudv RTS/CTS kot DTR/DSR oty ovoia
EMTLYYAVETOL O EAEYYOG TNG PONG TOV EKTEUTOUEVOV - AAUPavOUEV®VY 0Ed0UEVOV. AVTO deV
elval amapaitnto avaykoio ko €€aptdTon omd TNV TOXOTNTO TOV KOVOA®V HETAO00MS

dedOUEVMV /KO 0d TIC AMOTNOELS TG EPAPUOYNG Vi a&1dmoTn avToAloyn dedopévmv. Avtd



ovpPaiver 6t OtV €rovpe my. acvppatn Levén OBa mpémel va pe KAmolo TpOTO Vo VITAPYEL
ELEYYOG NG TOYVLTNTOS PONG OO TOL LETAPEPOLEVO GUCTNHLOTO GTOL CUGTNLOTOL LETAPOPAS TV
dedopévmv oty acHpuatn (evén yuao v enitevén a&lOmoTnG EMKOVOVINS [LE OGO TO SLVATOV

AMyotepa AaO.

AKpooéktes | Koowkn Ovopa

GLVOEGHOV | OVOROGIa

DE-O9M
3 TXD Transmit Data
2 RXD Receive Data
5 GND Common Ground
7 RTS Request To Send
8 CTS Clear To Send
6 DSR Data Set Ready
4 DTR Data Terminal Ready
1 CD Carrier Detect
9 RI Ring Indicator

ITivarog 1
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To CC2430 SoC

Ynrdpyovv otnv ayopd didpopot tomor pukpogreyktav (MCU ICs) kot mopmodektodv (RF
TRANSCEIVER ICs) pe 1o omoia ta acOpuata diktva oweOntipov viomowovvrol. Eival
KataokevoopEva gite o Eexyoplotd orlokAnpouéva kvkAopota (ICs) eite oe éva pdvo
orokAnpopévo (System On Chip - SoC). H mtoyokn givar Poociopévn oto CC2430 SoC
oAoxkAnpopévo g Texas Instruments (TI), po moAd peydin etoipio NAEKTPOVIKAOV TG APEPIKNG,
oV Kot 0 Tpoypatikog oyedtactng firav  Chipcon e pikpn etoupio otnv NopPnyio émov kot

ayopdotnke and v T1.

Mepwd mheovektquota g SOC vAomoinong eivor 1o puKpOTEPO KOGTOG MOG KO
yperdleton £va povo IC yuo va kotaokevdoovpe Eva kKOUPO acLPUOTOL SIKTOOL G avtifeon e
Vv vAomoinon pe Eeympiotod RF IC and tov pikpogieykt (MCU) ko amonteiton Arydtepog xdpog
oto twnouévo kdxkopo (PCB). To CC2430 xatackevaletar oe povo oe QFN kéhveog
(PoToypagio 1) kot Ponbddel akdua TEPIGGOTEPO MO KOl KataAauPdver 7mm X 7mm. Xty
mopadoctlakny vAomoinon 1 taydvtra petadoons and MCU oe RF IC mepropiletar amd v
TaOTNTO AELITOVPYIOG TOV GEPLIKOD TPMOTOKOAAOV HETAPOPES T®V OEOOUEVMV. XE VTN TNV
nepintoon yperaletor eneEepyactikn 1oyvg omd tov MCU oe kdbe petapepduevo byte amod to
oelplokd TpodTLTo emikovwviog SP1 mov cuvnB®G ¥PNGLOTOLEL O LUKPOEAEYKTNG OE GYECT LE TNV
SoC viomoinon mov 1 CPU umopel va TpooneAdoel TOVG KATOY®PNTEG AUECO, €KTOG Kol OV
vrootnpileton 1 petaopd dedopévav pe yprion DMA oddd axdpo kor DMA va vrdpyer n
KATOVAA®ON 1oy00¢ otV mepintmon tov 2 ICs givar mepiocodTep cLuVNBWS aPovL o dedopéva

LETAPEPOVTOL e TOV EEMTEPIKO TAPUSOCIOKO TPOTO Oy ymdV HETOPOPAg oto PCB.

TESUESNE R

el

¥
Dwroypopio 1
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Mmniok Awaypoppo & XopoKTnpLoTika

To CC2430 mepiéyet To MOPAKAT® CTOLYELD KO TEPLPEPELAKA, OTMG TOPOVSLALOVTOL GTO

umAok duaypoppo e Ewkova 2.

e VDD (20-36Y)
RESETN [{pmmmmm  RESET &= WATCHDOG TIMER c:;\ [TEETLNER SpeourL =
wosc_az2 [X] TR POWER QN RESET @ Ao
et CLOCK MUX & @ ticen
CALIBRATION CZD C::) SLEEP TIMER Bt
CRYSTAL 0SC

I
DEBUG
INTERFACE

SFR bus

HIGH SPEED

@ c::) POWER MGT. CONTROLLER

RC-05C
POATA & KB
() (TR 5 g
8051 CPU HE-
CORE ™ ww ) MEMORY
{—=w_—  ARBITRATOR 32164128 KB
~ 2
oHa
Al ic
IRQ FLASH CTRL
O e K —— )
- -
- AES RADIO REGISTERS :>
- ENCRYPTION <:> [\ [ [ [
&
:: DECRYPTION CSMA/CA STROBE PROCESSOR
- I I [ |
Y f— C:} RADIO DATA INTERFACE {:::}
- A =)
. l = | lIiT =
= =
! 2 E 5
| AGC  DEMODULATOR = MODULATOR ¢ |
—3 USART 0 © o in =
4+ 4+ L L L =
(=]
— USART 1 (::;‘ =
=
— TIMER 1 (16-bit) (::D 5 & =
8]
RECEVE 2 o .TRANSMIT
TIMER 2 % L CHAIN
(IEEE §02.15.4 MAC TIMER) =} |=—:
o=
&
— TIMER 3 (8-bit) c:;‘ =
B —— TIMER 4 (8-bit})

To CC2430 meptnmtikd £xel TIG TOPAKAT®O SLVATOTNTEG KO YOPUKTIPLOTIKAL:

e Beltiopévn CPU 8051 cvpPatdg pe tomikn Pertioon X8 amd v anddocT TOL KAUGIKOD
8051 pe 6vo 16bit deikteg pvnung DPTRS.

e Evoopatouévn pvaun uéyxpt ko 128KB teyvoroyiag Flash pe vrootypién meploydv
TPOGTATEVOLEVNG AVAYVOGNG/EYYPOPTC.
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¢ Evoopatopévn pviun RAM 8KBytes cuvoiucd. 4KB pe cuykpdtnon dedopévev oe Oreg
TIC KOTOOTAoES ‘“Omvoong” kot axouo 4KB o6mov 1o amoOnkevpéva dedopévo
ovykpatovviot oTig kataotdoelg PMO kot PM1 (e€owcovounong evépyelog).

o Xvuvenefepyaotng kpumroypagiog AES 128bits.

e Evéhiktog DMA gheyktng 5 kavoMdv pe TOAAEG OLVOTOTNTEG Kol EMAOYEG TOTOL
Aettovpyiag.

e Reset kotd ™V évapén g TPoPodociog Kot EAEYKTNG TAONG TPOPOOOGING Y10 AVTOUATO
reset oe mepmtOGELS AGTAOELNG TG TAOTG.

e Evooupatouévog petatpoméag avaioytkob onuatog o€ ynoelakd tov 12bit (ADC) e émg
Kot 8 KovaAla E16050v.

e [lapapetpomomotpoc ypoviotng Watchdog.

e PoAd mpaypatikov ypdvov (RTC) pe tahavimt kpvotairov tov 32.768 kHz

o 4 gomtepkovg ypovioté: Evag 16bit yevikov oxomov 2 axdpo tov 8bit exiong yevikon
oKomo¥ Kol TEAOG YpovioTtg €101kNG Asttovpyiag IEEE 802.15.4 MAC

o 2 mopapetponomonua USARTS yia ac0yypovn/chyypovi GEPLOKT ETIKOIVOVIO OKOLLOL Kot
oe SPI.

o 21 puBlopevotl akpodEKTeG YeEVIKOD GKOTTOV £16000V / €£0d0V dedopévav

o Tevvitpro dnpovpyiog TpoypotTikd Tuyoimv apldpmy

o 4 gvéMKTEG KOTAGTACELG AETOLPYiog Yoo €AATTOON TNG KATAVAA®ONG 16YV0G TOVG
GLGTNLOTOG

e Ag@umvion Aettovpyiog and eEmtepikn dtokomn 1 and yeyovog tov petpnt (Counter event)

o [IMpag otatiky CMOS oyediaon yio younin KoTtovaAmon

Xapaxtnpiotikd RF:

¢ Evoopoatopévog mopmodéktng oty ISM undvta tov 2.4GHz cuppatoc pe 1o tpowtdKoAlo
IEEE 802.15.4.

e Apiom gvaicOnoia 6EKTN He avToyn OTIC TaPEUPOAES e TVTTIKY evocOncio ARyng Ta -
92dBm.

e 250 kbps tayvmnto petapopds dedopévav pe texvikn eEdmimon eaopatog (DSSS)

e Avtoparn dnuovpyio Aé€ewv (word) cuyypoviouov.

e Avtouartn dnuovpyio tpootpiov petddoong (Preample).

e Avtopatn tomofEnon Kat avayvapion AEEEDV GUYYPOVIGLOV.
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e Avtoparog vmoroyiopndg CRC-16 kot Eleyyoc avtol yio TV aviyveuon GOOANATOV.

o “Eleyyoc dwbecipotntog kavoarod (CCA)

e Aviyvevon AauPavopevng woyvg (Energy Detection-ED), vmoloyiopod deiktn €viaong
Aappavopevov onpatog (Received Signal Strength Indicator - RSSI) kot dgiktn mowdtnTog
acvppotng Cevéng (Link Quality Indication - LQI).

o Yvvenefepyaotng CSMA/CA yio amo@uyn GUYKPOOLGEWDV.

o T[Ipooyediacpéva mapadeiypata avamtvéng (reference designs) amd v Tl coppopeouéva
LLE TTOYKOGLLOVG KAVOVIGHOVG Omov avaeépovtat oto Standards: ETSI EN 300 328 kot EN
300 440 class 2 (Europe), FCC CFRA47 Part 15 (US) xou ARIB STD-T66 (Japan). Exmounn
oto. 2480MHz pe to FCC standard vmootnpileton alAd oamorteitonr 1 eKmopmn UE

TEPLOPIGEVO KVKAO Agttovpyiag (Duty cycle) v/kat meplopiopog g eKmepmouevns 1oyHog
AAOL YOPOKTNPLOTIKAL:

e Emurpento ebpoc tdong Aettovpyiag tov CC2430: Erdyiot tdon 2.0 Volts pe péyiot to
3.6Volts.

e Tomikn koTavdimon woyvog pe 3V tdomn tpogodociog kat og mepiBdilov 25°C givar kotd
ekmopm 0dbm etvon 26,9mA = 80,7 mW kot yio Aqym 26,7mA = 80,1 mW.

e  Oepuokpacieg Aettovpyiog amod -40 emg 85 Paburovg kedciov.

TaravrtoTég

H xopdid tov CC2430 amoteAeitan amd tovg taravtotéc: A) Tov ecmtepikng otabepac RC
16MHz ocvyvomrog talavtot) mov givar mposmideyuévn emhoyn (default) tov kotoywpnti
CLKCON «poroyto0 Aettovpyiog» (System Clock) xatd tv ekxivinon tov pikpogieykt. B) Tov
TOAOVTOTY Tapay®yng cvyvotntos 32MHZ pe eéwtepikd kphotailo akpiPeiog yio v Asttovpyio
™™g CPU oy péyrtotn dvvarn tayvtnto Aettovpyiog pe péylom dvvarn otabepdtnto Asttovpyiog
pwG Kot ot ToAaviotés tomov XTAL €yovv tv pkpdtepn amdkAon amd v emBountm
OVOLOCTIKT] GLYVOTNTO KATOOKELTG. TNV TEPITT®OT Tov Ba ypnoyorondel and v epappoyn o
RF mopmodéktng mpémet va evepyomombei o tahavtotg tov 32MHz ov aratteiton amd to PLL
Yo TV Onpovpyia e eépovcag LYMANG cvyvotntog towv 2.4GHz. O MCU uropel va Aettovpyel
elte ota 32MHz gite ota 16MHZ v Aryotepn Katavaiwon 1oyvog katd v Asttovpyio tov (CPU

active). Emiong mpoaipetikd pmopei va ypnopomotodvior og System Clock ot tahavtmtég mold
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wkpne koatavolowong 32.768kHz RC 7 e€mtepikod kpvotdiiov XTAL 32.768kHz oe
KOTOGTACELS YOUUNANG EMEEEPYASTIKNG OVAYKNG Y10 CTIUOVTIKN HEIMOT KATOAVAA®ONG 1GYV0G. XTO
TOPOKATO TIVOKO TOPOLGLALOVTAL 01 KATAGTACELS AEITOVPYIOG — EE0IKOVOUNONG EVEPYELOGS LLE TOVG

TOAOVTOTEG VO OTEVEPYOTOLOVVTOL.

CPU

H CPU givar ovpPotn pe v apyrtektovikn 8051 twv 8bit mov oyediace n intel mpv and
oA ¥pOVIOL dAAG KOO XpNOLoTToLEiTal Kol KaTaokevaleTon amd v Prounyavia Adym g
amAOTNTOG 0YXESIOOTG TOV, TNV EVKOAIN TPOYPAUUATIGHOD TOV Gg assembly aAld kot Tov younAov
KOGTOVG KOTOOKEVTG. X€ KATOEG TEPUTTMGELS POIVETOL 1] TAAOLOTITO TG OPYLTEKTOVIKNG AGY® TNG
TEPLOPIOUEVIG EMEEEPYOOTIKT 1GYVE TOV TPOCPEPEL GTOV TPOYPUULOATIOTY] Kot YIVETOL OVTIANTTO
KUPIMG 0€ EQOUPUOYEC UE TOAEG aptOunTIKEG TTpdelg Wiaitepo pe TiuéC peyardtepeg tov 8bit.
BéBaia n cvykekpiuévn viomoinon tov 8051 (8052 oy mpaypatikdtra) lvar ToAd BeATiopévn
ommwg Oo avaldooVpE TOPUKATO GE OXECT e apylkn oxediaon ard v intel. H eneepyoaotikn
oy0¢ g CPU éxet Bertiobel apov ypetdletar 1 CLK yio v @oOptmon Kot EKTEAECT] OPKETMOV
eviod®v 1 Byte ka1 onuaivel 011 extedobvtar 12 @opég ypnyopoOTEPO GE GYECT LE TNV OPYLKN
oyediaon tov 8051. Emiong eumepiéyer 2 DPTR kataywpntég €161 pmopet var yiver avtiypoen
dedopévav ypnyopdtepa and Flash oe Xdata 1| kon a6 Xdata oe Xdata av ko 1 yprion DMA givar
KOAAVTEPT] Y10 LETOPOPA TOAADV dedopévav. O Kataokevaothg vrootnpilet 6Tt 1 8051 CPU tov

CC2430 eivon kot 8 Popég TO10 YPNYOPOC.

RAM (Data, iData, Xdata)

H CPU egumepiéyel ecotepikry pviun SRAM tayeiog mpoomélaong peyébovg 256bytes
ovopalopevn DATA/IDATA:

e H mepoyn 00-1Fh cuvolikod peyébovg 32bytes eivor m uvAun tovV KoToXOPNTOV
yevikov okonov (GPRS).

e H meproyn 20h-2Fh cuvoiikol peyéBovg 16bytes eivor n pvAun mov pmopei va yivel
enelepyooio TV dedopévav TG ava bit kat oy avd byte dnwg cuvnBiletar.

e H mepoyn 30h-7Fh cvvoAiwol peyébovg 80bytes eivar uvAun yevikod okomol e
duvaTdTNTO GUECTG TPOCSTEAACTC OTO TOV TUPTVA 1 KOl Y10 TV YP1|OT TOL GMPOV.

e H mepoyn 80h-FFh mepiéyel didpopovg kataympntég edikov okomov (SFRS) mov

YPNOUOTOOVVTOL Y10 TNV EVEPYOMOINGN, TOPAUETPOTOINON OAAL KOU yloL TNV
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KATAGTAOT AEITOVPYING TV S1apopwv meptpepetokdv tov MCU m.y oepraxn (SCON,
SBUF), ypoviotéc (TMOD) kAx. gite Yo amooToA)/ANyn 0£00UEVOV AUECH OTTMOC Y10
napaderypa and toug kataympntég PO, P1, P2 6mov givar ot mopteg e1oddov (1/0S)
e€6dov tov CC2430.

e Téhog n mepoyn 80h-FFh  givor pvAun yevikod okomold mov Oum¢ pmopel va
npoonmelactel MONO pe éupeon devBuveloddtnon vt avti ) teployn] dtevbovoeewv

UVAUNG €ivot GAANAETIKOALTTOUEVT LE KATO1EG ATtd TIG S1EVOVVOELG.

Extoc and v ecmteptkny pvpun tov 256bytes to CC2430 sumepiéyer pvun SRAM
ovvoAlkoy peyébovg 8192Bytes (2 X 4KBytes) ovopalopevn XDATA. H pviun awtn givon oo
apyn kat yperalovror 3-11 kokAor poroyiod (CLK Cycles) yiati dev givar diacvvdedeuévn dueoa
LE TO KEVTPIKO diovAo TOV VPNV Kot 1 TpooTéAaon g and T CPU yivetar péosm tov memory
crossbar/arbiter pe éupeon devbvvolodotnon pe v evrodr; MOVX kat tov kotoyopntov RO
n/xor R1 oAAd ko Tov €dwkod kotaywpnty MPAGE mov mpémer va €xel 1o 8 mepiocdtepo

onuovtikd bit tng dievbvuvong XDATA mov Tpénet vo, TpOcTELUCTEL.

ROM (Flash)

H pvqun mpoypdupotog tvat n pviun otnv omoia vadpyel vTodNKeLUEVO TO TPOYPOLLLLOL
ektéleong kar poptdveral (Opcode fetch) amd tov MCU péom tov deiktn pviung mpoypappotos
tov 16Bit (Program Counter, PC) av kot pmopel va tpoonehdcel >64Kbyte ROM pe v yprion
™¢ teYviKne Twv memory banks kou Bank switching. To mpoypoupa ektéleons vdpyel Kupimg
omv pwvnun ROM tomov FLASH aA)é 1 ékdoon tov CC2430 ektdg 611 vrootpilel 128Khbyte
Flash og pvqun npoypdppotog CODE dwapepévn o€ 4banks tov 32KB vrootpilet kot ektédeon
evtoA®v poypappatog and v XDATA SRAM.
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Memory Crossbar - Arbitrator

O memory crossbar/arbitrator ypnoionomtar yoo v dwacvvdeon g CPU kot tov
eheykt) DMA pe 6Aeg tig uvnueg (DATA, IDATA, XDATA, CODE) aveEaptnta, oA Kot pe
ol T TepLpepElakd pEow Tov SFR dtaviov. ‘Etotl unopel va emttevydet tavtdypovn aveEaptnn
npoonédacn pvnuov ard tov DMA kot v CPU yuw v adénon tov emddcewv. Avtd
EMTVYYOVETAL YIOTL 0VTOG 0 eAeyKTNG Omuovpyel évav diowAo dievbivoemv puviung (address
memory range) otnv XDATA zneployn kot mepiéyel oleg tic uvhueg (data, code, xdata) mov
KOVOVIKA €KTOC TOV OTL £XOVV JLOPOPETIKES S1ELOVVOELG elvar Kot O1POPETIKEG Lvres. Me avth
mv texvikn o0 DMA gleyktc va pmopet va Tig “oel” dheg aveEdpTnTa 0md TNV TPOYUOTIKT TOVG

@LO1KN d1evBLVEN Kot VoL UITOPET vaL TIG TPOGTELAGEL OIS PAIVETAL GTO Tynpa 3.
I

OxFF DATA 0xFFFF mFFFF
Vi Fast access RAM 8 KB SRAM
moo  MEmory space o {0EFOO
- == r Slow access RAM / -
0P F SFR * program memory in RAM e
g MEMOrY space ‘{/ OXEDOD T SFR registers
F TxDFFF I
D<FEFF i B Registers ul RF registers
(xDF 00 I -
TxDEFF i
™
., OeFFFF
XDATA memory space MNon-volatile program memory .\\
CxDF00
SE KB {=_. 128 KBFlash -
(xDEFF
lower 56 KB
De0000 |0x0000 U000
8051 memory spaces CC2430-F128 XDATA memory Physical memory
2ynua 3
DMA

Avovtikotepa o Direct Memory Controller (DMA) eivat éva tepupepelokd TOTOL EAEYKT

mov emtuyydvel v amocvpedpnon g CPU yio petagopéc dedopévav pviung Kot €tot
EMTLYYAVETAL LEYAAN OTOOOGT TOV GLGTHUATOG YMPIG LEYAAN aENON KATAVAAMONG 1GYVOS OO
v xpnomn tov. Avtd yiati oev amacyoAreitoanr 1 CPU yio v petapopd dedopévmy pe v ypnon
tov DMA ¢to1 1 CPU my. va amacyoleital pe v enelepyacio Twv ETOUEVOV Y10l LETOPOPA
dedopévmv O0mov o avtdv 10 Ypovo to DMA amacyoieiton MOM yuoo v peTOpopd Twv Mo
enelepyoopévov dedouévov. O ovykekpiuévog DMA controller tov CC2430 éyel to €€ng

YOPOKTNPLOTIKA:

o 5 Ave&apmnra kavaiie DMA yia tovtdypovn HETOPOPE OEO0UEVMY

* 3 TMOPOUETPOTOMGILN EMIMESQ TPOTEPOUOTNTAS T®V Kavaiidv DMA
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e 31 mopopeETPOTOGILA YEYOVOTA LETAPOPES

o AveEhptnTog EAEYYOG TOV O1EVBVVOEWMY ATOGTOANG KO TPOOPIGUOD SEQOUEVMDV.

e Avvorotnto emAoyng peyébovg uetagopdc. ‘Eva 1 moloamdd bytes oe oeipd (umhox) 6mmg
KoL SuvVATOTNTO ETAVOAAUPAVOUEVOV LETAPOPDV.

e  Ymootpilel medio Yo SLOPOPETIKO UNKOG HETAPEPOUEVMV OEOOUEVMVY Yoo TNV pVOoT
HETAPANTOD UKOVS HETAPOPES.

e  Mmopei va petapépet dedopéva unrovg 16bit (Word-size) site 8Bit (Byte-size).

O DMA eheyktg umopel vo mpoomehdost O ec TIG OBEéouec PVNUES OAAG Kol TOLG
nep1ocdtepovg SFRS g XDATA d1evBbvoelg kot yi’ avtd pmopet vo ypnoiporombet axopo Kot
T.Y, OTO VO, POPTMOVEL TOV KOTOY®PNTN TG oeplakng emkovaviog (UART) pe dedopéva amd tnv
VUM )/Kot TNV TEPLOSIKN LETAPOPA TV OESOUEVOV deryaToANYiag Tov evoopatopévov ADC.
Me avtov Tov €Eumvo Tpdmo umopel va pelwbel axodpa TEPIGGOTEPO 1 KATAVIAMOT 1GYVOG TOV
CC2430 apob av edv n CPU dev yperdletan va ektedet eviodég 6tav o DMA petoapépet dedopéva
101e pumopovue vo aAAdEovpe ™V Katdotoon Tng o€ “Omvoon” pe tov eheyktn dlayeipiong

Aerrovpyiog — evépyetag (Power management control).

Power Management Control

O eleyktng Olayeiptong Aettovpyiog Kot KATOVAAWOGONG EVEPYELNS XPNOLLOTOLEITOL Yo VL
aAldEel v koatdotaotn Asttovpyiag (PMX) tov CC2430. Avdloyo TtV KATAGTOGY, KOO
vroovotiuata m.y. N CPU, amevepyomowovvtar Otav dev ypetdloviol o€ Kamolo ypovikd
dwotnuoto ®ote va emtevyfel 660 TO JLVATOV KPOTEPN KOTOVOAMOY 16Y00G. Avtd
EMITLYYAVETOL: LE TNV OLOKOTY| TNG TPOPOOOGIOG GE KATOL 0O TO VITOGVGTILLATO Y10, TNV Helmon
™G otatikng dappong twv MOSFET transistors mov anaptilovv avtd To VTOGLGTHUATO, LUE TOV
ELeYX0 NG OVOUNG TOV ONUAT®V POAOYOD OTOL VTOCLOTHUOTO KOl TEAOC LE TNV OAIKN

QTEVEPYOTOINGT TOV TOANVTOTAOV OV SNUIOVPYOVV TO, GHLOTO POAOYLOD.
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O gheyktg oayeipiong Aettovpyiog £xel Tig aKOAOVOEC KATAOTAGELS OTMC TAPOVSIALETOL GTOV

IMivakag 2.

Power | High- Low- frequency | Voltage
Mode frequency oscillator regulator
oscillator (digital)
A None A None
g B 32MHz B 32753
= X0OsC kHz
5 RCOSC
B C 16MHz
E RCOSC | C 32768
O kHz X0OSC
PMO B,C BorC ON
PM1 A BorC ON
PM2 A BorC OFF
PM3 A A OFF
Iivoxag 2

PMO: avty eivor n kavoviky minqpn Aettovpyio oo CC2430 pe myv CPU, 6Aa ta
mePLPePIKd, tov RF opmodéktn, tovg ToAVIOTEG Kol €0MTEPIKOVS OTAOEPOTOMTEG
TPOPOJ0Ging va etvar 6Aot evepyomomuéva. Eniong oe avt v Katdotaorn Asttovpyiog
UTopoLUE Vo oTapatioovpe TV Asttovpyia povo g CPU epdoov dev yperdleton
evepyomolmvtag to bit IDLE tov kataympnt PCON aAld 6Aa Ta TEPLPEPIKE TAPAUEVOVY
g glyav (dev anevepyomotovvtar) kot 1 CPU Ba apunviotel and dmoteg evepyomomuUEVES
OLOKOTTEG EPPOVIGTOVV.

PMI1: v Katdotoon ot omevepyomolovvTol Ol YPNYOPOl TOAXVTOTEG KOl TO GUGTILLOL
umopei va agurviotel and erovekkivnon (HW reset) 1 amd eEwtepikn dtakomn 1 T€A0G amod
vrEpyEiAion Tov €101K0V sleep ypoviot.

PM2: {10 pe 10 PM1 oAAd okdpo amevepyomolel Kol 0 £0MTEPIKOC GTAOEPOTOMTIG
TPOPOOOGING Y10 KON TEPIOTOTEPT £E0KOVOUN O EVEPYELNS. Mmopel va apurvietel pe
TOVG 1010V¢ TPOTOVG OTMS Ko pe v PM1

PM3: {10 pe 10 PM2 aAAd amevepyomolel Kol TOVG TAAAVIMTEG YOUNANG CLYVOTNTOG LE

amOTEAEC O, TOL UTTOPETL VO, apUTIVIGTEL LOVO e eEMTEPIKT dlaKOT 1| reset.

Inuewdvetor 6Tt 0 eheykmng Swoyeiptong Asttovpyiog dev amevepyomolel TOV OVOAOYIKO

otafepomomt] mov Tpoodotel Eexwplotd tov RF moumodéktn ko av ypsialeTon va

anevepyomon el mpémet va yiver pécov tov Kataywpnm RFPWR.
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WDT

O Watchdog timer (WDT) givat évag ypovioTig oV XPNOLUOTOLEITAL KUPIME Y10, TOV
ELeYX0 NG OMOTNG Aeltovpyiog Tov AOYIoHIKOD TOv ekTeAEitol. TO AOYIGHIKO €VOEXETAL VO
“koAnoel” Aoy moapepformv kot Bopvfov oty Tpogodocia Tov CC2430 N axodua kol amd
anpPOGOIOPIOTEG, UN EMBVUNTEG KATOOTAGELS -T.Y. AOY® GCOOAUATOV OvVATTLENG- TOL Umopel va
Bpebei 10 Aoyiopkd. O WDT tov CC2430 amoteleitor and éva ypoviot tov 15bits mov
tpopodoteitan and 32.768 KHz mov dmpiovpyodvion amd Toug TOAOVTOTEG YOUNANS GUYVOTNTOG
tov CC2430. To Aoylopuko €xel oxedtootel KatdAAnia yio va apywonolel tnv tiun tov WDT o¢
TOKTAQ YPOVIKG dtooTApaTe TPy TPoAdfetl vepyeldicetl pue tpono mote o WDT va emovekkivel
(reset) To CC2430 pdvo oe ampoodidopioTeg KATAGTAGELS “KOAAUATOS” TOV AOYIGHIKOV. Mg Tov
WDT avéaveton n a&lomotio ekTéEAEONS TOVL TPOYPAULOTOS Yot ympig v xpnon WDT umopet
va ypelaloTav eLoikn avlpomivny TapéuPoacn HETE amd MPEG 1 KO LEPES YO TNV EMOVEKKIVION
TOV GUOTNUOTOS. XNV Tepintwon mov dev amatteiton o WDT pmopet va ypnotpomomet ko wg
YPOVIGTAG YEVIKOD GKOTOL pe duvotdtnta dnpovpyiag dwokomng. 'evikd o WDT ypeialetan
TPOGOYN YT 6TIS KoTooTAoELS Asttovpyiog PM2 kat PM3 o WDT yavel v 15bit tiun mov &iye

Ko unoeviletal.

USARTSs

To CC2430 eumepiéyer 2 USART modules USARTO kot USARTI1 pe vmootipién

oLYYPOVNG KOl AGVYYPOVNG GEPLOKNG emkovaviac. Ta yapakmmpiotikd twv USARTS sivau:

e Emioyn 8 i 9 bit amoctoAng/ANyng

e  Ymootpi&n mTEPLTTAG 1 APTIOG IGOTIHIOG

e PuOuloueveg otdbuec tov start stop bits

e Emioyn apyikng aroctoAng pe MSB 1) LSB

o AveEdptnn dNovpyic S10KOTMOV GE OTTOCTOAN KOl Aym

o AveEdptnn mopoddtnon tov DMA gleyktn o€ amooToA Kot Aym

e 'Eleyyog ogoiudtov tcotiiog kot Tov ogplok®v miooiov (framing) pe
EVIUEPWOOT] KOTAGTAOTC.

e Ymnoompi&n Flow control (RTS,CTS) pe yprion 2 axdpo pins (4 covolro).
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To meprpeplokd USART oe koatdotaon Asttovpyiog UART mapéyer full duplex actvyypovn
GELPLOKT ETIKOV®ViO dEOUEVOV tE aveEaptnTo cuyypovioud tov bits tov mopmov kot déktn. H

napapetponoinomn g Asttovpyiog tov USARTS yivetar and tovg katoywpntég UXCSR.

ATIOXTOAH: H amoctoly tov bits amd 1o USART Eekwvder otav @optmbBovv

dedopéva otov dwmho  katayopnt (double buffered) UXDBUF (1o ‘X° omiover 7o
ypnoponotovpuevo USART). To bit ACTIVE tov katayopnti UXCSR dniodvel 6t et Eekivioet
amootoln bits oo TXDX pin. Otav oAokAnpwbei pio amostodn Tmv 8 1 9 bits dedopévav, to bit
TX BYTE tov UXCSR yiveton Aoyuco 1. O UXDBUF givat S1mAog koToympn ¢ Kot vrostnpiletal
N EOPTMOOTN TOV EMOUEVOD YAPUKTIPO. Y10 ATOGTOAN KOOMDS O TPOTNYOVUEVOS YOPUKTIPOS OKOLLOL
amootélAetal. Emiong vrootnpilel mapaymyn dwakong kdbe popd mov o UXDBUF umopei va

deyxei byte yio amoostoln.

AHYH: T va Aappdavovtor ceproxd dedopéva mpénel 1o bit RE tov kataympnt
UXCSR va gvepyonomBei oe Aoyikod 1. Me 1o mov aviyvevbei amd to UART éva €yxvpo bit évapéng
Eexvael n Aqym, ta emdueva. bit poptdvovtar otov Kataywpnth AMyng (oAicOnonc) dedouévmv
kot to bit ACTIVE tov kataympnty UXCSR petafaivel kot mapapével oe Aoyikd 1. Metd omd
™mv oAokAnpwon ¢ Aqyne to RX_BYTE bit 6o petoafei oe Aoykd 1, Oa dnuovpynOel diaxonn
ko ToparAnia to ACTIVE bit 0o petofei o Aoykd 0 apov olokAnpmOnie | Ayn tov byte. To
byte avtd &yel amo £xel amobnkevtel otov UXDBUF kotoyympnti Kot petd amd Kabe avayvoon

tov t0 RX_BYTE bit petapaivel og Aoywod 1.

EAETXOYX POHY: Xmv mepintwon mov 0élovue flow control amd to UART
nep1pepelaxd mpénet to bit FLOW tov UXCSR kataywpnth va evepyomonbei. Etorn é€0dog RTS
Ba odnyeitan og younid dSvvapko 0 6tTav 0 KaToywpnTNG Elval AOEI0G KOl 1 GEPLOKT ANyYM Eivar
evepyomomuévn. Avtiotoyo 1 ekmounn dedopévov dev Eekvder uéyxpt to CTS onpa va petoPet

o€ YOUNAO SLVOUIKO.

IZOTIMIA: Otov ta bis BIT9 kat PARITY 1ov UXCSR 1000V og loywkd 1 101€
gvepyomoleiton N mapoymyn kot ekmopnn evog akopa BIT yio v wootipia. Avtictoyo HETA T
My tov bit avtodv Tapdyetar To bit wwotipiog oto dékt Yo v cuykpiBel pe to Aapfovopevo.
Edv vrap&er AdOoc icotipiog tote to EER bit tov UXCSR yivetar 1. Avtd to bit yaveton dpmg petd
amd avayvoon tov UXCSR. O apiBudc tov bit Anénc (stop bits) pvBuiletor oe 1 1 2 omd to SPB
bit. O 6éktng navta mepyuével vo AaPet 1 bit AnEng kau edv o TpdTo bit AMEng Anedei oe Adbog

YPOVIKY oTiyun amd v mpoPrenopevn tote 1o bit FE tov UXCSR petafaivel oe Aoywd 1 mov
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dAdvel opdiua cuyypovicpod tav bits. O déktng pubuiletar vo eléyyet 2 Aaufovoueva bit Anénc
otav to SPB bit éyetl evepyomomBei. Téhog onpovpyeitan drokom 6tav to TpdTo bit Aféng sivan
omOTO Kot GV TO 0e0TEPO bit ivar esparpévo tote Oa petaPaiver to bit FE tov UXCSR og Loyikd

1 oAAG pe ypovikn kabvotépnon evog bit avarioya pe tov oelplaxd puvbuod petadoong tov bits.

H dnpovpyia tov pubpod petddoong tov bits (Baudrate) otnv achHyypovn oeiplokn

petdooon (UART) yivetan epappolovtag tnv Topakdt® GuvapTnon:

(256 + BAUD _ M )=280_£
~ 28
Omov F givon 1 ovyvotnta Aettovpyiag (L6MHz RC v 32MHz XTAL) tov CC2430 kau BAUD_M,

Baudrate = * |

BAUD_E e&ivar 2 xatoyopntés SFR yuo v emoyn g embBounmg taydtrog. ‘Etor yuo
napddetypa ota 32ZMHZ £yovpe Tig TopakdT® YVOOTEG TaXOTNTESG e TIS Tapakato Tiuég Hivakag

3 tov xoatayopntov BAUD_M kot BAUD_E :

Baud rate (bps) UxBAUD.BAUD_M UxGCR.BAUD_E Error (%)
2400 59 6 0.14
4800 59 7 0.14
9600 59 8 0.14
14400 216 8 0.03
15200 59 a 0.14
28800 216 9 0.03
38400 59 10 0.14
57600 216 10 0.03
TE800 59 " 0.14
115200 216 " 0.03
230400 216 12 0.03
ITivaxac 3

[Mapayoyn owxondv (interrupts) oto USART: To CC2430 mpoo@épel SlapOpeTKEG Kot
avegapmteg dlakomég oe oyéomn pe toug KAaooikn 8051 apyttextovikn kot givar too URXX ko
UTXX bits yio Tnv Aqymn kot ekmopnn avtiotorya. Xtovg katayopntég IENO kot IEN2 vrdpyovv
ta bits ywo v evepyomoinon mopaywyng dtoukonmv kot otovg TCON kot IRCON2 1o avrtictoyo

flag bits.
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ITowo cvykekpuéva to bits xar bit flags yio v mapayoyn 1 katd v mopoyoyr S10KOTOV

QaivovTol TOPUKATO:

Eniong otov Iivakag 4 meprypdoovior ot

CC2430:

Interrupt enables:

s USARTORX:
= USART1RX:
« USARTOTX:
s USART1TX:

Interrupt flags:

« USARTORX:
s USART1RX:
« USARTOTX:
« USART1TX:

IENJ
IENQ
IENZ

IENZ

TCON.URXOIF
TCON.URXI1IIF
IRCONZ.UTXOIF
IRCONZ.UTX1IF

.URX0IIE
.URX1IE
UTXOIE
UTX1IE

d1evBHvoelg OAMV TOV SIOKOTAV TOV VIAPYOVV GTO

Interrupt Description Interrupt Interrupt | Interrupt Mask, | Interrupt Flag,

number name Vector CPU CPU

0 Elig};gfﬂ%vﬂhdemw and RX RFERR 03h IENO.RFERRIE | TCON.RFERRIF’

1 ADC end of conversion ADC 0Bh IENO.ADCIE TCON.ADCIF

2 USARTO RX complete URX0 13h IENO.UREOIE TCON. URXOIF

3 USART1 RX complete URX1 1Bh IENO.URE1IE TCON. URXLIF

4 AES encryption/decryption ENC 23h IENO.ENCIE SOCON.ENCIF
complete

5 Sleep Timer compare ST 2Bh IENO.STIE IRCON.STIF

B Part 2 inputs P2INT 33h IENZ.P2IE IRCONZ.P2IF

7 USARTO TX complete UTX0 3Bh IEN2.UTE0OIE IRCONZ.UTXOIF

8 DMA transfer complete DMA 43h IENL.IMRIE IRCON.DMAIF

g9 Timer 1 (16-bit) T1 4Bh IEN1.TLIE IRCON.T1IF™®
capture/compare/overflow

10 Timer 2 {MAC Timer) T2 53h IEN1.TZIE IRCON.T2IF ¢

11 Timer 3 (8-bit) compare/overflow T3 5Bh IENL.T3IE IRCON.T3IF *

12 Timer 4 (8-bit) compareloverflow T4 63h IEN1.T4IE IRCON.T4IF ®

13 Port 0 inputs POINT 6Bh IENL.POIE IRCON.BOIF

14 USART1 TX complete uTx1 73h IEN2.UTX1IE IRCONZ.UTX1IF

15 Port 1 inputs P1INT 7Bh IENZ.FP1IE IRCONZ.F1IF®

16 RF general inferrupts RF 83h IEN2.RFIE S1CON.RFIFD

17 Watchdog overflow in timer mode WDT 8Bh IEN2.WDTIE IRCCON2.WDTIF

Iivokag 4
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RADIO
To padio Tov CC2430 nepiéyet Evav cvpPatd mopmodék pe 1o tpotvmo 802.15.4 dmwg eaivetal

umiok Sidypappa, Exkova 3:

RADIO
REGISTER H.g|wE"..>
1 ANk ]
FFCTRL
CSMAICA
=4 STROBE
PROCESSOR
SFR bus: >
IRQ
HANDLING

Eixova 3

O déxmg Aappaver to ewoepyduevo RF onua g 2.4GHz ISM pnavtag and v
Kepaio 1o evioydel pe Tov evioyvth youniov Bopvpov (LNA) kot vrofipaletor (og I ko Q) otnv
yapmAn evoldueon ovyvotta (IF). e avtny v ovvbet younAn cvyvotnto tov 2MHz, to IF
OO QIATPAPETAL Kot eVIGYVETOL Yo Vo ymeronombel and tovg ADC petatponeic tov déktn.
Agrtovpyleg OTMG OVTOUATOC EAEYYOC KEPOOLS, TEMKO QIATPAPICUE KOVOALOD, OVIIGTPOYT
eEamhmong edopatoc (de-spreading), avtocvoyétion cvuBormv (symbol correlation), mpooiuto
Kot ouyypovioudc oe eninedo byte, Odeg avtég ivar vAomomuéves 6To VAIKO pe yneloko Tpomo.
Otav dnuovpyeiton dtoKomn ond TOV TOUTOOEKTY], ONUOIVEL OTL O TOUTOOEKTNG EXEL OVAYVOPIGEL
v apyn Tov mhoiciov (frame delimiter) kou £xe1 amodnkedoet to mhaioto oty 128byte FIFO (First
byte in First byte out) pviun AMyng mov meptroufavel. O ypPNOTNG UTOPEL VO KAVEL AVAYVOOT)
avTOV TV dedopévov pécm SFR. Eivol mpotipndtepo va ypnoyonoteitat o ekeyktng DMA ya v
avtrypaen tov dedopévev and v RF FIFO pviun oty kdpla pviun yuo v pHeylotonoinon e
amodoons. To CRC emoAnBevetan avtopata and to HW 6mwg kot 1 mpobnkn oto miaiclo twv

nediov RSSI kot LQI 6nwg mapovstdletor 6To HmAOK S1OYPOLLLLO. TOV OTOOIAUOPPMTY. Xyfquo. 4.
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11 @ Anale Digital Frequency Digital Symbol Data
IF signa 2 — - ADC | IF Channel - Offset o Data P»-| Correlators and —f Symbol
g Fitering Compensation Filtering Synchronisation Output

Average
RE3 = RSSI Correlation

Generator Value (may be
used for LQI)

Zynua 4

O moundg tov CC2430 extelel aueon etepodvveon otnv RF cuyvdtta ekmounigc.
Ta dedopéva yio amootoln) otélvovtal kot amodnkevovtar otnv FIFO 128bytes pviun amoctoing
o6mov puoikd gtvat Eeymprot Kot aveEaptn pe v FIFO Aqyng dedopévav. Ta media Tpoorpiov
Ko Evapéng mhausiov dnpovpyovvtal g Kabe TAaiclo avtopata omd o vakod (hardware). Xe
Kabe ovuPforo Tmv 4 bits yivetar evépyeia eEdmlmonc edouatoc (spread spectrum) oe 32 Chips
Baon ¢ axorovBiog e€dmiwong 6mwg opiler to mpotvmo IEEE 802.15.4 IMivakag 5 kot petd
odnyovvrat ta Chips g eicodo otovg DACS petatpomneic. 'Eva avaloywd yapmiodiafotd @iltpo
dwPpalet to onua otovg opboymviovg (I & Q) pikteg avodikng etepodvveong. To tedikd RF
OO EVIGYVETOL OO TOV EVOMUATMUEVO EVIGYVLTI 10YV0G KOl 00N YEITOL GTOV O1OKOTTN EMAOYNG

EKTOUTNG/AYNG. TO TAOTOMUEVO LUITAOK Oy POLLLILD. PONG TWV OEGOUEVMV TPOS EKTOUTN PEVETOL

0TO Xynua S.

Symbaol | Chip sequence (Cq, Cy, Cay «o. s Ca4)

0 11011001110000110101001000101110
1 11101101100111000011010100100010
2 g010111011021100111000011010210010
3 0100010211101 10119%01110000110101
4 101 1 010111011011 111 11
5 ) 0110101001000101110110110011100
6 11 0 11 10100103004 1 111 11 11 01
T 1 1110000 11 1 1 11 1 111 1101
3 1 0110010010 11 0 11101111011
9 10111 1 0110 10 10110000001 2110111
10 1111 1110 11 1 01 11000000111
11 111011110111 110010010 1100000
12 0000011101111 0111000110010010110
13 11000000 111 11110111 11 1 01
14 1 1 1100000011101 111 111 110
15 11001 101100000011101111011100

Ilivaxac 5

Tteream—» Bt || Symbok || OGPSK | WModited
(LSB first) ymbo o-Chip odulator igna

2ynua 5
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["a v Aettovpyio kot Tov EAeyyo tov moumodéktn n CPU ypnowonotel éva 6eT omd
otpoPoug evroddv (command strobes), dniadn eviorég tov evog byte mov edéyyovv koan pvOuilovv
™mv Agrtovpyio. Tov podto—mopmodékty. Ilpénel voxpe®TIKA Vo YpNGILOTOMBoLV, HOTE Yo
nopaderypa va evepyomombei 0 cuvBétng cvuyvotntev (Frequency Synthesizer), n dvvatdtnta

EVOALOGOOUEVIG ANYNG KOl EKTTOUTNG OO TOV TOUTOOEKTN Kol AAAEG Aettovpyieg. Yapyovv 9

ovvoAlkd strobes mov otélvovtar and v CPU otov CSMA CA/Command Strobe Processor
(CSP) mpoxeévov va pubuilovv v Aertovpyio. Tov TOUTOdEKTN. TOo GET €VIOADV TOL

vrootpilet o CSP mapovoidlovror otov Iivakag 6

Opcode Bit number

Mnemonic T B 5 4 3 z 1 0 Description’’

i)
[}
r
(]
-
LA
[E1}
=
v

Skip 5 instructions when condition {C xor
M) is true. See Table 48 for C conditional
codes

WAIT W 1 1 0 W Wait for W number of MAC Timer
overflows. W s zero, wart for 32 MAC
Timer owerflows.

WEVENT 1 1 1 1 1 i i i Wait until MAC Timer value is greater than
or equal to compare vaklue in T2CMP

WAITX 1 u 1 1 1 a 1 1 Wait for CSPX number of backoffs. When
CSPX is zero there is no wait

LABEL 1 1 1 1 1 i 1 i Label next instruction as loop start

RPT 1 z 1 z " Repeat from start of loop if condition (C
xor M) is true. See Table 43 for C

conditional codes

ri

INT 1 z 1 1 1 | 0 1 Aszert interrupt

INCY 1 u 1 1 1 1 0 1 ncrement CSPY

THCMANY 1 1 1 1 0 M ncrement CSPY not greater than M

CECY 1 0 1 1 1 1 1 ( Diecrement CSPY

DECZ 1 1 1 1 1 1 1 1 Diecrement CSPZ

RANDXY 1 1 1 1 1 1 0 ( Load CSPX with CSPY bit random value.

Fxxx 1 1 0 3TRE Command strobe instructions

ISxxx 1 1 1 3TRE mmediate strobe mstructions

ITivoxog 6



29

Y10 Quoikd eminedo emedn to. 250kbit dedouévov petatpénovion oe 2MChips
katadapupaveton 2MHz Bandwidth avéd kavdit, oto vrootnpilopuevo @acpo ekmoumng AYng

onwg mapovcidleton otnv Ewkova 4.

Eniong 1o mpd10 KavdAl ekmounng - Aqyng and to 16 cuvoro, £l G KEVIPIKT cLyvOTTA
ocuvtoviopov ta 2405 MHz. Ta endpeva kavaiia sivor torobenuéva avd kabe SMHz. Me avtod

Tov Tpomo vrdpyel “andotacn” 3MHZ peta&d yertovikdv Kovolmv.

Channel

. R ;I F Y EYT Y ! A
| | | | | | | |

LA Ly L LD L A LV L U L L L VL U 1 1]
2405 2410 2415 2420 2425 30 2435 2440 2445 2450 2455 ME0 Mes 2470 M7 2480

2400 MHz 24835 MHz
b} IEEE BOZ 15.4 channel selachian (2400 MMz FHY)

Booroe |EEE BI2 15 4 speclhcalion

Eixovo. 4



30

SIMPLICITI

H SimpliciTl eivor otoifa Aoyiopukod avolktoh KK AGVPUOTNG ETKOVMVIOG
acOnmpov, yuo piKkpng kApokog acvpupota diktva acOntipov. Eivor oyedaouévn ot
VAOTOMUEVN omOKAEIoTIKG amd tnv Texas Instruments, pe yvopova tnv ukoiio ypnong kot
TPOYPOUUATIGHOD, Yo, YOUNA0D pLOUOD HETAO0OT OEOOUEVAOV, YOUNAT KATOVAA®ON EVEPYELNGS,
LKPT] YE@YPAPIKY] KAAVYT|, TEPLOPIGUEVT) VTOGTIPIET TOTOAOYIDV ACVPUATOV KOUP®V KOt TEAOG
Yoo YOUNAO KOGTOG TOPAY®YNG TOVL TEMKOU WPoidvVTog. Atatifetor otnv 16TOGEAMSA TOV
kataokevaoth (TI) yio Aqyn dwpedv pe 018popeg EVOEIKTIKEG EQAPUOYES. AOY® TOL OTL TAPEXETOL
0€ LOPPT OVOIKTOV KAOOIK, TPOCSPEPEL GTOV GYEOIOGTI-TPOYPAUUOTIOTH TNV OLVATOTNTA TANPOVS
KOTAvONGoNG TOL TPOTOL AEITOVPYING TNG GTOIROC, EVKOAITEPT] Kot EVEMKTY OTOGPUAUATMOGY| GE
eninedo KOdka yAhvooag C e E0KOAN TOPAUETPOTTOINGT) KO LETATPOTEG AVAAOYO LLE TIG OVAYKEG
™¢ epappoyns. Etvar coppot pe po peydin ykdpo mopmodektmv oAld kot SOC oAokAnpouévev
emiong xatackevaouévav omd v Tl dnwg to CC2430. Eivon mpaypatikd edkoAn ot xpron Hog
Kot £XEL OYEOAOTEL Y®PIG TNV OVAYKN AEITOLPYIKOL GLGTHUATOG TPAYLLATIKOL ¥pdvov (RTOS) ko

YPNOOTOEL AlYOUG TOPOVG WG TPOG TIG VAIKES OVAYKES TNG.

Mepikd and ta xopaKInPloTIKA TG ivat:

e EvkoAn ot gpappoyn g apov 10 Pactkd APl mepiéyel Lovo 6 GuVOPTNGELS TOL APKOHV
Yl TV AN PN Agttovpyia TNG.

e  Mikpéc amoutnoelg o€ vAkd (HW) .y 16KB Flash ka1 IKB RAM og 8051 SoC

o XaunAo KOGTOG KaL YPYOPN ELPAVIGT] TOV TPOIOVTOG GTNV 0yopd

o  XapunAn Kotavilmon evépyelag e ypnon dtayeipiong toyvog CPU & Radio

e Evpeia cvpPatodtra pe mordd ohokAnpopéva IEEE 802.15.4 cupPatd 1 un.

e 'Ewng kot 500Kbps péyiotov pvbuov peradoone (RAW data rate)

e Aoc@dAela OIKTVOV (L€ GUUUETPIKT KPLTTOYPAPN oY Oedopévey ) omwg XTEA, AES

e YmoothpiEn e0KOANG LETAPOANG KovaAldV yio. amopuyn mapeppornv/Bopvpov (Frequency
Agility)

e Ymootpi&n eKmouTnG/ANYNG pe petanndnon cvyvotitov (FHSS)
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[Topaodelypato epapuoydV:

e Y& 0oVPUOTO CLGTNHOTO ACPAAEING OTOC GLVAYEPUOL, ousONTpeg Bpaong Tlapidv
e Ye dpopovg aicOntpec 0nwg CO, Pmwtoc, YnEpuOpmv N vTepNy®V, KATVOD KAT.

e X& oUTOUOTOVG LETPNTEG OIS VYPOEPIOV, VEPOV KO NAEKTPIKNG EVEPYELQG,.

e Xg OUTOUOTICUOVG CTUTIMV OTMG YKOPAL, aVTOUATEG TOPTEG, TapdOLpa KAT

o ['w epapuoyég evepymv RFID

wireless RF data B
] a3
fransmission
Data acquisition
al laptop
' g Q.\;K\
Motion sensors === r
i e
"- 1 u
. Se T, | Y v W W Y
Master node &("ﬁ";) b ’. o ot
: A e
(k:ﬁJJ) dl S

Wearable mote
with armband
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Koatnyopieg koppov owrvov
Ye éva diktvo koppwv Paciopévo oty SimpliciTl otoifa vrootnpiletor n vrapén

3 dopopeTiKOV KOUP®V 0ntwg paivetar oty Ewéva 5 :

. A . t Examples message flows
ccess poin —— Peer2Peer message

—— Message to Access point
@ Range Extender

Message repeated
through range extenders

End Device

H

Repeater

CO Sensor Glass
Break
Sensor

Eixovo. 5

Tepuotixny ovokevyy ED (End Device)

H ovokevn ED amoterel tov telkd xOpPfo 6mov evompotdvovtol o aicintipla
(sensors) kot ot evepyomontég (actuators) avaioya pe TIG AmaLTHGELG TNG EKAGTOTE EQopproyns. H
mmyn tpoodociog evog ED kopPov eivar cuvibog amd pmoatapio/ec 1 amd avoveOOIUES TNYEG

TEPLOPIOUEVIG EVEPYELNG TT.Y. PMOTOPOATUIKG TAVEAC.

H ED pmopel va Aettovpyst ocvveydueva 1 0yt (katdotaon “Omveong’) yu
eCowovounon evépyelng Kot ouvnBwg ovty M OLVATOTNTA YPNCIULOMOEITAL, OTOV 1 TNYN

TPOPOOOGiag elval TEPLOPICUEVIC EVEPYELUG.

Ot ED xopPot pmopodv va Aapfavouv Kot vo EKTEUTOVY TOKETO 1| VO EKTEUTOVV
uoévo ympig vo Aappdvoov Onwg 6€ EPOUPHOYES OTOCTOANG EMAOYDOV YPNOTN T.Y. CCVLPUOTOL

SKOTTEG PMOTIGHOV.
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2nueio IlpdoBoonc (Access Point - AP)

Movo éva AP dbvatar vo vdpyel o€ €va dikTvo €POcOV Ypeldlovtal ot E101KEG
dVVATOTNTEG OLAXEIPIONG TOV SIKTVOL KOl TOV GLOKEV®V TTOL TO amaptilovv. To AP dwoyepileTon
toug kOoppovg ED wor RE mov emurpémeton va emukovovodv (peer network join) pe to
dwyeplopevo omd 10 AP diktvo. Emiong, owyepiletoar 115 dvvatdtreg vmooTtnpiENg
KpumToypapnuévng emtkowvaviog kot Frequency Agility. Eniong to AP givat oyediacpévo pe kopa
YN TPOPOS0GI0G TOV, TO NAEKTPIKO SIKTLO APOV ATULTEITOL VO AEITOVPYEL AKATATOVGTA Y10 TV
vrootypién ED ovokevmv oe katdotacn vmvoong (sleeping mode). Avto yivetoaw pe v
amofnkevon unvopdtov dedopévav amd toug koppovg ED mov petafaivovv oe kotdotaon

VIVOOTG KOL TNV HETEMELTA TPODONGT QVTOV TOV UNVUUATOV OTav otnBovv amd dALEC CLGKEVEC.

To AP vrootpilel 6Aeg Tic dvvatdtreg tov EDS og koufog aisOntipav (sensors)
Ko gvepyomomtav (actuators) 6mmg kot TV dLVATOTNTO VL AELITOVPYEL Kol ¢ KOUPOG emEKTOONG

¢ meproyng kaivyng (RE) o0nmwg Oa dodpe mapokdtm.

Range Extender (RE)

O kopuPog eméktaonc ™ KAAvyNG SIKTHOL AEITOVPYEL OKATATOVGTO OOV Eivor Kot
VTOG OYEOACUEVOS VAL £XEL WG KVPLX TNYN TPOPOJOGiaG TOV TO NAEKTPIKO dikTvo. ‘Exel oyediootel
YLoL TV AW KO OTOGTOAT TOV AAUPAVOUEVOV TAKETOV OO TIG AAAEG GUGKELES TOL HIKTOOL OAAYL

av amotteitot, pmopel va gvepyel kot oav koppog ED.
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Tomoloyieg AtkTO0V

O1 duapopeg tomoroyieg evag diktvov Simplici Tl wov propodv va dnpovpyndodv mapovoidlovran

otV Ewéva 6 ko etvar:

Direct peer to peer

Direct peer to peer through RE

- .'!-1 e,
Yooan,
o . L

va,
“euy,

Poll

Store and forward peer
to peer through AP

Store and forward peer to peer

Logical path = .
Data path —— |through RE and AP

Network Mgmt

Eixéva 6

Aueon emrorvavio ED xoufwv: Tlpodkeitat yio. TV amhoveTept) TOTOA0Yi0, OTOL TO, TOKETO

dedopévov ovtoilalovior dueca petocd tov ED képpov. To Aoywd povomdtt tov
HETOPEPOUEVOV OEGOUEVMOV GUUTITTEL LE TO TPAYUATIKO PUOIKO LOVOTATL.

Aueon emrxowvowvio ED koufwv diouéoov RE xoufov: To @uoikd povomdtt dedopévaov

enekteivetar Adym ¢ ypnong RE wopPov yio v emitevén peyoAdtepng cLuvoMKNg
KédAvyng diktvov apov o RE xopPog opa wg HUB oniadr| eraveknéumnel adpata OAa o
Aoppavopeva mokéta ED kopPov. To Aoywd povomdtt gival 1010 OT®G pe TNV GUEST
emkowvovia ED koéppov yopic RE.

AmobOnkevon ko1 mpowbnon moxétwv ED xoufawv uéow AP: O kéuPog SD eivar amhd évag

ED wopPoc pe evepyomompuévn v meplodikn OTvoon Kot Otov givol evepyos, OTEAVEL
aitmua oto AP yia va Tov amooteilel TakETa TOv evOgyeTan va eivar amodnkevuéva, yio
mpomBnon mpog awtd. To Aoyikd povomatt eival To 1010 OTMWE GTNV AMAY TEPITTOON TNG
dpeong emkowmviag ED kopfov oArd 1o uowd povordrt givar dtapécov tov AP petd
a6 owtnpata and to SD oto AP.

AmobOnkevon ko1 tpowbnon roxétwv ED xoufwv puéow AP kor diopéoov RE: givon idwo pe

TNV TPONYOVUEVT] TOTOAOYIM, HE TNV dpopd 4Tt ypnoomolovvtor RE kopfot yuo v

EMEKTOON TNG YEOYPAPIKNG KAAVYNG TOV SIKTVOV.
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Amo ta mopomdve avtilappavouacte 6t i otoifo SimpliciTl sivor oyxedoouévn va
vrootnpilel HOVO ApecT HETAPOPE TOKETOV HETOED KOUP®V HE TIC TOPATAVE TAPOALAYES. AVTO
amoteAel €vov TEPLOPIOTIKO TAPAYOVTO, YO OVATTUEN OMOITNTIKOV EQOPUOYDOV AoV Oev
vrootnpilovtor ovte 1 dpopordynon makétwv (routing) ovte ot TAEYUATOEWDEIG TOTOAOYiEG
(mesh).

Ta enineda g oToifac.

H SimpliciTl anotekeiton and 3 kbpia enineda: To eninedo epapuoyns, To EMINEGO SIKTVOV Kot TO

eninedo (evéng dedopévav (Datalink - DL) poli pe to guoiko eninedo.

Xounidtepo eminedo

‘Exet avapepOet 0tt  SimpliciTl éyel oyedaotel kot viomobei dote vo givon
ocvopupotn Yo vo ekteAecTEl amd pio gvpeio YKAUO PIKPOEAEYKTMV LLE EVOOUATMOUEVO TOUTOJEKTY).
Ady® ovtic NG duvatdTNTaG, 1 0PYAVMOOoN TOL YoUnAdtEpOoL emmédov TG otoifog elval
YOPOUEV o€ VO Katnyopie. Me avtdv 10 TpOmO diveTon 1 SVVATOTNTO GTOV GYESNOTN —
TPOYPOUUATIOTY] VO XPNCLOTOLEL TNV oToiPa e EAAYIOTEG £MG Kot UNOEVIKES TPOTOTOW|CELS GTOV

KOOI EMTEIOV EPAPLOYNG.

O1 dv0 koaTNyopieg opyavmong TOV YOUUNAOTEPOV EMTESOL Elval:

Board Support Package (BSP): Eivor 1 katnyopio apyeiov C kddika ¢ otoifog

(avtiotoryn pe v katnyopio Hardware Abstraction Layer), vrevbvvn yio tnv Bacikr vrootipién,
OPYIKOTOINON Kol TOPAUETPOTOINCT OTOLYEI®V Yoo TNV GMOOTH Agltovpyion HeETalld Sdpopmv
APYITEKTOVIK®DV UIKpoereykT 0mmg o 8bit 8051 kot o 16bit MSP430. ITwo cvykekpyéva 1
ovvapton BSP_init() ypnowonoeitar yio v apyikoroinon (initialization) 6iwv toV
amattovpuevey  otoyeiov ommg: CPU endianess, diayeipion tolaviotodv, poOuon kot
OLYYPOVIGUOC YPOVICTAOV Y10 TNV TOPAYMOYT] CLYKEKPIUEVOV XPOVOKAOLOTEPNCEMY, dloEIPIoN
JKOTAV, EVEPYOTOINGT KOl OPYLKOTOINGN JPOP®V TEPIPEPEIOKMV SLOTAEEWV OTWS AKPOOEKTEG
Yo, €16000/€£080 dedopévav kot oeiplakn entkowvovia (12C, SPI, UART). Idwitepa, 1 celpaxy
ovyypovn emkovovia SP1 ypnowonoteitat yio v emkotvovia peta&d MCU kot TOpmodEKTn 6Tig
MEPUITAOGEI, TTOV  YPNOLULOTOIOVVTOL MG OLPOPETIKA PUOIKE OAOKANPOUEVO Kol Ol OTNV

viomoinon SoC.
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Minimal RF interface (MRFI): Eivaw n avaykaio katnyopio apyeiov KdSKo wov

VAOTOEL TNV POCIKT ETKOVOVID PLGIKOV ETUTESOL Y10 GAOVG TOVG GUUPOTOVG TOUTOOEKTES UE TIG
aVAAOYEC OPYIKOTOMGCELS TOV EWIKAOV KOTOY®PNTOV TOV TOUTOIEKTMOV. ZVYKEKPIUEVO Ol
ovvaptinoel; MRFI  déyovion o dedouéva amd oavotepa  emimedo  (emimedo  OKTOLOL)
evBulakdvovtdg ta pe TG KatdAAnies keeaAidec. ‘Etotl, dnuovpyovvror ta MRFI mhaicio
O€00UEVMV OTOV Ol AVTIGTOLYEG GUVAPTNOELS YPTCLLOTOLOVV TOV TOUTOIEKTN Y10, OTOGTOAN KO
Myn tovg. Emiong to MRFI givar veevbuvo yio v npocmtéracn pécsov (MAC) pe v pébodo
Clear Channel Assessment (CCA), eléyyovtog oniadr v S1o0eotudTTo TOL KAVIALOD Yo TV

EAOLY1GTOTOINOT) TV GLYKPOVGEMY Kol GUVALLE TNV LEYIGTOTOINOT TNG LETAGOONC TMV OEOOUEVMV.

Erinedo dixtdov (NWK):

To eminedo NWK evBvrakdvel tor ded0puéva TOL eMESOV £QPOPUOYNG Kol ToToDeTEl
NWK kepaiida yio vtootpiEn dapopetikdv cuvdéoemv. Eniong to enimedo NWK dwayepileton
Kot EAEYYEL po LV, TOTTOL 0VPAC yio o Aapfovoueva kat ekmepmopeva mhaiote NWK (frame
queue). Téhog drayelpiletan kan ypnowomotei 1o MRFI eninedo ya tnv mpomdOnon kot mapaiapn
NWK maxétov. 1o mhaicto tov emmédov NWK ypnoyomoteiton to medio port number mov
katalopPaver 1 byte amd v NWK kepoiida kot ypnoiponoteitor yioo tov Kobopiopd g
EQAPUOYNG. YTTAPYOLV UEPIKES EQAPUOYEG LE GLYKEKPIUEVA POrt NUMbErs yio amokAeloTIKY Yprion
and 1o eninedo NWK kot avtég sivat:

e Ping ue wopro (0x01): Xpnoonoleitar mg 1 LOVASIKY EQOPLOYT Y10, TV QViyVeELON

NG TOPOLGING UG GLOKELNG GE £ValL dTKTVO.

o Link ue mépra (0x02): Yrootnpilel tnv diayeipion ovvoeonc petald 2 cLOKELOV

e Join ue mopro (0x03): Xpnowomoteitan yio v OA0EN Kol TPOGTAGio EL6OO0V GE
éva otktvo pe AP

e Security ue wépra (0X04): XpnGIHOTOLEiTOL Y10 TNV AVTOAANYT TANPOPOPLOV CYETIKG.

HE TNV 0OOQAAEL TOL OIKTLOV OM®G OTNV OAAIYN TOV KOOK®OV (KAEWIDOV)

KPUTTOYPAPNONG KOl TOV KPLTTOYPOUPTLEVDV OEO0UEVOV.
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IHEIPAMATIKH E@CAPMOI'H

‘Exouv mepdoet 4 Odekoetieg OTOV TPOTOEUQOAVIOTNKE TO TPOTLUTO GEIPLOKNG
emuovoviag RS232 aAdd apketég oyedtdoels ouvexilovv va T0 EVEOUOTOVOLY OKOWO Kol LETE
v éhevon g USB ceplaxng texvoroyiag. [TapdAinia, pe tnv 6Ao Kot avéaviopevn 6140001 TV
acHPUATOV SIKTO®V a1sON TPV 0AAE KVPIS Yio TOV AOY0 OTL £xEl HEI®OET TO KOGTOS KOTAGKEVNG
Tovg, Waitepa otlg SOC TAATEOPLES, TPOEKLYE TO EPMOTNUO OV €ivol €PIKTA M XpNon g
acHpuatng texvoroyiag yio v petapopd RS232 dedopévav. ITo cvykekpuéva n xpnon evog
ACVPLOTOV OIKTLOV CLGONTNPWOV Yo TNV HETOPOPE GEPLIKDOV dedoUEVOVY. Opme ot acHpUOTES
EMKOIVOVIEG LETAPOPAS OedOUEVMV Elval TO10 emppenei o BOpLPo Kot TapepPorég Yiati To HEGO

LETAO00NG TOV XPNCLOTOLEITAL GE AVTEG £IvOL O AEPOS GTNV TEPITTOON LLOG.

o v gpappoyn ypnopomomdnkay 2 avortvélokd SmartRFO4EB pali pe 2
CC2430EM boards. Zmv Exkéva 7 tapovctaletat o avomtuélako Kot TEPLYpAoovTaL LEPIKES amd

TIG Ag1TovpYieg Tov.

Power connector Supply =selection
switch

g Connectors
: for evaluation
: =

module (EM)

DC jack

SoC
debugffiash
connector

LCD
SMA  fest

j connectors
-

usB
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INo mv avartoén g mepopatikng epapuoyng ypnoporomnke n SimpliciTl

éxdoomn 1.2 yia 8051 kon to TpoOYpoappa avarTuéng o€ Kot amoc@oipdtoong oe yhowooa C IAR
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embedded workbench 8051 éxkdoong 8.20.2 otnv dwpedv dokipaoTiky ékdoon tov 30nuepdv.
Eniong ypnowomombnke ko1 to C8051F020-DK avamtvélokd amd v Silicon Labs pe tov
C8051F020 pkpogleyktn| yio T TOPOY®YT CLUYKEKPIUEVMV GEIPLOKDV dedopévav Katd fovAinon

HEG® S1OKOTTN Kot TV EAEYYO TNG AYNG TOVGS LLE TOVS TAPOKAT® TPOTOVS GUVOECUOAOYIOG:

[Mpdtoc Tpdémog cuvdecsporoyiog (Al): n €€odog TX tov C8051F020 cuvoébnie oty
eloodo RX tov mpadtov xopPov (SmartRFO4EB avortu&iokd) yio v amostoAr] Towv ded0UEVDV
ka1 RX eloodog tov C8051F020 cuvdébnke oty ££0d0 TX ToL devTEPOL KOUPOL Yo TOV EAEYYO
TOV AOUPOVOUEVOV OEO0UEVOV HECH OCVPUOTNG emiKolvoviog. Me avuty ™ ocuvoecpoloyio
eEAEYYETOL M| ATOGTOAY dedOUEVMV TTPOS o KatevBvuvon and tov koépupo 1 mpdg otov 2 uévo. H

ovvoeoporoyia meptypapetor oty Ewéva 8

—7—

KOmMBOx2 |7 ~ KOMBO:z 1

UART TX 2.4GHz ISM UART RX

.5

- UART TX

J
UART RX I

'
ne

Eixovo. 8

Agbtepog TpOmO cvvdesporoyiag Bl: ov akideg TX ko RX tov CC8051F020
ovvoEdnKav evaAlié pe o Tpmto kouPo (SmartRFO4EB avantvéiakd) kot oto de0tEPO KOUPBO 01
axideg TX xar RX Bpoyvkukiodnkav. Me avtdv 10 1pOTO OA TaL AapPoavOopevo 000UEVO GTOV
devtepo KOUPo mov otédvovtor and Tov TpmTo KOUPo Ba otarBodv oty TX €£0do Tov GALG
ovolaotikd Oo Anebodv apéownc amd v RX gicodo (loopback) dote o devtepog kopPog va ta
oteidel Tiow oto TPpMOTO KOUPo. Me avt) T cvvoecuoroyia Ewkdva 9 eléyyeton n amocTtoAn
dedopévav dvo katevBoveewv (full duplex) amd tov kouPo 1 otov 2 kot amd 2 o€ 1 TowTdYPOVA

HETA amd TNV TPAOTN AW dedopEvav omd tov koufo 2.
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KOMBOZ 1
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UART TX UART RX
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Eixovo. 9

Emiong éywvoav Eavd ot mponyoOueveg TEPOUATIKES OOKIUEG OAAGL pE EAEYXO PONG MOTE Vo
OTOUOTAEL 1 OmMOCTOAN TV oelplakdv RS232 dedopévov and 1o C8051F02x-DK dote va
TPOOTATEVETAL 1 EMKOWV®VioL oo vrepyeilion dedopévov tov UART Buffers tov acHpuatov
KOuPov. Avtd emtvyydveton 6tav to Buffer tov kopfov eivan oyeddv yepato to RTS petofaiver
oe eminedo MARK. Mg avtdév tov tpdmo otapatdel Tpocmpvd 1 omoctoln-Anyn RS232
dedoUEVOV HEYPL VO OmMOGTAAODY T OgdopéEVaL avtd acvpuata. Eeocov n otdbun tov UART
Buffer tov xopupov ehottwbel apketd kat yiver pikpotepn omd pio tiun “threshold” tote o koufog
netafaivel o RTS og eninedo SPACE yia va cuveyicet n amostoAn-Aqyn RS232 dedopévov. Ot
ovvdeoporoyieg A2, B2 elvan mapopoteg pe tig mponyovpeves Al, Bl aAdd pe €leyyo pong

gvepyomomuévo (Lovig katevBuvong) kai tapovstaloviot otig ekdveg 10 ko 11 avriotoryo:

—L—
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UART TX 2.4GHz ISM UART RX
LI CT
- ¥ < * j
UART RX = - | UARTTX
| B ] "
. BE . e
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Q¢ 1eMKO 6TAS10 TG TEWPAUATIKAG EQOPLOYNS ypnotponomOnke évag Cisco Router cepa 2600
®ote va a&toloynBet n modtrta petapopdc twv RS232 dedopévov Paciopévn oe TpayloTikn

gpappoyn Xynpa 6

@) — ()

RS232 RS232

L

((—

Zytjpo. 6

InueldveTaL 0TL OAEG M SOKIUES Eyvay e TayDTNTO GEPLOKNG HeTddoong dedouévmv (baud rate)
9600bps.
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XYMIIEPAXMATA

Ot aocvppateg (eHEeIC AEITOVPYOVV IKOVOTIOINTIKG GE TPAYUOTIKEG GLVONKES AALA
VIAPYOVV  TPOPANUATO  YOUEVOV/OAAOIOUEVOV  OEOOUEVOV  OKOUOL KOl HE  UNYOVIGUOVG
emPePaioong ACKS. To mpdfinua sivor diaitepa ep@ovég otnv cuvoesporoyio TANPOG
AUPIOPOUNG CEIPLOKNG ETKOVOVIAG Ympig Eleyyo pons. Avtd cvuPaivel yiati ta Aappfoavopeva
oeplakd dedopéva mov amobnkevovioaw otnv uvAun Xdata (Buffering) meplopiopévng
yopntomrag £og 2,5Kbytes, vrepyelilovv ce cuveyduevn anoctoln-Anyn RS232 dedopévov
AMy® pn emapkovg amddoong e acvpuatns (evéng.. Eivon mpopavéc, 6tt n acOpuatn Levén
LETaQEPEL dedopévVa TPOC o katevBuvon kabe popd dnradn eivan Half duplex kot cvuverdyeton
ne KaBvoTtépnon HETAPOCNG TOL EVEOUATOUEVOD TOUTOOEKTY OTIS AELTOVPYIES EKTOUTNG-ANYNG
Gpa. Kot TEPLOPIGHO TG TOXVTNTOG ETKOWVOVIOG. LTO YPOPNUATA TOV TapdpTnuHatog (6eLida 63),
Topovotalovtol ol UEYIOTEG OMOOOCES TPUDV  SPOPETIKMOV  TEYVOLOYIDV  ACVPUOTOV

EMKOVOVIOV VTO 10avikéEG ovvOnkeg emtkovoviag (Yynid SNR & Signal Interference Ratio).

"Evag Baciog meploptopog katd T SEpKELN TV TEPOUATIKOV OKIUOV NTOV 1 1N
d1abeon €vog TPitov EVILAUEGOL KOUPOV KOt TV AEITOVPYIO CVTOV MG LOVILO SEKTN Yio TNV ANy
OA®V TV TOKETOV HeTald TV KOUPoV. Me avtdv 10 TpOTO Bo propovoay va ekTiunfodv mg Eva
Babuod, ta mpoPfAiuata amddoong g acvppotns Cevéng apov Bo umopovcav va aviyvevbohv
AovOoGUEVO TOKETOL KOl EMOVEKTOUTEG TOKETOV ovaioyo tov mepPdAiovioc Bopvfov —

TOPEUPOADY OTIG TEWPAUOTIKES EQAPLOYEG.

Mepkoi tpomot fertioong g acvppatng Levéng eiva:

e O ovyypoviouds tov 2 kOuPov aocvpuatng emkoveviog tomov “beacon” 6mov ot dVo
KOuPor avtosvyypoviloviar oto moTe B ekmépmovy Ko Bo AapBdvovv evaArdas yia vo
e€arelpBov o1 TepuTTOOELG OTTOV Kot o1 dvo KOUPol Tpoosmabodv va oteilovy acHpuata
dedopéva TNV 1010 YPOVIKN oTUyU).

e H ypnowonoinon aiyopupov (Handshaking) emhoyfc mpotepardtntog katévbnvong
LETOPEPOUEV®V dESOUEVOV avaroya Le Tig otdOuec buffer tov kopPov.

e H ypron teyvikng FHSS yia avénon g avoyng o 06pvfo — mopspuPforés.
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Abstract

The Bluetooth Low Energy (BLE) is one of the most recently developed protocols for short
range wireless communication that is predicted to find wide application in Wireless Sensor
Networks (WSNSs). In the paper, we present the results of the empirical measurements for
such parameters as the required resources, the maximum peer-to-peer throughput, the
minimum round trip time and the energy per packet and per byte consumption for the real-
life hardware and software stacks implementing three wireless communication protocols,
namely the BLE (Tl BLE protocols stack), the IEEE 802.15.4 (TIMAC stack) and the
company-proprietary protocol (SimpliciTl stack) from Texas Instruments. Based on the
presented measurement and made analysis’ results, we compare BLE with the existing
protocols and draw the conclusions about the feasibility and the most suitable application
scenarios of the current BLE implementations in WSN applications.

Keywords: Wireless Sensor Networks; WSN; WSAN; Bluetooth Low Energy; BLE; performance;
energy; efficiency; measurements; consumption; 802.15.4; ZigBee; TIMAC; SimpliciTlI

Introduction

During the recent years, the Wireless Sensor Networks (WSNSs) has attracted very serious attention
both from the academy and from the industry and have been named among the key technologies
for the future. Today, the WSNs are becoming the integral part of everyday life and help to solve
different tasks for the broadest range of applications operating at various environment conditions.
Nonetheless, the diversity of the WSN applications and the difference in their requirements prevent
the unification and standardization for the technologies and solutions used in the WSNS.

This is one of the major reasons why nowadays the broad range of the wireless communication
protocols for WSNs exist and why some more protocols are currently being developed. Bluetooth
Low-Energy (BLE) is one of the most recently developed protocols, which is aimed also for the
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WSN applications. It has been introduced as a part of IEEE 802.15.1 Bluetooth Core Specification
4.0in 2010 [1]. It has been predicted [2] that by the year 2015 BLE will dominate the WSN market.
Nonetheless, even today, i.e., two years after the finalization of the BLE specification and almost
one year after the appearance of the first commercial radio chips implementing the BLE, it is still
not really shown clearly whether the BLE protocol itself and the current hardware (HW) and
software (SW) implementations of the BLE are well feasible for WSN applications. Therefore, in
this paper, we present the results of the performance measurements for the BLE and compare those
with the results of IEEE 802.15.4 and a proprietary protocol based on Frequency Shift Keying
(FSK). The specifics and the main contribution of this research is that it composes the heuristic
analysis of the available protocols and of their features and the results of empirical measurements
for the real HW devices implementing the protocols discussed. Based on the measurement results,
we evaluate the suitability of BLE for the WSNs and define the most suitable application areas.
The paper is organized as follows. Section Il discusses the related work. Section 11l provides the
short overview of the most widely used WSN communication protocols and reveals the key details
of the tested protocols. Section IV describes the measurement procedure and presents the obtained
measurement results. Finally, Section VV summarizes the obtained results and provides the analysis
of the BLE application possibility for the WSN applications.
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Table I: Features of the most widely used communication protocols for the WSN applications *

Protocol  |Year! [Purpose Standardized (Commercial |Frequency [Modulation [Channel |Symbol [Max. |Channel |Network |Multi- Number
name layers* devices bands spreading |rate, packet |access  |topology |hoping |of nodes
method kbit/s |payload |method support

IEEE 2003 |(low-rate wireless|PHY, available 868/915 BPSK/ DSSS <250 |127 CSMA/ |P2P, star, |supported |n/a
802.15.4 personal area| DL(MAC) MHz, 2.4|0-QPSK bytes [CA mesh,

networks GHz hybrid
1SO 2004 |ultra low energy|PHY, DL unavailable® (433 MHz |FSK/ Not 27.78% (2498 slotted  |master- [limited [n/a
18000-7 wireless GFSK applicable bytes  |aloha slave support
(DASH7) communication
IEEE 1998 |wireless personal |All layers available 24GHz |GFSK FHSS 1000  [2745 FH- master- [limited |7 active
802.15.1 area network bits CDMA/ |slave support  |per
(Bluetooth) TDMA piconet
IEEE 1999 |wireless local-|PHY, DL |available 24GHz |DBPSK/ DSSS 11000/ [2304 CSMA/ |P2P, star, |supported [unlimited
802.11b/g area-networks  [(LLC + MAC) DQPSK 54000 |bytes |CA mesh,

hybrid

IEEE 2007 |wireless personal |PHY, under 250-750  |BPSK- TH-IR 27240 [1209 CSMA/C |P2P/star |supported |<65536
802.15.4a area  networks|DL(MAC) development |MHz, BPPM UuwB symbols |A or

with ranging 3-5 GHz, slotted

capability 6-10 GHz aloha
IEEE 2010 |low-power and|All layers available 24GHz |[GFSK FHSS 1000 23 bytes |FH- star not unlimited
802.15.1-4 low-latency short CDMA/ supported
(Bluetooth range  wireless TDMA
Low communication
Energy)
ISO/IEC ~ |2012 |wireless PHY, DL, |available 315/868 |ASK n/a? 125 not CSMA/ |P2P, star, |supported |>65536
14543-3-10 solutions  with|NWK MHz defined |CA mesh,
(EnOcean) ultra-low power hybrid

consumption and
energy
harvesting  for

building
automation
ITU G.9959|2012 |wireless PHY, available 868/915 FSK/ n/a? 100 158 CSMA/ |P2P, star,|source 232 per
(Z-Wave) communications [DL(MAC) MHz GFSK bytes |[CA mesh, routing  [network
protocol for hybrid
home automation
IEEE 2012 |wireless  body|PHY, unavailable |400/433 numerous®  |Several <15600 [255 CSMA/C | star limited |64
802.15.6 area networks  [DL(MAC) /868/915 options bytes  |A /slotted support  (
MHz, 24 aloha/ up to 2
GHz TDMA hops)
Proprietary [n/a®> |n/a® PHY, available 400/433  |mostly often:|Several usually [usually [CSMA/C |n/a? n/a? n/a?
protocols sometimes - /868/915 |ASK, FSK,|options <2000 |<255 A /slotted
DL(MAC) or MHz, 2.4|GFSK aloha/
NWK GHz TDMA
IEEE 2015° |sub 1 GHz sensor [PHY, - 868/915 Thd’ Thd” Thd” Thd’ Thd” Thd’ Thd’ Thd”
802.11ah and smart|DL(MAC) MHz
metering
network

* — year of initial specification release

2 Not applicable

8 — currently is under development, release is planned for 2015

4~ PHY - physical, DL — data-link, MAC — media access control, LLC - logical link control, NWK — network

5 — commercial radios compatible with DASH7 PHY are existing, but those do not include the appropriate DASH7 stack implementation
“—depending on the mode can be used: DBPSK, DQPSK, D8PSK, GMSK, OOK, CP-BFSK, DPSK, FM-UWB

1 Theotadtérsimmarizes the data obtained from [3-21]
— DASH7 Mode 2 (2009) supports the data rate of 250 kbit/s and packet payload of 249 bytes
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Related work

Although quite significant time had passed since the finalization of BLE specification, still there
are not so many published research works considering BLE. The existing works considering the
BLE can be divided into four major groups.

The first group includes the papers that suggest the novel methods for implementing some
hardware components of the BLE transceiver (e.g., the demodulator [22], [23]) or the transceiver
as a whole [24].

The papers in the second group focus on the process of design and provide valuable data concerning
the implementation of the end-devices that use the BLE for communication. The majority of the
currently available papers (e.g., [14], [25], [26]) introduce the BLE-based devices that target
various healthcare applications.

The authors of the papers in the third group use mathematical analysis and simulations to model
the BLE operation and estimate the required performance parameters. E.g., in [15] the authors
present the analytical model for BLE maximum throughput and investigate the influence of errors
and connection interval length on the maximum throughput. In [27] the authors introduce the
analytical model for 3-channel-based neighbor discovery for BLE and use it for defining the
performance metrics such as the average latency or the average energy consumption during the
procedure of neighbors discovering.

Finally, the last group of publication constitutes of the presentations of the empirical measurements
results for the real-life BLE HW and SW. Some of the data is provided by the BLE radio
manufacturers as application or design notes or white papers (e.g., [28]), while [29] represent the
only scientific research paper that suits this group we able to find. However, the major focus for
these papers is typically specifically the power consumption of BLE (see [28], [29]) while all the
other performance characteristics that are vital e.g., for estimating the suitability of BLE for
particular application, are usually left aside.

Communication protocols in WSNE.

Due to the reasons discussed in Section I, nowadays there are multiple communication protocols
that are used by the WSNs. To help understanding the specifics of BLE compared with the other
existing and incoming WSN protocols, Table | provides the short summary of the protocol features.
Due to the limited space, we will not discuss all these protocols in detail; instead we will focus on
the three protocols that were used during measurements, namely the IEEE 802.15.4, the proprietary
FSK-based protocols, and the BLE.

IEEE 802.15.4

The IEEE 802.15.4 [30] is the most widely used communication protocol and can be considered as
de-facto the standard for the WSNs [31], [32]. The IEEE 802.15.4 standard (we consider IEEE
802.15.4-2006, unless noted especially) defines the physical (PHY) and part (namely media access
control (MAC)) of the data-link (DL) layers for the widest range of wireless personal area networks
(WPANS) applications with mild throughput and latency requirements. The main features of the
standard are the low implementation complexity, low costs and low power consumption [32],
which caused the wide utilization of IEEE 802.15.4 especially for the networks with low traffic
and which include plenty of cheap nodes. In the recent years, several upper layers protocols, such
as ZigBee, RFACE, 6LowPAN, MiWi, WirelessHART and many vendor-specific ones, have been
developed based and above IEEE 802.15.4.

The PHY layer of IEEE 802.15.4 operates in three bands within unlicensed industrial, scientific
and medical (ISM) radio bands, namely 868.0-868.6 MHz (Europe), 902-928 MHz (North
America) and 2400-2483.5 MHz (worldwide) [30]. Based on the used frequency band, the protocol
dictates to use different modulation (BPSK, O-QPSK or ASK for 868/915 MHz bands and O-
QPSK for 2.4 GHz) and different spectrum spreading techniques (DSSS or PSSS for 868/915 MHz
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bands, DSSS - for 2.4 GHz). The structure of IEEE 802.15.4 PHY frame is revealed in Fig. 1a.
The frame consists of the synchronization header (SHR) for providing the bit and byte-wise
synchronization, PHY header (PHR) revealing the size of the whole packet and, if required, the
Protocol Data Unit (PDU).

The MAC sub-layer of IEEE 802.15.4 defines the access to the media, the format for different
frames and some other features (e.g., addressing and frame validation). The standard [33] includes
four possible types of frames with appropriate MAC formats: the beacon frame, the data frame,
the acknowledgement (ACK) frame and the MAC command frame. The MAC frames (see Fig. 1a)
consist of the MAC header (MHR) containing the information about the frame type and other data
regarding frame processing, the unique frame identifier (ID) and the data about frame source and
destination, the MAC data unit (MSDU) and the MAC footer with the check-sequence. The IEEE
802.15.4 defines two different operation modes with different channel access mechanisms: the
beacon enabled and non-beacon enabled. The former one assumes that the WPAN includes the
coordinator device that periodically transmits the beacon-packets that are used to define the
boundaries of the superframes. Generally, a superframe can include two major phases: the
contention-free period (CFP) where the time slots within CFP are booked for the transmission of
specific nodes and the contention-access period (CAP) during which the nodes compete (using
Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA)) to transmit the packet.
After the superframe the coordinator can define the inactive period, when no communication is
possible and the nodes can switch off the radio to save energy. In the non-beacon enabled mode
the nodes use the CSMA/CA to access the channel and transmit their packets whenever required
[32].
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Fig. 1 b. Data frame format for Texas Instrument’s SimpliciTlI
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Although the use of IEEE 802.15.4 provides some benefits for the WSNs, even now there are still
many examples of when the WSN applications are implemented using other communication
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protocols, quite often — the proprietary ones. The first and the most obvious reason for choosing
this approach are the scenarios when the IEEE 802.15.4 cannot provide required performance. The
good example for this scenario is the ANT protocol [34], [35] that uses Gaussian frequency-shift
keying (GFSK) modulation with the high over-the-air rate (1000 kbit/s). This combination allows
ANT to increase the data throughput (for the transmissions with a high duty cycle scenario) or the
lifetime (for the low duty cycle scenario) at a cost of reduced communication range compared with
the IEEE 802.15.4 [35]. The other reason for using the proprietary communication protocols can
be the compatibility with the systems and applications designed before the IEEE 802.15.4
development. Finally, many of the radio chips based on the proprietary protocols (especially the
ones utilizing FSK/GFSK or ASK modulation) have more simple structure and thus lower costs
and power consumption than the radios implementing IEEE 802.15.4 [36]. Nonetheless, the
drawback to this often is their lower communication range and higher error probability [37].

As the example of the proprietary protocol for this paper, we have chosen the open-source low-
power radio protocol from Texas Instruments (TI) called SimpliciTI [38]. SimpliciTl has been
developed by TI specifically for the wide range of their radio chips (both IEEE 802.15.4-
compatible and proprietary ones) to enable fast and the low-cost development of the low-power
wireless networking applications [38]. Like many other proprietary protocols, SimpliciTI lacks the
rigid specification and is provided as the software (SW) stack with examples and minimum
documentation required for SW development.

SimpliciTI do not define the PHY layer specifically - it is limited to the devices for which the stack
support has been developed (TI1 CC1100/2500 — 433/868/2400 MHz band radio supporting OOK,
FSK, GFSK, MSK; TI CC2420 — 2400 MHz band radio compatible with IEEE 802.15.4; and the
chips, originating from those). The nominal over-the-air data rate for SimpliciTl is 250 kbit/s
although it can be easily changed by the user as well as many other radio link settings. The structure
of the data frame used by SimpliciTI is very similar to the one of IEEE 802.15.4 as shown in Fig.
1b. The SimpliciTl frame begins with the sequence, which enables the bit- and byte-wise
synchronization, and which is followed by the byte that specifies the length of the frame. After the
frame length, the stack leaves space for some miscellaneous data (if required, e.g., for IEEE
802.15.4 radios can be inserted the frame control bytes [39][38]) and addresses of packet source
and destination. Note that SimpliciTI does not use separate address fields for each layer and the 4-
byte addresses are used by multiple layers [38]. The header for NWK and all upper layers in
SimpliciTI occupies only three bytes. The first one (Port & Flags) is used for defining the target
application and providing some information about the required payload processing (e.g., whether
the payload should be decrypted before processing). The remaining bytes provide some additional
data about sender and this packet (DEVICE ID) and the optional transaction ID (TRACT ID). The
size of application payload for SimpliciTIl ranges from 50 bytes (IEEE 802.15.4 non-compatible
radios) and up to 111 bytes (IEEE 802.15.4 compatible radios) [39]. Together with the format of
the NWK layer, SimpliciTIl defines the so-called “applications” that can be used to manage the
wireless network. The mandatory ones are: the Ping (detects the presence of a specific device), the
Link (link management of two peers) and the Mgm (general management port for managing the
device).

Bluetooth Low Energy (BLE)

At the beginning of the century the IEEE 802.15.1 (Bluetooth) standard became very popular for
the widest range of applications including, at some point, even the WSNs [40]. Nonetheless, the
basic Bluetooth had many drawbacks that limited its application in WSNs. The most serious among
those were: the utilized by Bluetooth communication model (master to slave), the limited number
of the devices in a single cluster of the network (7 per a piconet), relatively long time required for
a connection establishment (up to 33.28s), and low power efficiency [40], [41]. Those were the
major reasons that caused the development of the BLE that is aimed specifically for providing the
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very low cost and low energy consuming solution for short range low volume wireless data
transferring [13].

The PHY layer of BLE is somewhat similar to the one of the classical Bluetooth v1: the BLE also
operates in 2.4 GHz band and uses GFSK modulation (although the modulation index is increased
from 0.35 to 0.5) with 1MBit/s over-the-air data rate and frequency hopping for spectrum
spreading. Unlike the classical Bluetooth, which uses 79 1MHz-wide channels, the BLE uses 40
2-MHz wide channels (three of those that are located between Wireless LAN channels are used for
advertising and service discovery, while the remaining 37 are utilized for data transmission). This
solution is intended to reduce the connection establishment time and increase the power efficiency
for the connection establishment.

The packet format defined by BLE link layer (LL) is presented in Fig. 1c. As Fig. 1c reveal the
size of the packet and the maximum payload for BLE has been significantly reduced in comparison
with the classical Bluetooth (see Table I). Each BLE packet starts with 1 byte preamble (classical
Bluetooth utilizes 9-byte preamble), which is followed by the 4-byte access address — the random
value that is unique to each LL connection between any two devices

[40]. After the access address, the packet contains
the PDU, the format of which differs depending on the used channel, and the cyclic redundancy
check (CRC) sequence calculated over the PDU. For the advertising channels, the PDU includes
the 16-bit header with the data about the PDU type, some PDU specific information (TxAdd,
RxAdd), the PDU size and some fields reserved for future use (RFU). The data channel besides
the header and the payload the PDU can optionally contain the message integrity check (MIC) field
if the LL connection is encrypted. The header of the data-channel PDU includes the fields of the
logical link identifier (LLID), the next expected sequence number (NESN), the current sequence
number (SN), additional data (i.e., “more data” (MD)), the length of the payload, and some
reserved data.
The data exchange in BLE network can be implemented in two ways. The former one (see Fig. 2a)
enables the transferring of all the data on the advertising channels. In this scenario, at a start of the
advertising event the advertiser (i.e., the device that transmits advertising packets on the
advertising channels) transmits the advertising packet that contains also the data itself. The other
possible way for data transferring on the advertising channels is to send the request for required
data. In this case, after receiving a data request, the advertiser that has the required data can use
the same channel to send the required data back [42]. Note, that the channel, that is used for
advertising is changed on the next advertising packet sent by the advertiser in the same advertising
event [42]. This method can be used to send the data without the actual connection establishment
procedures. Besides, it enables to include and use very simple BLE devices in the network that
either only transmit or only receive the data.
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The second option for BLE communication is to establish pair-
wise duplex communication between two or more devices using data channels [42]. To form the
connection (see Fig. 2b), the connection initiator (i.e., the device that needs to form a connection
to another device) listens to advertising packets on the advertisement channels. Once detecting the
advertisement packet from the required device (i.e., advertiser), the initiator may send the
connection request over the same advertising channel. After that, if the advertiser receives and
accepts the request for a connection, both devices start the communication using frequency
hopping on the agreed data channels. During the data exchange, the initiator acts as the master unit
and advertiser — as the slave. The master device initiates each connection event

and can end the connection at any time [42].
Note that the BLE only supports the connection between a master and a slave — the physical links
between slaves are not supported. Moreover, in the current version of specification (sce [42]) the
slave device can be connected only to a single master device at a time and the role changes between
a master and slave device are also prohibited.
The PHY and LL layers discussed above are the required components for each BLE controller
device (i.e., the actual hardware device), nonetheless to comply the BLE specification the
application should also use the required BLE host features (i.e., the specified upper layers that are
implemented either by HW or by SW). According to [43] those include (see Fig. 3): L2ZCAP,GAP,
ATT, GATT and SM. The logical link control and adaptation protocol (L2CAP) defines the
procedures for higher level multiplexing, packet segmentation, and the conveying of quality of
service (QoS) information.

The security manager (SM) handles the
management of pairing, authentication, bounding, and encryption for BLE communication. The
attribute protocol (ATT) specifies the mechanisms for discovering, reading, and writing attributes
on a peer device and the generic attribute profile (GATT) provides the framework for discovering
services, and for reading and writing characteristic values on a peer device.
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Fig. 4 Hardware modules used for the tests: front

row —extension radio boards (from left to right)

CC2540 (BLE), CC2430 (IEEE 802.15.4) and

CC2510 (FSK/SimpliciTl), back row - the
battery extender (left) and the SmartRF04
development (right) boards

Parameter Device

CC2510 CC2431 CC2540

Device type system-on-chip | system-on-chip system-on-chip
(radio + 8051 | (radio + 8051 | (radio + 8051
microcontroller) | microcontroller) microcontroller)

Microcontroller Clock: 26 MHz Clock: 32 MHz Clock: 32 MHz

specification Flash: 32 kB Flash: 128 kB Flash:256 kB
RAM: 4 kB RAM: 8 kB RAM:8 kB

Radio protocol & | SimpliciTl IEEE 802.15.4 BLE

stack (SimpliciTI) (TI-MAC) (T BLE Stack)

Frequency band 2.4 GHz 2.4 GHz 2.4 GHz

Modulation MSK 0O-QPSK GFSK

Spectrum spreading | None DSSS FHSS

Over-the-air  data | 250/500 250 1000

rate, kbit/s

TX power range, | -55...1 -25.2...0.6 -20...4

dBm

RX sensitivity, dBm | -90 (@250 | -92 -87 (standard
kbit/s) mode)

Supply voltage, V 2-3.6 2-3.6 2-3.6

Sleep mode current | 0.5 0.5 0.9

consumption, pA

Price (normalized) 0.358 1 0.341

Measurement methodology and results

Test bed and measurement methodology.

To compare the performance of the protocols discussed in Section Il in the real-life environment,
we have used the CC2430, CC2510 and CC2540-based extension boards with SmartRF04
development boards from Texas Instruments (T1) (see Fig. 4). The main parameters of these radios
are presented in Table 2. Our main targets in this study were:
e to define the maximum achievable application layer data rate for simplex single hop peer-
to-peer (P2P) connection (SHP2PC) using the existing HW and SW;
e to compare the throughput of the protocols for simplex SHP2PC while using the packets of

the same payload,

e to define and measure the minimum round trip time (RTT)? for SHP2PC;
e to compare the power consumed by the chips during communication;

2 We have defined the minimum RTT as the period of time between the issue of the command to send the request data
at the application layer and the reception of the response data at application layer on the same node, assuming that the
node to which the request was sent does its best to response as fast as possible.
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1-The payload of the specified size has been encapsulated both into the request and response packet.

e to compare the resources required for implementing the protocols.

During the tests, we have used SimpliciTl (version 1.2), TIMAC (version 1.0.1) and Tl BLE
(version 1.2.1) software stacks running on CC2510, CC2430 and CC2540 systems-on-chip (SoCs),
respectively. Based on those stacks, we have developed the application code implementing the
required measurement functionalities. The test data was injected by the developed application
layers directly to the MAC layers implemented by SimpliciTl and TIMAC and to the GATT or
GAP layers for BLE stack.

The measurements for the throughput and RTT were conducted in the laboratory environment
using for SimpliciTl and 802.15.4 radios the channel with minimum interferences (the absence of
interferences from other systems has been confirmed prior to the measurements). The
measurements were executed with the transmitter board placed at a distance of around one meter
from the receiver. This ensured that the strength of the radio signal for the receiver board was well
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above the radio’s sensitivity level (typically received signal strength indicator (RSSI) was well
above -40 dBm) and enabled the test to have minimal packet losses (the packer error rate (PER)
probability through the measurements was below 0.5%). Therefore, the data obtained from these
measurements illustrate the best-case scenario. For decreasing the influence of the possible
fluctuations, the throughput measurements have been executed for the sequence of 60,000 data
packets and the RTT — with at least 1,000 packets sent forth and back (the time for connection re-
establishing in the case of a packet loss is excluded from the resulting RTT).

For measuring the power consumption, we have used the current-shunt method (e.g., [44-46]). The
expected maximum error for the conducted measurements is estimated to be below 3 mW. The
power consumption measurements were executed for the radios supplied from the laboratory
power source with the stabilized supply voltage of 3 V. During the power consumption
measurements, all the peripherals on the test-boards were also switched off — the only active
components on the board were the radio and the microcontroller core.

Measurement results

As Table Il reveals, all the hardware modules used in our test measurements have the same
microcontroller core, which is based on the widespread 8051 microcontroller. This allowed us to
have fair enough comparison for the complexity of the protocols by estimating the resources
required for their implementation (see Table I1l). Note, that all the application programs used for
comparing the resources had similar functionality and were compiled by the same version of
integrated development environment (IDE) software with identical optimization settings. As
possible to see from the presented results, the BLE stack required almost four times more program
memory than TIMAC and more than seven times more resources than SimpliciTIl. Although not
all the resources have been consumed for the stacks directly (e.g., TIMAC and BLE stacks
implemented on top of OSAL operation system (OS), while SimpliciTI does not use any OS), we
are sure that the presented data can indicate the magnitude and give the order of the complexity of
the tested protocols.
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Table 111: Resource requirements for the stacks

Stack
Resource SimpliciTI Ti-MAC BLE(Master) BLE(Slave)
Program memory, Bytes 16 024 36573 137719 117 050
Data memory", Bytes 3567 5438 12 750 10676
! — cumulative for data in RAM and in Flash

Stack Required time, ms | Consumed energy, nJ | Energy efficiency, pJ/byte
Transmission of a single packet with 19-byte user payload:
SimpliciTl, 250 kbit/s, CCA 2.46 165 8.7
SimpliciTl, 250 kbit/s, no CCA 2.21 148 7.8
SimpliciTl, 500 kbit/s, CCA 1.76 105 5.5
SimpliciTl, 500 kbit/s, no CCA 1.60 96 5.1
TIMAC, no ACK 1.74 135 7.1
BLE, GAP advertise® 0.88 a7 2.5
BLE, GATT read? 0.83 45 2.4

Transmission of data in a single packet with other payloads:

SimpliciTl, 50 bytes, 250 kbit/s, CCA 3.5 246 49
SimpliciTl, 50 bytes, 250 kbit/s, no CCA 3.16 227 4.5
SimpliciTl, 50 bytes, 500 kbit/s, CCA 2.23 148 3.0
SimpliciTl, 50 bytes, 500 kbit/s, no CCA 2.09 141 2.8
TIMAC, 102 bytes, no ACK 4.52 367 3.5
TIMAC, 102 bytes, ACK 5.17 419 4.0
BLE, GAP advertise! 26bytes 0.88 63 2.4

1 — The energy consumption for checking the channel for possible connection request after advertisement is accounted (see Fig. 6a)
2_ The data are sent after the reception of request. The energy consumption for request reception is accounted (see, e.g., Fig. 6a)

The performance test results of the different protocols are presented in Figs. 5a and 5b. As Fig 5a
shows the maximum SHP2PC application layer data rate obtained for tested BLE radio and stack
was around 37 kbit/s. This data rate was achieved while setting the BLE connection event

in the stack to 12.5 ms with four data packets with maximum payload (maximum user payload
while using GATT and TI BLE stack is 19 bytes) transmitted within each connection event (in
reality — quite often instead of four only three packets were sent and the length of the connection
event was slightly bigger). Note that the BLE DL layer of the receiving node automatically
acknowledged each received packet. Nonetheless, we assume that the major reason for such poor
throughput result for BLE radios was not the features of the protocol itself, but the implementation
limitations to the T1 BLE stack. At the current point, the TI BLE stack artificially limits the
maximum amount of data transmitted within a single connection event to 80 bytes, or 4 full-size
packets, which had dramatically reduced the maximum achievable SHP2PC throughput. As
possible to expect based on the results presented in Figs. 5b and 6a, without this limitation, the
maximum SHP2PC data rate for BLE radios could reach 200 kbit/s (packet with 19 bytes of
payload transmitted every 0.7-0.8 ms)
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A slightly lower data rate (about 10 kbit/s) we have obtained with BLE while encapsulating
application data directly into the advertisement packets (maximum user-defined data equal to 25
bytes were encapsulated into advertisements transmitted every 20 ms (minimum period according
to [1])). Nonetheless, empirically has been proved that the current versions of HW and SW are
actually capable of sending the advertisements with the period of 6.8 ms which could allow to get
the total application data rate of around 28 kbit/s. The advantage of this method is that the data are
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transmitted on the advertisement channel and therefore can be received by multiple devices without
any connection establishment procedure, the drawbacks to it are: the impossibility of using the
acknowledgements; complexity of using security techniques and the possibility of obstructions for
other BLE devices due to very limited advertisement channels’ bandwidths. As possible to see
from Fig. 53, the data rate obtained using BLE with four packets per event is very close to the data
rate for TIMAC radio operating in beacon-disabled mode with automatic hardware
acknowledgements (ACKSs). Although the over-the-air data rate for CC2430 radios is four times
lower than for BLE, these radios can support much longer payload packets and do not require up-
keeping the synchronization. This allowed obtaining the maximum SHP2PC data rate for CC2430
of 124 kbit/s with ACKs and 114 kbit/s without ACKs. Using CC2510 radio with SimpliciTI stack
we managed to obtain the maximum application-layer data rate of 117 kbit/s and 172 kbit/s (50
bytes payload, CCA disabled) for 250 kbit/s and 500 kbit/s over-the-air data rate, respectively.
Nonetheless, unlike CC2540 and CC2430, CC2510 has no support for hardware packet
acknowledgement. This will result in the significant reduction of the total throughput if the
acknowledgement mechanism will be implemented at the application layer (see Fig. 5b).

As Fig. 5b reveals the RTT for BLE radios (once the connection is established and if both
transmissions are executed within the same connection event) appeared to be significantly lower
than for the other radios. Note, that the measurements for RTT for BLE were done using two GATT
write packets: firstly the master device was writing some value to attribute table of the slave, then
Vise versa.

The results illustrating the power consumption of the different radios are presented in Figs. 6a and
6b and Table IV. The Fig. 6a showing the power consumption profiles for the tested protocols and
radios during 19-byte packet transmission reveals that BLE radios required much less time and
energy for the actual data transmission than the other protocols. The major reasons for that are the
high over-the-air data rate used by BLE, the absence of CCA before packet transmission, and low
overhead. Nonetheless, Fig. 6a depicts that in both tested scenarios the BLE also spent some time
in receive: to catch the GATT request over the data channels or to check for incoming connection
request while using advertisement channels. As revealed in Table IV, which summarizes the power
consumption for data transmission for the protocols discussed while transferring the same amount
of data (i.e., 19 bytes), the BLE radios required two to three times less energy compared with the
other tested protocols. This result corresponds quite well to the results presented in [29]. When the
energy consumption of the BLE is compared with the other protocols using higher packet payloads
(see Table IV) we note that even in that case the amount of energy required for transferring the
data with BLE is lower. An interesting conclusion can be drawn from Fig. 6b that reveals the effect
of the radio transmit power level on the total power consumption of the device during the
transmission period: although the BLE consumed less power than the other radios for sending the
data at power level of 0dBm, for sending the signal at power level of -6 dBm and below BLE
required more power than other tested radios. This allows us to expect that for the transmit signal
power level below -20 dBm the energy efficiency of the BLE radio will be comparable at least
with the SimpliciTI radios using maximum payload (see Table 1V and Fig. 6b).

Discussion and conclusions



58

The Bluetooth Low Energy (BLE) is relatively new protocol and this study is among the first
publications that contribute providing the results for the performance and power consumption
measurement achievable using the real-life hardware radios and software stacks. The results of the
measurements for BLE have been compared with those of two other protocols: the TIMAC
implementing the IEEE 802.15.4, which can be considered as the de-facto standard for WSNs
nowadays and SimpliciTl — the proprietary and very simple protocol developed by Texas
Instruments. We would like to note, the presented results are intended to reveal some main features
of the tested radios, for the developed test programs based on the currently available protocol stack
releases, instead of representing the ultimate performance and power consumption values for the
stacks.

The presented results reveal that the BLE radios had significantly lower energy consumption than
the other tested radios and protocols, which is due to the higher over-the-air data rate and absence
of carrier sense mechanism of BLE. Besides, the same features discussed above allow BLE to
support very low RTT — the receiver radio was capable of receiving the request, processing it, and
sending the response packet back within less than 1 ms. Nonetheless, the implementation
limitations in the used version of the BLE software stack dramatically reduced the maximum
achievable data rate on data channel and made it much lower than the one available for IEEE
802.15.4 or SimpliciTI radios. The maximum data rate obtained on the advertisement channels was
several times lower than the data rate on the data channels.

Another restriction of application areas, which we expect for BLE, is its lower maximum
communication range compared with the other protocols. It is well known (as shown e.g., in Fig.
10.1in [47] or in Fig. 7.11 in [48]), that the radio with FSK modulation has to use higher transmit
power to get the same probability of error as the PSK radio. Besides, the use of higher over-the-air
data rate typically reduces the sensitivity of the receiver (see Table Il). Those two factors will cause
the BLE radios to have the lower maximum communication range than the other protocols for the
same transmission power value. Partially, this can be solved by using the higher level of the
transmit power, as, e.g., the tested BLE radios are capable of transmitting the signal at power level
of 4 dBm, while the radios implementing other protocols can give only 1 dBm at the best.
Nonetheless, this approach obviously causes the increase in the power consumption for the
transmitter node and might be impossible in some regions due to radio spectrum usage regulations.
Another very serious limitation of the BLE protocol especially for the WSN applications is the
networking topology restrictions which require each slave to be connected only to one master node
at a time and allow only single-hop connections between master and slave nodes.

Nonetheless, BLE has two very important advantages: the interoperability and the low cost. Indeed,
to obtain the data from a WSN nowadays the user has to use the external hardware radio module
attached to his smartphone or personal computer. Meanwhile, the first smart phones encapsulating
the dual mode Bluetooth (standard Bluetooth + BLE) radio chip have already appeared on the
market. In future this will enable to significantly simplify and generalize the process of establishing
the connection between the BLE sensors or actuators and the user devices and will boost for many
new applications, including the WSN ones. Besides, as has been shown in the paper, out of all
tested radios the BLE ones have the lowest cost (which is quite surprising as the microcontroller
core of the BLE radio required much more resources for implementing the stack than are available
on other radios).

Therefore, we assume that BLE can find the wide application area in WSNs although the estimation
of BLE dominating the market by 2015 expected by authors in [2] is hardly be fulfilled. Based on
the presented results, we expect that the major application area for BLE at least in the nearest years
IS going to be the energy efficient human-oriented applications with single-hop topology. Those
can include: health and fitness; entertainment; smart home; personal security and proximity
detection; data and location advertisement. Meanwhile, we suppose that for the non-human
oriented applications, for professional application and for the applications requiring high coverage
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area (e.g., the wildlife, nature and environment monitoring, industrial monitoring and control,
building and process automation and security, logistics) will still be widely used the other
communication protocols and standards such as IEEE 802.15.4.
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ITAPAPTHMA 2

2T1C ToPOKATO GEAIDEG TOPOVSIALETOL O TTNYOHOG KOJIKAG OV ovamtHyOnke 6To
C8051F020-DK avomtu&iaxd kot ypnoILonomdike g yeVVTPLLL TPOKAOOPICUEVOV GEIPLOKDV
dedopévmv katd BovAnon and tov ypnotn pe push button.

#include <ioC8051f020.h>
#include <stdio.h>
#include <intrinsics.h>
#include <stdbool.h>
#include <pgmspace.h>

// SFR declarations

#define nop() (__no_operation())

/1
// Global CONSTANTS

/1

#define BAUDRATE 9600 //38400 // Baud rate of UART in bps

#define SYSCLK 22118400
//#define INT_DEC 256

#define HW_RTS  P4_bit.P40
#define HW_CTS  P4_bit.P41

#define SW_CTS  PO_bit.P02
#define LED P1_bit.P16
#define SW1 P3_bit.P37
#define ESO IE_bit.ES

#define EA |IE_bit.EA
#define TR1 TCON_bit.TR1

#define TIO SCON_bit.TI
#define RI0 SCON_bit.RI

/*

1. before transmission, assert RTS

// SYSCLK frequency in Hz
// integrate and decimate ratio

// Ready to Send bit
// Clear to Send bit

//CTS soft implementation
// LED="1' means ON
// SW1='0' means switch pressed

// enable uart0 interrupt

// Global Enable ISRs

// TXO ISR flag
// RXO ISR flag

2. wait for CTS to be asserted by the other device

3. when CTS is asserted, start transmission

4. when finished transmitting, de-assert RTS

*/

typedef unsigned int uint16_t;

typedef unsigned char uint8_t;
typedef unsigned long uint32_t;

/l




// Function PROTOTYPES
//

void SYSCLK_Init (void);

void PORT _Init (void);

void UARTO_Init (void);

__interrupt void UARTO_RX_ISR (void);

/1
// Global VARIABLES

/1

__data uintl6_t TXdata_c;
__data uint16_t RXdata_c;

//__data uint8_t chsmtable[10]={'0",'1",'2",'3",'4",'5",'6','7",'8",'9'};
__data uint8_t TX char='0";

__no_init __bit bool swl_press_show_b;
__no_init __ bit bool swl_debunce_b;
__no_init __ bit bool TX_stop_b;
__no_init __ bit bool no_delay_b;

//
// MAIN Routine

/1

static void putc2serial (register uint8_t x)

{

//EA = false;
SBUFO = x;
//TI0=0;
// EA = true;
TXdata_c++;
while(ITIO0);
TIO = 0;

}

void main (void)

{

WDTCN = Oxde; // disable watchdog timer

WDTCN = Oxad;

SYSCLK_Init(); // initialize oscillator

PORT _Init(); // initialize crossbar and GPIO
UARTO_Init(); // initialize UARTO

TIO = false; // no isr used

LED = false;

TX_stop_b = false;

ESO=1; // Enable serial0 ISR

no_delay_b = false;
swl _press_show_b = true;
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swl_debunce_b =true;
EA=1; // Enable global interrupts

uintl6_t x=0;
uintl6_t y=0;

while(1)
{

if(ISw1)
{

if(swl_debunce_b == true)

{

for(uint16_t t=0; t<20000; t++)
nop();

swl _debunce_b = false;

}

#ifdef TX_FLOW_CONTROL
while(SW_CTS == true); //wait the receiver to be ready (Soft TX Flow Control)
#endif
if(TX_char>'8")
{
if(swl_press_show_b==true)
{
putc2serial('*');
swl press_show_ b =false;
}
else
{
putc2serial('');
TX_char='0";
}
}
else
{
if(swl_press_show_b==true)
{
putc2serial('*');
swl_press_show_b = false;
}
else
{
putc2serial(++TX_char); // code for transmit
}
}

else



{

if(swl_press_show_b == false)
{
putc2serial('S');

for(uint32_t x=0; x<200000; x++)
nop();

x=TXdata_gc;

y=RXdata_g;

TXdata_c =0;

RXdata_c =0;
}

swl _debunce_b = true;
swl press_show_b =true;

if( x 1=0 && y !=0)

{
if(x==vy)
LED =1;
else
LED = 0;
}
else
{
LED = 0;
}
}
}
}//main
//
// Initialization Subroutines
//
//
// SYSCLK_Init
//
//

// This routine initializes the system clock to use an 22.1184MHz crystal
// as its clock source.

//
void SYSCLK_Init (void)
{
uintle_ti; // delay counter
OSCXCN = 0x67; // start external oscillator with

// 22.1184MHz crystal
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for (i=0; i<1000; i++); // XTLVLD blanking interval (>1ms)
while (!(OSCXCN & 0x80)); // Wait for crystal osc. to settle
OSCICN = 0x88; // select external oscillator as SYSCLK
// source and enable missing clock
// detector

}

//

// PORT _Init

//

/]

// Configure the Crossbar and GPIO ports

//

void PORT _Init (void)

{
XBRO = 0x04; // Enable UARTO
XBR1 =0x00;
XBR2 =0x40; // Enable crossbar and weak pull-ups
POMDOUT |= 0x01; // enable TXO0 as a push-pull output
P1MDOUT |= 0x40; // enable P1.6 (LED) as push-pull output

}

//

// UARTO_Init

//

//

// Configure the UARTO using Timer1, for <baudrate> and 8-N-1.

//
void UARTO_Init (void)

{
SCON = 0x50; // SCONO: mode 1, 8-bit UART, enable RX
TMOD =0x20; // TMOD: timer 1, mode 2, 8-bit reload
TH1 =-(SYSCLK/BAUDRATE/16); // set Timerl reload value for baudrate
TR1 =1; // start Timerl
CKCON |=0x10; // Timerl uses SYSCLK as time base
PCON |=0x80; // SMODOO0 = 1
TIO =1; // Indicate TXO ready

}

#pragma vector=0x23 // interrupt 4
__interrupt void UARTO_RX_ISR (void)
{

if(RIO == true)
{
RIO = 0;
RXdata_c++;
}
}
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