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NEPINHWH

H tnAepétpnon anotelel onfpepa plo avaykaia Stadikacio culoyng dedopuévwy KabBwg Exet
UeyaAn epappoyn yla cucTAOTO, TTIOU BplokovTol £iTe 08 AMOUOKPUCUEVEG TIEPLOXES, ElTE
SuoPateg, eite péoa oto vepd akopn kol ot padlevepyéG TePLOXEC. EKTOC, TG
ETUKLVEUVOTNTAG KAl TNG SUoBATOTNTOC, Ol OLKOVOULKOL TTOPAYOVTEG KOl 0 XPOVOC CHUEPA
kaBopilouv TNV TNAEUETPNON WC BACIKO TPOTIO GUAAOYNC TwV SeS0UEVWY, KOBWC TTaPEXEL TN
SuvaTotnNTa eyKATAOTOONG €VOG amAOU, OLKOVOWLKOU Kol aflOmoToU OUOTHUOTOG OF
TIEPLOXEC OTou N Snuloupyia epyaotnpiwy, n amacxoAnon avBpwrivou Suvapikol Kal N
ouMhoyn 6ebopévwy ava maoa otypn Ba amotehovoe xpovoPdpa kat akplpn dtadikaaoia.

Eva olotnpa Tou TapEXEL UETPNAOEL palag He tn Swadkaocia tng TthAEuéTpnong
avantuxbnke otnv mapoloa gpyacia. H TNAEUETPNON MPAYLATWVETAL HECW TNG UTINPECLOC
SMS Kkal tng XpAoNG tNG KWNTAG ThAedwviag. IUYKEKPLUEVA, avamTuxOnke éva clotnua
amoteAoUpevo amnod alodntipeg uylong, pikpoeAeykt PIC kal povada GSM pe kapta SIM,
wWoTe va anootéAAovral ta Sedopéva.

H napouoa epyaocia €xel xwpLloTel o€ TEVTe Kepahala:

Y10 MpwTo KedAAalo opileTal 0 okomaog, N LEBoSog ulomoinong tng epyaciag kal Sivovtal
Baoikeg mMAnpodopieg NAEKTPOVIKWY OTOLXELWV.

210 6eUTepo KeDAAALO TTOPOUCLATETAL N APXLTEKTOVLKN KOL O OXESLALOUOG TOU CUCTHLATOG.
210 Tpito KEDAAQLO MapousLaleTal N mepapatikn dldtan kal ol edapuoyEg uAomoinong.
210 Tétapto kKedpaAalo divovtal oL HETPHOELS Kat YiveTal n avdAuaon Toug.

T£Aog, 0To MEUTTO KEPAAALO avoPEPOVTAL TA CUUMEPACUATO KOL LEPLKEC TIPOTACELG YL TV
BeAtiwon Tou cuoTHUATOG.

NEEeLg KAebLd

AwoBntipeg Abvapung, Zoywon, Mikpogheyktic PIC, TnAspétpnon, GSM



ABSTART

Telemetry is now a necessary data acquisition process and has great application for systems
that are located either in remote areas or in inaccessible or in the water even in areas of
radioactivity. Apart from hazardous/dangerous environments and lack of access, today,
economic and time-demanding factors define telemetry as a key way of obtaining important
data, as it enables the installation of a simple, economic and reliable system in areas where
the creation of laboratories, human resources employment and data acquisition stations at
any time would be a time consuming and expensive procedure.

A system that provides mass measurements with the process of telemetry was developed in
this work. The telemetry is realized via the SMS service and the use of mobile telephony.
More particularly, a system was developed, which consists of weighing sensors, PIC
microcontroller and GSM module with SIM card, to be sent the data.

The thesis is divided in five chapters:

In the first chapter, the aim and the method of implementation of the work are defined
and information of basic electronic components is given.

In the second chapter the architecture and the design of the system is presented.

The third chapter contains the experimental setup and the applications used for
implementation.

In the fourth chapter, the testing results and the relevant analysis is explained.

Finally, conclusions and some suggestions to improve the system can be found in the last
chapter.

Key words

Force Sensors, Weighing, PIC Microcontroller, Telemetry, GSM



EYXAPIZTIEZ

Oa nbsAa va ekppdow TG BEPUEC EUXAPLOTIEG poU oTov eTIPAEMOVTA KABNyNntr HOU K.
Euayyeho EvayygAlou yla tTnv kaBodrnynaon, TI¢ UMOSEIEELG, TNV TEPACTLA UTIOOTHPLEN KOl TOV
XPOVO, TIOU oU adLEPWOE.

Eniong, euxoplotw tov KabBnynt Mavaywtn Kwotoapdkn kot tov Aéktopa Baoilelo
XpLoTodAAKN, YLa TNV CUKKETOXN TOUG OTN TPLUEAN ETULTPOT KOOWE KOL yLa TNV CNUOVTLKA
BonBela toug Katd TNV SLApKel TOU oxedlaopol Kal TG uAomoinong tng SUTAWUATIKAG
gpyaoiog.

Euxoplotw tov HAektpovikd K. lewpylo MmaAvtoOpo ylwo thv ouvexry Bonbeiwa, tnv
kaBodnynaon Kkat ¢ cUBOUAEG Tou, KaBwg katl Tov Ap. Fewpylo TAton yla TG umodeifelg
Tou.

Qepud guxaplotw tov Metamtuytakd dotnty AplototéAn Mmouon yla Thv mapoxwpenaon
Tou mpoypappatioth PICk it 3 katl tov Ap. |. AvSpouAldakn yla thv kaBodrynon tou oto
TPOYPOUUATIONS Tou GSM module.

Oa Beha, aKoun, va euXAPLOTHOW PETA amod TNV Kapdild pou oAa ta pEAN Tou Epyactnpiou
HAekTpovikWV Edapuoywv Kat TNAETIKOWVWVLWY, TIOU TOUG Bewpw €KTOG amo cuvadEAdoug
Kot kKaAoUg ¢ilouc, yla TNV CUMMAPACTACH KAl TNV UTtOoTNPLEN TOUG.

TéAog, Oa RBgha va ekdpAdow TNV Ayarmn Lo yla Toug yovei¢ pou , HAla kot Mapiva, kat tov
0depdd pou, XproTo, yLa TV aviSLoTteAr UTTOOTAPLEN, CUUTIAPACTOON KAL TILOTN TTPO¢ EUEVAL.
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1.EIZAT'QIr'd

1.1. XKOIIOX

To avTlkelpevo NG SUMAWUATIKAG gpyaciog eival n HeAETN, n oxedlacon Kol N KATOOKEUN
€VOC nAektpovikol cuotnpatog {Uylong, To omoio Ba mapéxel tn SuvATOTNTO OTOCTOANG
Twv debopévwy, HEow TN uTtnpeoiog Short Message Service (SMS), atov xpriotn SUo popég
™V nUépa. OL amaLTOELS TOU CUCTAHATOC, AOUTOV, avAyovToL OTLC €€NG:

= AmnoOKTnon avaAoylkoU orUatog ETPNonG LAalag LEow aoBnThpwv

= Evioyuon tou onpatog

=  Wndlomoinon kal emefepyacia Tou oHUATOC

= Kowomoinon pétpnong palog pe xprnon tou npwtokoAou Global System for Mobile
communications (GSM)

1.2.ME®OAOX YAOIIOIHXHX

H diataén, mou mpOKeLTaLl val oxedLOOTEL, TIPEMEL vau KOAUTITEL TIG TTAPATTAVW OTOLTAHOELG.
Ma to Adyo auto n Stadikaoio uhomoinong tng dataéng xwpiletal os t€oogpa otadla.

JTO TIPWTO OTASLO GUAAEYETAL TO AVAAOYLIKO CRUA TNG HETPOUMEVNG Halag, HE TN Xpnon
awodnThpwv.

To 6eltepo OTASLO €VIOXUEL TO QVOAOYIKO ONAUA, XPNOLUOTIOLWVTOS £€va cUOTNUA
EVIOXUTWV.
10 Ttpito OTASI0 TO avaloylkd onupa yivetat Pndlakd kal enefepyaletal, wote va
umtoAoyloTel n petpolpevn pala. H dadikaoia auth mpayupatomnoleital anod tnv Babuida
TOU HIKPOEAEYKTH.

To teheutaio otadlo mpaypatomnolel tn petadoon tng pétpnong. Eival éva oAokAnpwuévo
cuoTnua TPocBaong oto SIKTUO KVNTHG, TO OTOLO EVEPYOTOLEITAL Kol EAEYXETAL ULE EVTOAEC
oo TOV ULKPOEAEYKTH).

force sensors AMP MCU GSM

Ixnua 1. Ztadia YAornoinong Aourg
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Jto IxAual. anetkovidovral ta otddla uAomoinong tTng SoUNG. AVAAUTIKOTEPQ OTO TTPWTO
otadlo avikel n Slatagn twv aedntpwv duvaung (force sensors), MOU LETATPEMOUV TN
Suvapn tng palog oe NAEKTPKO onua. Xto SeUTEPO OTASLIO AVAKEL O TEAEOTLIKOG EVIOXUTNG
TIOU €EVIOXUEL TO avaAOylKO onua. To EVIOXUMEVO avaloylko onpa odnyeital oto Tpito
otadlo, mMou amoteAeital amd Tov MKpoeAeykt. O pKpoeAeyktng Ynodlomolel kot
enefepydleTal To OAUA WOTE va UTOAOYLOTEL N petpoluevn pala. EmmpooBétwg, oTtéAvel
EVIOAEG PECW OELPLOKNAC ETLKOWVWVIACG otnv Babuida Tou tétaptou otadiou. XTo TETAPTO
otadlo avnkel n Babuida npdoPaocng oto diktuo Kvntrg thAsdpwviag, n omoia AapBdavel To
TAKETO TNC TTANpodopiag and tnv tpitn Babuida kol To Kolwomolel PEow TNG UTNPEesiog
SMS.

1.3. OEQPHTIKO YIIOBA®PO

1.3.1. XTAOEPOIIOIHTHX TAXHX

OL otaBepomolntég TACELG £ival Ta TLO BACIKA KAl omopaitnTo oTolXela TwV KUKAWUATWY
onuepa. OL otaBepomolntéc TACEL eival KukAwpata 1 olokAnpwpéva otolyeia (IC-
integrated circuit), Ta omola mapéxouv puBUIOUEVEG TACELG YLOL TNV OUOAR AELTOUPYLO TWV
nAektpovikwy. Katnyoplomolouvtal avaloya Ue ToV aplBuo Twv aKPOoSEKTWY TOUG, LE TO vV
elval ypopuwot (linear) i evadlayng (switching) kot av eivol otaBepot (fixed-Betikol Kot
apvntkol) i pubpdpevol (adjustable- Betwkol kat apvntikol) 1§ evarhayrg (switching).™

OL akpodéktee pmopei va eivan tpeic, mévte fi kat oMarhoi. Me tov 6po ypappkdc?
otaBepomnointr¢ evvoeital mwg n DC tdon e€66ou mapapével otabepn kat dev aAalel yla
orotadnmote alayr doptiou ) taon ewoddou. And tnv AN pepLd, évag otabepomolntnig

tdong evolaync®

TapEXeL TIOAAQTAEG TAOELG €€0060U pE SLAPOPETIKEG TOAKOTNTEG, OL
omolec Tpogpyovtal amo pla tdon £loodou. Ot oOpol fixed kal adjustable, amoteAoUv
UTIOKOTNYOPLEG TWV ypapplkwy otabepomowntwy. Xtoug fixed regulators, n taon e€66ou
elval otaBepn kal mapéxetal anod 1o dlo to otolxeio, evw otoug adjustable n €€odog
KUHaLveTOL Kal puBuiletal e T Xpnon EWTEPIKWY OVTIOTACEWVY. XTI SUO UTIOKATNYOPILES
UTIapYOULV BeTIKol KoL apvNTIKOL oTABgPOTONTEC, TTOU SNAWVOUV TNV TIOAKOTNTA TNG TACNG

g€odovu.

ITnv mopouca epyoacia xpnoiwgomolndnkav apvntikol kol Betikol otabepomolnTtég TpLwvV
aKpoSeKTWY, ypap kol kot otabepol.

1.3.2. METATPOIIEIX

Ol petatponeic eivat pLo peydAn katnyoplo oTOLXEIWV KOL CUCTNUATWY TIOU UETATPETIOUV
ula popdn evépyelag os pia aAAn. TuvnBwg, oL EVEPYELEG lval N INXOVIKN, N NAEKTPLKN, N
NAEKTPOUAYVNTLKA, N XNHLKA, N BEPULKA.
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OL petatpormeic ywpilovtal oe Tpeilg Katnyopieg, oTouC aALOBNTNPEC (sensors), OTOUC
gVepyomolnTéG (actuators) kat oe ouvlLOOHO QUTWY, OMOU TN Hia AsltoupyolV WG
aLoONTNPEG Kal PETA WG EVEPYOTOLNTEG. OL eVEPYOTIOLNTES £lval SLATAEELG TTOU PETOTPEMOUV
TNV aPXLKN EVEPYELO OE Kivnon, NAEKTPOUNXAVLKA EVEPYELQ, EVW OL ALOONTAPEC LETATPETOUVY
KAOEe popdn eVEPYELOC O NAEKTPLKO ONUA, NAEKTPLKN EVEPYELQA.

OL aoBntnpeg, avaloya pe To HEYEDOC MPOC LETATPOTTH, KATnyopLomoloUvTaL o SUvaunG,
pong, emutayxuvong kot Bepuokpaciag. KabBwg otnv mapovoa epyaocia, UMAPXEL AvVAYKNn
METPNONG TNG Malag emAEXOnKav aloBntipeg Suvaung, oL onoiot Ba avaAuBolv apakaTw.

Ou awoBntripeg duvaung Staxwpilovral, pe Bdaon tnv texvoloyia mou xpnollomoLloUyY, o€
SuvopokuPéleg pETpnong katamovnong (strain gauge load cells), oe aweBntipeg
XwpNTIKOTNTOC Kot TelonAekTplkd. Ol SUVOUOKUWPEAEG emAEXBNKOV TEAKA, KaBwG
napouactalouv UPNAR YPAUULKOTNTA, OTABEPOTNTA Yylo UAKPOXPOVIEC UETPAOELS, XAUNAN
gvawodnoia otn Beppokpacia. Ot SuVaPOKUWPEAEG LETPNONG KOTATIOVNONG amoteAouvTol
oo 600 Baclka PEpN To EAACTIKO OTOLYELO KAL TO OTOLXELO HETPNONG TNG KATamdvnong.

To oxfHa Twv EANCTIKWY OTOLXElWV €XEL TETOLA pHopdr, woTe N edpapuolopevn dSuvaun va
gival mapAaAAnAn pe tov KUpLo Gfova TOUC KOL VO NV UTIAPXOUV TIAEUPLKEC TIPOCONKEG.
AkOUn, Ta oTolxela TAPOUCLATOUV YPOUULKOTNTA METOEU ooKoUpevng SUvapng Kot
Katamovnong, Kabwg kot vPnAn emavaAnPluotnta, yla TV aflomotia TwV UETPHOEWV.
JuvnBwg, kataokeualovtal amod Kpapota xaAuBa i kot avoéeidwto YaAuBa. Ta eAAOTIKA
otolyela ival popeig Twv oToLXELWV HETPNONG TNG KaTtamdvnong.

To otolxeiol HETPNONG TNG KATATIOVNONG TOLKIAOUY, Pe KUPLO TOV HETPNTH KATOMOVNONG
NAEKTPIKAG avtiotaong. Mpokettal, yla éva Aemtoé oUppa, oto omoio otav sdpapuolovrol
SuVAUELS epeAKUGHOU 1 cupTieong, aAAAlouv oL SLACTACELS TOU, Apa KAl N aviiotoon Tou.
Edapuodlovtag taon ota akpo Tou otolyeiou, n alayr TG avtiotaong Unopel va petpnOet,
odnywvtag TeAkA otnv UETPNnon tng {nToupevng duvaung. OL HETPNTEC KaTaokeualovTal
elte amd Aemtd oUppa, €ite amo nulaywyous, eite amo Aento AU, Qotoco, oL Tuo
Sladedopévol gival ol foil petpntég katamovnong. Xto Ixnua 2. dailvovtal oL HETPNTEC, Ao
aplotepd, Aemtol cUppatog, nptaywyou, foil.!

Ixnua 2. Metpntég Katanovnong
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Q¢ katamovnon 6w opiletal o epeAkuoUOC 1 cupmieon evog otolyeiou. O Babuog
KaTamovnong ovopddetal strain (g),kat eivol BeTkog yla Tov eheAKUOUO KAl apVNTIKOC yLa
TNV cupumieon. O apvnTIKOg AOYOG TNG EYKAPOLAC TIPOC TNV afOVLKI KOTamovnon ovoudletol
Aoyog Poisson (V) kal mpoodidel To Pabud eMEKTOONG TOU OTOLXEIOU MPOC TIG KATEUBUVOELC
k&Beta tne Katamovnonc.”

Itnv mapouca epyaoia, ol aleBntipeg mou xpnolpomolndnkav meplEéxouv foil petpntég
katamovnong. Kabe SuvapokuPéAn, Aoutov, meplexel dvo foil petpntég Katamovnong,
ouvOebeEVOUG O OELpA Kal TomoBeTnEVOUG KABeTa petafl toug (ZxNua 3.). O PETPNTAG,
mou Bploketal mapdAAnAa pe tnv dtevBuvon g SUvVaUNG, HETPA TNV AfOVLKN KATAOVNON
(+€), evw o kABeToG pPeTPA TNV TMAEUPLKA KAUWN (-ve), Aeltoupywvtag wg LeETpnTng Poisson,
oupBailovtag €tol otnv S10pBwon kAbe emiSpaong oto KUPLO OTEAEXOG UETPNONG, OTWG
napadelypatoc xdpw tne Beppokpactakrc.'®

+£

SENSE

KAMWH

Ixnpa 3. AvvapokuPpéln Me Avo KaBeta Foils

To wodUvapo kUKAwpa KaBe SuvopokuPEéAng, avtiotolyel pe SUo petaBorAopeveg iSlou
HEYEBOUC avTloTAoel ouvbebepéveg o oslpd (IxNua 4). Itnv Mpwtn n HetaPforn g
avtiotaong mpootiBetal, evw otnv SeUtepn n UeTaBoAn tng avtiotaong adatpeital, oe
AP avtwotolyla pe tnv Asttoupyia twv foil petpntwv katamovnong. H €€obog tou
KUKAWUOTOG AapBavetal HeTafl Tou KOKKLVOU Kol Halpou KaAwdiou Kol aviloTolxel otnv
{nToUpEVN TTOGOTNTO, TNV TACN IOV TPOKUTITEL artd thv edappoyn palag otov atedntipa.

R — AR
R Vee

Sense =
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Vcc

R+ AR

SENSE

GND

IxAua 4. loodUvopo KikAwpa AuvapokuPpEAng

1.3.3. ENIZXYTHX

O evioyutn¢ eival pla cuokeun, mou Séxetol éva onpa XapnAng toxbog kot efayel éva
EVEPYELOKA E€VIOXUUEVO (power-boosted) avrtiypado tou onuatog swddou. H klpla
TIAPAUETPOC TWV EVIOXUTWV €ival to k€pdog (A N G), mou mpoodiopilel To Babud peyebuvong
Tou onuartog eloddou. H yevikn e€lowaon tou képdoug sivat:

Vout
Vin

A=

EowTepLKA, Ol eVIOXUTEG €lval CUOKEUEG TIOU XPNOLUOTIOOUV UIKPA CHUATo, pEUMATOC A
TAoNG, yla va eAéyxouv peyaAltepa. Tnv Astoupyia autn tnv ektelolv Ta tpaviiotop, ta
omola €édepav TNV emavactacn ota NAekTpovikd. H avtoxn oe uPnAad enineda kpadaopwv
KoL Tleong kat n uPnAn evepyeLakn Toug anodoon, ival Ta Baclkd XOpaKTNPLOTIKA TOUG.

OL evioxuTég cuvavtwvtol oe dladopeg tomoloyieg, pe mowilo aplOud tpaviictop Kat ot
popdr oAokAnpwpévwy KUKAwpAtwy (IC). Itnv mapouoa gpyaocia xpnolgonotibnkav dUo
EVIOYUTEG, TwV omoiwv to KUKAwa Ba avadepOel.

O mpwTtog evioxutng (o LM358, omwg Ba Sovue) xpnowtomotnbnke oe KUKAwpa povadlaiou
k€pdoug (A=1) | aA\wg buffer. 3to IxAua 5. elkoviletal to Oewpntikd KUKAWUA. To KUPLO
yvwplopa Twv buffers eival otL dev evioxUouv tv tdon aAAd To peUpA TOU ONATOG, TIOU
onupaivel mwg mapéxetat xapnAn avtiotaon.”
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ViN Q]
)\ T

Ixnua 5. Kbkhwpo Movasdiaiou Képdoug

O &eltepog evioxutng (o INA122, onmwg Ba Solpe) ovopdletal instrumentation , mou
ONUOLVEL WG TIEPLEXEL TEAEOTLKOUG EVIOXUTEG. OL TEAEOTIKOL EVIOXUTEG €lval OAOKANpWHEVA
otoela twv Sladopikwv evioxutwv. O instrumentation evioxutng amattel Alyeg e€WTEPLKEG
ouvbioelg, Tapéxel TOAU xaunAo offset (avtiotaBuiopa) DC tdong, xapnArn oAloBnon
(drift), moAU vPnAo képdoc, uPnAn andppupn kowvou onpatog (Common Mode Rejection),

akpipeLa KoL otadepdTnTa oTo Xpodvo.®

—0 Vo

IxAua 6. KOkAwpa Instrumentation Evioyutwv

To KUKAWHA TOU IXAMOTOC 6. ,MOU €ival amd T O CUXVA TWV EVICXUTWV OpPYAvwvY
(instrumentation), elval To E0WTEPLKO KUKAWA TOU EVLOXUTH, TIOU XPNOLUOTOLBNnKE otnv
napovoa epyaoia. H tdon e€68ou tou €xel efiowon:

R, R,
Vour = (1 + R_l + 2 E) Vine = Vin-)

ormou to képdog sival

R, R
G=1+->+2-2
Ry Rg

1.3.4. 0 petatponéag ADC

O petatpormnéag avaloylkou onpatog os Pnoako (Analog to Digital Converter-amnod 6w ka
Katw Oa avadépetal wg ADC) sivol Pl CUOKEUT TIOU ETATPEMEL £va avaAoylkO onua,
ouvnBwg taon, os Pnolako aptBuo (bits - clvolo undév kat €va), o omoiog avanaplotd To
pEyeBog TNC peTpoUpevng moodtntag. O Yndlakog aplbudg amoteAeital and SladopeTiko
aplOpo bits, oxtw, &éka, dwdeka k.a. yla kaBe cuokeun. O aplBuog twv bits (N) kat ot
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tdoelg avadopds kabopilovv v Stakptkr wavétnta tou ADC.MY O tdoeg avadopdg
elvar pa Oetikn (Vigry) ko pia apvnuikl (Vier_) kat opifouv to €0pog tng tdong tou
onpatog, mou unopel va petatpanel. Emopévwg, n Stakpltkn tkavotnta (Resolution-R) tou
ADC opiletal wg:

_ Vref+ - Vref—

=—
To avoAoylKO OHHA TPOG UETATPOTIH ELOEPXETAL O0TO KavaAl tou ADC kat ¢doptilel €vav
TIUKVWTH, TOoUu omolou o xpovog ¢optiong ovoualetal Xpovog Ktrong (Acquisition Time).
ETMEeLTa, 0 MUKVWTNC QITOKOMTETOL OO TO aVAAOYLIKO KavaAl Kot apxilel n SswypotoAnyia
tou, dnAadn pa mepodikr) petpnon (T4p) TNG TWNG Tou. e KABe mepiodo T,p opiletal kat
£€va aro ta N bits tou Yndlakol aplBpol, evw 0 cUVOALIKOG XPOVOG ATTOKTNONG TOU TEALKOU
Yndlakol aplBpol ovopaletat Xpovog¢ Metatpomnig (Conversion Time). TeAwkd, n
Sladlkaola TNG LETATPOTNG EVOC avaloyLlkou onpatog os Pndlako aplbud amattei to Xpovo
Ktriong kot To Xpovo Metatpornc.

Jtnv mapovoa epyacia xpnolpomowndnke ADC, o omoiog &eival EVOWHATWHEVOC OTOV
pikpogleyktn. H ouxvotnta dsiypatoAnyiag kat dpa n nepiodog Ty p, opilovral pe Bdaon tnv
ouxvoTNTa AELITOUPYLOG TNG CUCKEUNG.

1.3.5. 0 ik pogAeyktng MCU

O HIKPOEAEYKTAC elval £vag HIKPOG UTIOAOYLOTAG, O OTIOl0Cg XPNOLUOTIOLE(TAL 08 CUCTHHATA
TIOU AELTOUPYOUV QUTOVOLQ, XWPLG TNV mapoucia tou avBpwrou. H Baoikr Asttoupyla Tou
MLKPOEAEYKTH] €lval O €AEyXOGC KOL O TIPOYPOUMOATIONOG TWV  AETOUPYLWV AAAWVY

NAEKTPOVIKWY  Slatdfewv. Evac TUTKOG HikpoeAeyktrc  amoteheitod™

oarmd Tmupnva
enefepyaotn (processor core), pvAun (memory), eleyktn Siakomng (interrupt controller),
xpoviotr] /uetpnth (timer/counter), Yndloakég eloddoug/e€66oug (digital 1/0), avahoyikeg
gl006ouc/e€d60oug (analog 1/0), Slacuvdeaon (interface), watchdog timer. O\a ta otolyeia
ETIKOLVWVOUV HECW e0WTePLKOU StavAou (internal bus) kat eivatl ohokAnpwpéva og éva chip
(1C). H ermukowwvia pe tig eEwteplkég Slatdlelg yivetal péow Twv povadwy elo6dou/e€odou.

To Tumiko Sldypappa dpaivetal oto Ixnua 7..
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Microcontroller

Counter/
Processor SRAM EEFPROM/ !
Core Flash Timer
Module
JII.1I.'IIIHI. BIL‘\:
. Serial )
Diigital IO Analog Interrupt
= Interface |
Module Modul Module Controller
ule
[ i3 [ [

IxAua 7. Turiko Awaypappa MikpogAeyKTr

O nupnvag enefepyaotn) lval n Keviplkn povada enefepyaciog TOU ULKPOEAEYKTH, EVW N
MVAUN TOu Ywplletal o meploxég dedopévwyv (data memory) kol  TTPOYPAUUATIOMOU
(program memory). 2tn mpwtn anobnkevovtal Ta Se50UEva Ao MPAEELS, LETPIOELG KAl 0T
S6eltepn TO TPOYPAUUA, TO OmMoio e£KTeAel 0 MIKPOeAeyKTAC. O eAeyktng SLAKOMNG
Slaxelpiletal onuarta, To onoio Anookomouv otnv emBuUNTH SLaKoTH TG AsLToupyilag Tou
TIPOYPAUUATOC WOTE va EKTEAECTEL KAToLla GAAN Aettoupyia. OL XpovIoTEG/UETPNTEG LUETPOUV
XPOVIKA Staotrpota, HeTpolv R/kal onuadevouy Xpovikd to yeyovota. Ot eicodol/ €€obdol
elval kavaila mou Siaxelpilovral avaloykd kot Ppndlakd onuata i dedopéva. H mio
ouvnong Slaoclvdeon tou MIKpoeAeyKT elval n oslplakn (Serial Interface), pe tnv omoia
ETUKOWVWVEL PE €EWTEPIKEG NAEKTPOVIKEG SLOTALELG, HE NAEKTPOVIKO UTIOAOYLOTH Kol GAAa
ocuothuata. O watchdog timer elval €vag  Xpoviotig, o omoiog Katd Kuplo Adyo
XPNOLUOTIOLELTOL OTOV O ULKPOEAEYKTNG TAYEL va AslToupyel Kavovikd (KoAAroel). Tote, o
watchdog timer PeTpdel KAMOLO XpOVO, TIOU TOU OpllEl O TPOYPAUUATIOTAC, Kol av AREeL
enavadepel tov pikpoeAeyktn (reset). O watchdog timer ypnoluomnoleital eniong yla va
enavadEpPeL Tov UIKPOEAEYKTH og TANPN Asttoupyia (run), Hetd amd TV KATAoTAoN XAUNAARC
Katavaiwong (sleep).

Mo vo. UMOPECEL 0 UIKPOEAEYKTAC Vo SLaXelplotel TIG e€WTEPLKEG NAEKTPOVIKEG SLATAEELC
oA KAl TIC €EOWTEPLIKEG Aeltoupyle¢ Tou, Xpeldletal va mpoypoappatiotel. O
TIPOYPOUUATIONOC TWV UIKPOEAEYKTWVY  YIVETAL HE HlaL OElPd EVIOAWV, OL OToleg €xouv
ouykekplpevn Pndlokn popdn. OL yAwoosg mpoypoppatiopol Staxwpilovral os xapnlou
kot uPnAol emunédou, pe kupla mapadeiypata tnv Assembly kot tn C, avtiotoya. Ot
vAwaooec xapnlou emutédou xapaktnpilovral wg yYAWooeg pnxavig, kabwg Bplokovtal eva
BrAua mpwv to mpoypappa pe Pnookn popdn. Avtifétwg, ol yAwoosg uPnlol emumédou
TPETEL VAL LETAPPACTOUV O€ XaUNAOU €MUMESOU KAl £TELTA VA EKTEAECTEL TO MPoOypappa. H
Stadkaoia petadpaocng, r HUETOYAWTILONG, TIPAYHOTOTOLETAL amMO TOV UETOYAWTILOTA
(compiler) kattov Steppnvéa (interpreter).*?
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2.APXITEKTONIKH KAI XXEAIAXMOX XYXTHMATOX

3to kepahao autd Ba mapouclocTel To ocUOTNUA TOU avamtuxdnke yla tnv €€
OMOCTACEWS HETPNON HAlaG CWHOTOC. Oa TAPOoUCLOOTOUV Ta NAEKTPOVIKA OTOLXELQ, TIOU
Xpnotomnonkayv, Kal ta BaoLKd TOUG TEXVLKA XAPOKTNPLOTIKA.

2.1. APXITEKTONIKH XYXTHMATOX

H 0pXLTEKTOVLKI) TOU CUOTAUATOG VAAUETAL OE TECOEPQ EMIMeSa:
1.Entinebo tpododoaiag (Xtadio 0)

2.Eninedo alebntipwv (Xtadwo 1)

3.Eninedo enefepyaoiag onparog (2tadio 2 kat 3)

4.Eninedo amootoAnc mAnpodopiag (2tadio 4)

2.2.XXEAIAXMOX XYXTHMATOX

2.2.1.EIIIIIEAO TPO®OAOXIAY (XTAAIO 0)

To oloTNUA yLO VO UITOPEL va. AELTOUPYEL O ATIOUAKPUCHUEVEC TIEPLOXEG OXESLAOTNKE WOTE
va tpododorteital pe pnatapieg. H kevipikn tpododoacia amoteAsital amd €L AA unatapieg
Twv 1.5V ¢ etatpiag VARTA, mapéxovtoc cuVoAKa 9V.

2.2.1.1. OETIKOX X*TAGEPOIIOIHTHX TAXHY L78S505CV

Ta meploodtepa NAEKTPOVIKG oOTolXeia, Tou xpnotpomolnOnkav, emAéxBnke wote va
AgttoupyouUv ota +5V. MNa 1o Adyo autd, xpnotuomolriBnke o Betikog regulator L78S05CV tng
etatpiag ST Microelectronics. O regulator L78505CV 8€xetal otnVv (0080 ToU BETIKEG TAOELC
and 7 €wg 35V(max) kat Sivel otnv €€0do otabepad 5V (turikad). Exel tn Suvatotnta va
TAPEXEL PeVPA Eviaong HEXPL 2A Kol Tapéxel Oepuikn mpootoocia umepdoptwong Kat
npootacia BpaxukukAwpatog. Asttoupyel oe Bepuokpaocie¢ amo 0°C €wg 150°C.  Ztnv
napovoa epyaocia xpnoidomnolbnke otn popdr TO-220 (package Transistor Outline-220),
TPLWV TEPUATIKWY. XTo Mivaka 1. mapouoldlovial CUVOMTIKA T XOPOKTNPLOTIKA TOU Kal
otnv Ewéva 1. amnelkoviletal o regulator L78S05CV.
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ZtaBeponontig Taong L78505CV
Tumnog OETIKOG
AKPOSEKTEG 3
Package TO-220
Tdon Aettoupyiag 7 €w¢ 35V(max)
Taon E€660u 5V
PgUpa max 2A
Ospuokpaocia 0°C éwg 150°C

MNivakag 1. Xapaktnplotikd L78S05CV

INPUT 17 .

3 /
GROUND i s TO-220
OUTPUT

Ewkova 1. Ostikog Regulator L78S05CV

2.2.1.2. Timer 555

TNV mopouoa pyacio UTIAPXEL N AvAyKn XPHONG apvnTLKNG TAoNG, N omola mapdxonke pe
TO KUKAwWA avootpodng MOAWoNG, Tou omoio to Pacikd otolxeio eival o Xpoviotrg 555
(Timer 555). Tuykekpluéva, xpnotpomnolndnke o NE555 Precision Timer tng etatpiag Texas
Instruments. O NE555 mapéxet akplBeic xpovikég koBuotepnoelg i TaAaviwoel. H tdon
Aettoupylag tou emiléyetal amo 4.5V £wg 16V, Aettoupyel oe Bepuokpacia and 0°C éwg
70°C koL opEXEL pelpa Evtaong PExPL 200mA. O NE555 D mou xpnotpomnotnonke £xeL 8 pins
Kot givol tng popdng PDIP (Plastic Dual Inline Package). 2tov MNivaka 2. mapouaotalovtol Ta
Baolkd YOpOAKTNPLOTIKA TOU Kol TNV Ekova 2. amelkoviletol To SLaypoppa Twy pins Kal o
NE555D.

XpovioTig NE555
AKPOSEKTEG 8
Package PDIP
Tdon Asttovpyiag 4.5V éwc 16V
PeUpa max 200 mA
Oepuokpaocia 0°C £wg 70°C

Nivakag 2. Xapaktnpotikd NE555
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NE555D

GND[] 1 “ 8] Vec

TRIG[] 2 7]] DISCH

OUT[] 3 6 [] THRES
RESET[]| 4 5[] CONT

8 PDIP

Ewova 2. Timer NE555D

2.2.1.3. APNHTIKOX XTAOEPOIIOIHTHY TAXHX LM7905CT

Ma va dnuioupynBel n amattolUeVn apvNTLKA TACN TwV -5V, xpnotpomnolnonke o regulator
LM7905CT tng Texas Instruments. To package, mou emiAéxOnke, eivalr TO-220, tpLwv
OKPOSEKTWY. ITOV AKPOSEKTN €L0OS0U UMOPOUV va €PaPUOOTOUV TACELS €wWC -25V, evw N
TAOoN ToU 0KPoSEKTN €680V TlapEXeL -5V (Tutuka). H péylotn mapoxn pevparog ivat 1.5A
KoL Aettoupyei og Beppokpaocieg and 0°C €wg 125°C. Onwg kot o Oetikog regulator L78S05CV
napéxel BepuLkn mpootooia unepdPopTwong Kal mpootacia BpaxukukAwpatog. Xto Mivaka
3. MaPOoUCLAoVTOL CUVOTTIKA TO XAPAKTNPLOTIKA Tou Kal otnv Ewkova 3. amewkoviletal o
LM7905CT.

ItaBeponointr¢ Taong LM7905CT
Tumnog ApVNTLKOG
AKpoSEKTEG 3
Package TO-220
Tdon Aettoupyiag €wg -25V
Tdon E§660u -5V
PeUpa max 1.5A
Oepuokpaocia 0°C €wg 125°C

Nivakag 3. Xapaktnplotikd LM7905CT

GROUND
INPUT
OUTPUT TO-220

Ewova 3. Apvntikog Regulator LM7905CT
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2.2.2. EIIIIIEAO AIZOHTHPQN (XTAAIO 1)

OL aiwebntrpeg, mou xpnolpomolibnkav otn mapoloo €pyacia, TPOEPXOVTAL QMo ThV
nAektpovikr {uyapltd PW 5570 FA tng etaipeiog AEG, n omoia swkoviletal otnv Ewkova4..
KaBe aiwobntnpog €xel ywpntikotnta, SnAadn péylotn pala mou avéxetal, 50kg kat
Aettoupyel and toug -10°C £wg toug +40°C. H avtiotaon tou eivatl 850Q kal S€xetal TAON
tpodobooiag amd 5 €wg 15 V. Emiong, o kdBe auwoBntipag mapouclalel KoAd
XQAPOKTNPLOTIKA YPAUULKOTNTOG Kal emavaAnuotntag, mepimou 5% kat 2.5%, avtiotolyo.
To Baolkd XopakTnploTikO Katamovnong (creep), To omoio avadpEpetal otnv oAAayn tTng
€€060uL ToU otolxeiou pe TNV epappoyn palag yla Kamolo xpovo, sival nepimou 2.5% . To
OUVOALKO 0dAApO OTn HETPNON QVEPXETAL OTO 5%, €vw TO N enidpaocn TnG Beppokpaciag
Tou TiepBAAAOVTOC OTN HETPNON OTav MAvw oth {uyapld umdpxel pala (temperature effect
on span) oto 2.5%/°C. H ouvbeon twv aodnthpwv Kol Ta XOPOKTNPLOTIKA TNG
napoucLaovtal mapakatw, otn mapaypado 3.1.2.

Ewéva 4. Zuyapird PW 5570 FA

2.2.3. EIIINEAO EINNEZEPTAXIAY X HMATOZX (XTAAIO 2 KAI 3)

310 eninedo enefepyaoiag onuatog avikouv n evioxuon, n Pnolomoinon kat n avaiuon
Tou onuatog. Ma tnv evioxuon Tou oRUATog xpnolwuomoldnke o evioxutig INA122 tng
etawpiag Burr-Brown, oe cuvbuaoud pe tov evioyuty LM358 tng Texas Instruments. H
Pndlomoinon Kat n avaAuon Tou CAUOTOC £YWVE amo Tov HikpoeAeyktr PIC18F25K80 tng
etaipelag Microchip.
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2.2.3.1 ENIXXYXH

2.2.3.1.1. INA122

O evioxutng INA122 eivat micro power instrumentation gvioxutng akplBeiog. EmiAéxBnke
yla Tn KLKpr taon avtiotdduiong etoddou (input offset voltage) tng tdéng twv 250UV, yia to
ULKPO avtlotaBuiopa oAiocBnong Ospupokpaociag (input offset drift-temperature) twv 1 pVv/°C
KOlL YLOL TO ULKPO pelpa TTou KatavaAwvel (input current), 60uA. Emtiong, pue t xprion poévo
pLag e€wteplkng avtiotaong, Sivel tnv Suvatdtnta emhoyng ké€pdoug taong amo 5V/V £wg
10000 V/V. Asttoupyei oe Beppokpaocieg amod -40°C éwg toug +85°C, pue odpdApa KEpSOUG
+100 ppm/°C, yia evioxuon 100V/V. H tpododoaia tou pmopst va sival povA pe TIHEG amo
2.2V €wg 36V, fj Suthn amo -0.9/+1.3 éwg +18V. Itnv napoloa spyaacia xpnotponodnke o
INA122P pe 8 pins kot package PDIP, o omoiog elkoviletal otnv Ewkdva 5. pall pe to
Sldypappo Twv pins Tou.

AtileL va onpelwBel éva emumAéov pin Tou INA122, to pin-5-Ref, To omoio xpnotpomnowBnke
otnv napovoa spyacia. To pin Ref xpnolpomnoteitat amnod tov xpnotn otav sival embupnti n
avénon tng taong £€66ou. H tdon mou Ba sdappootel oto pin mpootiBetal otn tdon
g€66ovu, peyodwvovtag tv TR NG Xtov Mivaka 4. mapoucialovtoal Ta Boolkd
XOPAKTNPLOTIKA Tou INA122 .

Re| 1] © 8 |Rg
Vinl 2 7 | V+
" INA122
Vin | 3 6 | Vo
V-1 4 5 | Ref
8-Pin DIP
Ewkova 5. Evioxutig INA122
EvioXuTig INA122
Tumnog Micro Power Instrumentation
AKPOSEKTEG 8
Package PDIP
Tdon Asttoupyiag Single: 2.2 V éw¢ 36V
Dual: -0.9/+1.3 éw¢ 18V
Képbog 5V/V £w¢ 10000 V/V
Input Offset Voltage 250V
Input Offset Drift- 1 uv/°C
Temperature
Input Current 60pA
Osepuokpaocia -40°C €w¢ toug +85°C

Mivakoag 4. Xapaktnplotikd INA122
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2.2.3.1.2. LM358

O LM358 ypnolponotnbnke wg buffer, yia va mapéxel xapnAn avtiotaon oto kavaht Ref,
Tou evioyutr) INA122, dwg MPOTELVETAL A0 TOV KATOOKEUAOTH.

O LM358 nepléxel dvo avefaptntoug, uPnAol KEPSOUC TEAECTIKOUC EVIOYXUTEC. KaBe
EVIOXUTNG €xel offset taon ewoodou (input offset voltage) 3mV, avtiotaBuilopa oAicBnong
Oepuokpaciag otnv eicodo (input offset drift-temperature) 7 puV/°C, evw 10 pelpa
tpododooiag (supply current) kat yia toug SUo evioxutég elval 0.7mA. To kEpSog TAonNg
avolytou Bpoxou eival 100V/mV kal Aettoupyel o Beppokpaaieg anod 0°C £wg toug +70°C. H
tpododoaoia Tou evioxutr Umopel va eivat povi f dumAn, and 3 V £éwg 32V 1 £1.5 €wg 16V,
avtiotolya. ¥tnv gpyacia xpnowomnow}dnke o LM358P twv 8 pins kal package PDIP. Xtov
Mivako 5. mopouclalovial Ta XOPOKTNPLOTIKA TOoU, evw To Slaypappda Twv pins Kol o
EVIOYUTNAG elkovilovtal otnv Elkova 6..

EvioXUTAg LM358
Tumnog AUTAGG- TEAEOTLKOG
AKPOSEKTEG 8
Package PDIP
Tdon Asttoupyiag Single: 3V éwg 32V
Dual: £1.5 é¢wg 16V
Képbog 15V/mV €wg 100 V/mV
Input Offset Voltage 3mV
Input Offset Drift- 7 uv/°c
Temperature
Input Current 0.7mA (2 evioXuT£g)
Ospuokpacia 0°C €wg Toug +70°C

Mivakag 5. Xapaktnplotikd LM358

LM358P
10UT [] 1 Yo ] Vee
1IN-[] 2 7[] 20uUT
1IN+ [ 3 6[] 2IN-
GND []4 5[] 2IN+

PDIP

Ewkova 6. Evioxutrigc LM358
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2.2.3.2. YVHOIOINIOIHXH KAl ANAAYXH YXHMATOX

Ma tnv Pnolomoinon kaL TNV avaAucon Tou CHUOTOG XPNOLLOTIOWONKE O UKPOEAEYKTNG
PIC18F25K80 tng etatpeiag Microchip. OL Adyol, ylo Toucg omoioug emhéxBnke, eival o
evowpatwpévog ADC twy 12-bits, n UMapén KavaAlwv oelplakng emkovwviag ( Evioxupévog
FevikdGg Zelplakdg AcuUyxpovog Aéktng AmootoAéag - Enhanced Universal Serial
Asynchronous Receiver Transmitter-EUSART) kat o Watch-Dog Timer mou Asttoupysl yla
EKTETAEVN WPOL.

Ta Baotkd yopoKtnpLotikd Tou PIC18F25K80 mapouaidlovtatl otov Mivaka 6..

Tdon Aettoupyiag 1.8V £€wg 5.5V
AKPOOBEKTEG 28
Wndrakoi Akpodékteg I/O0 24
12-bit AvaAoywkd KavdaAia ADC 8
KavaAia ESUART 2
Mvnun Flash Mpoypappatiopov 32kbytes

Mvrun SRAM Agbopévwv 3648 bytes

Mvrjun EEPROM 1024 bytes

Taxutnta PoAoylol £w¢ 64MHz

Nivakag 6. Xapaktnpiotikd PIC18F25K80

Oco avadopd TNV TOXUTNTA TOU POAOYLOU, O HLKPOEAEYKTNG TPOOPEPEL TPELG TUTIOUG
gowtepLkol tahavtwth tTwv 31kHz (Low Frequency), twv 500kHz (Medium Frequency) kat
16MHz (High Frequency).

Evepyelakd xapaktnpiletal wg xapnAng katavalwong kabwg oe Run Mode katavaAwvel
pevpa ImA (Vpp = 5V, Fgsc = 4MHz HF-internal, T=25°C) kaL oe Sleep Mode 240 nA
(Vpp = 5V, T=25°C). O Watch-Dog Timer «kotavaAwvel 0.8uA (Vpp = 5.5V), evw o ADC
EVEPYOTIOLNUEVOC KOl OXL KOTA TNV SLAPKELD TNG LeTaTpOTAG 1 A,

O ADC tou MLKpOgAeYKTH €ival Twv 12 bit, To omolo onuaivel mwg unopel va xwpioetl to
€UPOC TWV TACEWV avadopdg oe 4096 Pripata. O UIKPOEAEYKTAC TPOOHEPEL TN SuvatoTnTa
otov Xpotn va eTUAEEEL PETAEL E0WTEPLKAG KAl EEWTEPIKAG Viery, ONAQSH gite va emAEEEL
METAEL Twv 4.01V Kal 2.0V €0WTEPLKAC TAONG, £iTe va oploel €va eEWTEPLKO OKPOSEKTN, TOU
onoiou n tdon Ba eivat N Vyery . Mia akopn emhoyn eivat n Vyery Vo avtioTolxel otny tdon
Tpodobooiag Tou pkpoereyktn (Vpp). AvtiBeta, oL emloyeg yia tnv Vr ., Teplopilovtal oe
600, oToV OpLOUO EEWTEPIKOU aKPOSEKTN KAl 0TV TAon yeiwong tou pikpogheykth (V).
Onweg avadpépdnke mapandvw, otav o ADC eivol eVOWHATWUEVOG O ULKPOEAEYKTH, N
neplodog T,p opiletal pe Baon TNV ocuxvotnta Aeltoupylag tng cuokeung. Zto GuAradio
npoSlaypadwv mapéxetal mivakag (Table 23-1.) o omoiog kateuBUVEL TOV XProTn OTNV
owotn erihoyn g Typ HE BAoN TNV cUXVOTNTA AELTOUPYLOG TOU LUKPOEAEYKTH.

0co avadopad t oslplokn enkowvwvia EUSART, o HIKPOEAEYKTNG TOpPEXEL SUO LOVASEC
(EUSART1 kat EUSART2). Ou povadeg Slapopdwvovtatl eite wg ocvotiuata full-duplex,
(aoUyxpovn enkowvwvia) eite wg half-duplex (cUyxpovn emikowvwvia) master 1| slave. O 6pog
™¢ evioyuong otnv ovopooia avadépstal os mMPoobeteg Asttoupyiec g povadag, Onwg
QUTOMOTN avixveuon tou puBpou petdadoong (baud rate).

O Watch Dog Timer tou PIC18F25K80 £xeL tuTtikr tepiodo 4ms, 0 XproTnC OUWCE UMOPEL va
v au€noel péow Ttou 16-bit postscaler. H Ty tou postscaler moAAamAactaletal ue tnv
niepiodo tou kot Sivel TIHEC amd 4ms €wc 4194s. O WDT pmopel va AELTOUPYROEL WE
TEooePLG SL0POPETIKOUC TPOTIOUE, EVEPYOTIOLNUEVOC, OTEVEPYOTIOLNUEVOG, UTIO TOV £AEYXO
AoylopikoU, SnAadr) evtoAwv, Kol €VEPYOTIOLNUEVOG KATA TNV KAVOVIKN Agltoupyla kot
QUTEVEPYOTIOLNUEVOC KATA TNV KOoTaotaon sleep.
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To package tou pikposgAeykty mou xpnotpormowdnke eivor SOIC (PIC18F25K80/SO.
Aeltoupyel amnod toug -40°C £wg toug +125°C. Itnv Ewkéva 7. amelkoviletal To Slaypappa
Twv pins Tou PIC18F25K80/SO kat 0 i610¢ 0 UIKPOEAEYKTAC, EVW OTO IXAUA 8. TO OXNUATIKO

ToU S1aypappa.

WCIRRE3
RAD/CVREFIANOULPWU
RAT/ANT
RA2IVREF-JAN2
RAJVREF+/AN3
VDDCORE/NCAP

RAS/ANAIC2INBHLVDINT1CKISSICTMUI
Vss

OSCH/CLKINRAT

0SCCLKOUTIRAG

RCO/SOSCO/SCLKI

RC1ASOSCI

RC2T1GICCP2

RC3REFO/SCLISCK

PICISF25K80

| RE7PGDTIGRX2DT2AEIS

|| ResipaCTXaCK2KB2

[] ResmocKiTacKicCCRSKBI1

|| RB4ANSIC2NACCPPIALCTPLSKEID
|| RB3ICANRXC20UT1DICTED2INT3

|| RE2CANTACIOUTICICTED1INT2

[ RBAIANGICINGP1BICTOININT!

[] REOANOICINAFLTOINTO

] \/oD

s

' ]RC7ICANRX/RX1/DT1ICCP4

[ ReSCANTXTKIICK1ICCR
[]Resisn0

] RC4/SDASDI

Ewkova 7. MikpoeAeyktrg PIC18F25K80
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IxAua 8. IXnuatiko Ataypapupa PIC18F25K80

2.2.4. EIIINEAO AIIOXTOAHX IAHPO®OPIAX (XTAAIO 4)

Ma tnv amootoAn Twv Sebopévwy xpnowlomnolndnke n mAakéta tng Siemens TC35. H
mAakeTa Siemens dépel tn povada TC35, BUpa oslplakng emtkovwviag D9, MAX232 yia thv
Slaxeiplon twv onudtwv TTL/CMOS, 6nkn yia tnv kapta SIM, umodoyn tpododooiog 5V
KoL U0 SUTAEC aKLOOOELPEG, LE TIG OTtoleg mapEXeTal MPooPaon ota KAvAALa TNG Hovadag
TC35.

H povada TC35 eival éva oAokAnpwpévo cvotnpa mou petadidel dwvr, dedouéva, SMS
kot Fax. Mapéxel mpocBoaon otnv At Zwvn (Dual Band) EGSM900 MHz (Extended Global
System for Mobile communications) kot GSM1800 MHz, tng GSM 2+ ¢aonc. H evépyela
petadoong tng {wvng EGSM900 MHz avrkel otnv kAdon 4 (2W), evw n {wvn GSM1800 MHz
otnv kKAdon 0 (1w). 31429

‘Ooo avagopa tnv unnpeoia SMS, to TC35 unootnpilel tnv Mobile Originated (MO) kat
Mobile Terminated (TE) SMS, kaBw¢ kot tnv unnpeocia Cell Broadcast (CB), omou
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peTadidovtal pnvopota Tautoxpova o€ TTOAAOUG XPHOTEG HLOG OUYKEKPLUEVNG TIEPLOXNG.
Eniong, mapéxel tn Suvatotnta xpriong 6Uo SladopeTIKwY TPOMWVY AMOoToAng SMS, mou
elvat to Protocol Description Unit (PDU) kat to Text.

To TC35, otig katnyopieg Twv GSM, meplypadetal wg Ukpog Ztabuog Kwntwv (Mobile
Station) kaBw¢ tpel ta Tpia Baokd kpLtipla Twv Texvikwy Mpodiaypadwv tng EGSMO00
(Technical Specification), n evepyslokn Tou kKAdon eival 4, {uyilel 18g (<200g Tou Kpltnpiou)
KaL €xeL Oyko 13.24 cm?® (<500 cm’ tou Kpttnpiou). Asttoupyei oe Beppokpacieg and -20°C
£w¢ +55°C kal mpoypappatiletal pEow twv AT evioAwv (Attention commands).

‘Oco avadopd tnv katavailwon, yia t {wvn EGSM900, otnv katdotaon Talk ypetaletal
pevpa évtaong 300mA, svw oe peak ¢dtdvel ta 1.8A. Itnv katdotacn Power Down, To
pelpa Tou KatavoAlwvel ival 50uA, evw oe katdotaon adpadvelag (Idle) ta 10mA. Itnv
{wvn GSM1800 aAAdlel n katavdlwaon otnv kataotaon Talk, ota 270mA.

H amootoAny Ssbopévwyv kol evtodwv oto TC35 mpaypatonoleital péow apdidpouou
SlavAou oelplakng emkowvwviag (RS232) kal péow plag molkliag puBuwv petadoong. H
Kepaia ov umootnpilel eival opoaovikr Twv 50Q kat n kapta SIM twyv 3V.

Jtnv Elkovas8. elkoviletal kal amo tig SUo OYelg n mMAakETa Siemens Kal n Kepaia.

C€0682 A
B

Ewova 8. MAakéta TC35
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3.IIEIPAMATIKH AIATAZH-E®APMOT'EX YAOIIOIHXHX

3.1 ANAAYXZH INIEIPAMATIKHX AIATAZHX

210 unokepaAalo autd Ba MOPOUCLOCTEL AVOAUTIKA N KOATOOKEUN TNG TAQKETAG avd
eninedo oxedlaouou.

3.1.1 EINIIIEAO TPOPOAOZIAX

JUpdwva pe to GulAadlo mpodlaypadwyv Tou Betikol otabepomolntr tdong L78505CV
(ZxAua 9.) ya Tnv opbn Asttoupyia tou amattouvral U0 KEPOULKOL TIUKVWTEG Twv 330nF
Kot 100nF. O mukvwtnc twv 330nF cuvdéetal otny €000 Kal oTNV yn, EVW 0 TIUKVWTAE TWV
100nF otnv £€060 kot tn yn. OL MUKVWTEG TTou Xpnotpomolndnkav sivat tng texvoloyliag
Surface Mount (SMT) pe amotunwpa (footprint) 0805, kepaukol kal avtexouv péxpl 20V.
Na onuelwBel otL petd tnv £€€060 Tou otabepomolntr tonobeteital n diodog INA007, yia
TNV NMPOoTACia TOU KUKAWMOTOC.

! LM78S05CV 2
0.33uF 0JuF

Ixnpna 9. NMpotewopevo KukAwpo L78S05CV

‘Ouola, o apvnTkog otabepomolnthig taong LM7905CT, xpeldletal TUKVWTEC TavTaAiou
2.2uF kat 1uF , otnv elcodo kat otnv £€060 Tou, avtictola (XxAua 10.). Qotéco, clpdwva
pe 1o GuUANGSIO Tpodlaypadwy, Ol TIUKVWTIEG TAVTOALOU avilkataotadnkav armnod
NAEKTPOAUTLKOUC TIUKVWTEG Twv 22UF. Ot NAEKTPOAUTLKOL TTUKVWTEC IOV XPNOLUOToLRBnKav
avikouv otnv texvohoyia Through Hole (THT).

_l_ —Tim* —]icz’f

2.2uF 1uF

GND

INPUT LM79XXCT OUTPUT

Ixnua 10. NMpotewvopevo KUkAwpa LM7905CT
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+Vcce
1.2kQ 1kQ
8 4
2 220pF 1N4007
3 +|/ -Vce
3.9kQ NE555 N
6
—Iz 1
1N4007 9”7 7 220uF
T~ 47nF +
GND

Ixnua 11. KikAwpa Avaotpodng NMoAwaong

Jto IxAua 11. mapouoctdletal TO KUKAWUOA ovaoTpodrng mOAwoNg, OTo Ormoio
XPNOLOTIOLE(TAL TO XpovOoueTpo akplBeiag NE555. Mo tnv uAomoinon Tou KUKAWUATOC
XPNOLWOTIOWONKAV QVIIOTACEL HE OVOMOOTIKEG TeC  1.2kQ, 3.9kQ kat 1kQ, g
texvohoyiag Surface Mound kat pe footprint 0603. OL TUKVWTEG TTOU XPNOLUOTIOLBNnKav
gival twv 220uF kat 47nF. Ot TUKVWTEG Twv 220uF gival NAEKTPOAUTLKOL KAl AVAKOUV oTnV
Through Hole Technology, evw o mukvwthg Twv 47nF sival kepapkog kat SMD (Surface
Mount Device) pe footprint 0805. Ot dUo diodot, ou xpnotpomnotndnkay, eivat ot IN4007
ot texvoloyia Through Hole.

3.1.2 EIIIIIEAO AIXOHTHPQN

H Tuyapia PW 5570 FA mepléxel TEOOEPLS OPOLOUG aloBNnTrpeg, oL omoiol elvat
tomoBetTnuévol og el8LKEC OKeG oTLC Ywvieg tng Baong tng (Elkdva 9).

Ewova 9. Zuyapld PW 5570 FA

Ot atoBntrnpec ocuvbéovtal oe kKUKAwHA yEpupag Wheatstone, kaBwg MAeovekTel WE TPOG TN
otaBepotnTa, to UNSAUWVO OPAAUA YPAUUKOTNTAC, TN O10pBwon N KEVIPAPLOUEVNG
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Aaoknong mieong Kol BEPUOKPACLOKAG EMiSpaonG. AVIIKOOLOTWVTAC TOUG aloONnTrpPEeS PE TO
LlooSuvapo KUKAwpa Toug (ZxAua 4.) mpokumtel n dwataén tou Ixnuatog 12. H péylotn
METpOUMEVN pala tng Statagng eival ta 150kg.

R+OR R+ 4R E+
o— —® 2(R-AR)  2(R+AR)
E+ S-

R-AR R-AR

| |

R-OR R-AR
o — —e
o e- 2(R+AR)  2(R-AR)

R+4R R+ AR

E-

Ixnua 12. loodvvapo KOkAwpa Zuotripatog AtcOntipwy

Y10 KaAwdlo E+ edpappdletal n Betikn Tdon, oto KaAwdlo E- n yelwon , evw HETAly Twv
koAwSiwv STkat S~ AapBdvetat n petpolpevn Stadopd TAong, TOU AVTLOTOKEL otV pala
mou edappootnke otn Siatagn. Ta SUo cnupata kat n tpododocia odnyouvtal oTtnV TEALKN
TAQKETA, OTtoU enefepyalovrtal Kat tpododotolvtal, aviiotoLya.

3.1.3. EIIIIIEAO EIIEZEPTAXIAY XHMATOX

210 emninedo enefepyaciog onpatog Ba avaAubel To KUKAWHA EVIOXUONG KOL TO KUKAWLA TOU
ULKPOEAEYKTH.

3.1.3.1. KYKAQMA ENIXXYXHY

Onwcg avadépbnke oe MPONYOUHUEVO KEDAAALO O EVIOXUTNG TIOU XPNOLUOToOLNOnKe €xel
efiowon:

R, Ry
Voue = (14 22+ 222) Viws = Vin)
1 G
O8nywvtag to ofpa ST otnv eicodo V,y 4 kat to oApa S~ otnv eicodo V;y_, metuyaivovrat
TPELG oTOXOL TOUTOXpOova. MpwTtov, Ta SVo onuata adatpolvtal Kat N ££060G TOU €VLOYXUTN
Slvel Tnv tdon, Tou MPOKUTTEL amod thv edapuoyn palag oto cvotnua. AsUTepoV, HE TNV
adaipeon toug, n £€060¢ amalAdcosTaL oo Tov Kowo 00puBo TwV OPXLKWV CNUATWY, Kal
TO onpa TopopEvel «kaBapo». Tpitov, To TEAKO «kabapd» onpa, €VIOXUETAL ylol va
06nynOBel otnv elcodo tou ADC TOU WLKPOEAEYKTH], TIETUXALVOVTAC TNV 0pBn avayvwaon Tou.
H opbn avayvwon metuyaivetol OTAvV TO CAUO OTN UEYLOTN TLUA TOU KAAUTITEL OGO TO
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Suvatov nepLocotePo To eVpog avadopdg Tou ADC kaBwg Kal Otav n SLAKPLTLKA LKAVOTNTA
tou ADC Staxwpilel IKOVOTIOLNTLKA TO OHO O€ UIKPOU EUPOUG TUNUATA.

Y10 puALASLo mpobSiaypadwyv tou evioyutn (Mapdptnuoa A)divetal n e€iowon képdouc:

200k
G=5+

G
omou R n avtiotaon mou cuvdeetal ota pins 1 kat 8 tou INA122. Ftnv napovca gpyocia

Xpnotlormno0nke avtiotaon ovopaoTikng Tng 1.8kQ (petpoluevn 1.793kQ) popdrg SMD
kot pe footprint 0603.Emopuévwg, n amoAafn taong eivat:

=5 M = 116.54

G =5+ 17030 = 116

TéAhog, oto pin 5 tou INA122 cuvdéetal n €¢odoc tou buffer LM358 (pin 1), n omoia
Slopopdwvetal cuUGWVA LE TO TOPOKATW KUKAWMA (Zxnua 13):

5V LM358
mMa; [ 21 1_OuT
+
100kQ¢ 3

Ixnua 13. KbkAwpa Buffer LM358

210 pin 3 tou LM358 amnd to Sialpétn taong ¢pravouv 0.455V. Kabwe, o evioxutng ival
ouvbebepévocg yla va apéxel povadiaio k€pdog (unity gain), otnv €€0d0 tou Sivel Kat TIAAL
0.455V. OL avTtLoTtAaoelg mou xpnotpomoldnkav eival twv 1MQ kat 100kQ, SMD kat €xouv
footprint 0603.

H tdon, Aoutov, mou ¢tavel oto pin 5 tou INA122, mpootiBetal otnv tdon €£66ou tou. H
Xpnowotnta tng tdong avadopdg, onwe ovopdletal, daivetal otnv eicodo tou ADC,
KoOwg, ekel SleukoAUvel TNV SLAKPLON TWV UIKPWV onuatwy, aAAd kat otnv dta  tnv
enefepyacio Tov onpotog Kabwg anmaldooel To onpa anod tov 66pufo.

3.1.3.2. KYKAQMA WH®PIOINIOIHXHY KAI ANAAYXHY YXHMATOX

Mo tnv ava@Aucon Tou GrUaTog XpnoLlomnotnonke o pikposleyktng PIC18F25K80. Anapaitnta
otolxeia yla tTnv 0pBn Asttoupyia TOU UIKPOEAEYKTH €lval n Xpon TIUKVWTWY OTa pins mou
UTIOSELKVUEL TO TEXVIKO PUANGSLO. EMopévwg, ota pins 6 Kal 8 cuvSéetal mukvwtAc 10uF yia
v otabepomnoinon Tou ecwteplkol regulator Tou pIKPoeAeyYKTH, evw ota pins 19 kat 20
ouvbéetal mMukvwtn¢ amoouleuéng (decoupling capacitor) 0.1pF. Ot Vo TMUKVWTEG eival
Kepaptkol, SMD kat £xouv footprint 0805.

O ULKPOEAEYKTAG TOPEXEL TN SUVATOTNTA TTPOYPOUHUATIONOU TOU eVw BPIloKeTOL MAVW OTO
KOUKAwpa (in-circuit debugger-programmer), péow 600 onudtwv, tou PGC/RB6 Kot
PGD/RB7,pins 27 kat 28,avtiotowa. Eniong, xpnolpomnotouvtal ol ypappeg Tdone, Yelwong
kat /MCLR (Master Clear)-pinl,to omoio Siaypddel oAkd Kol EMOVAPEPEL OTIC APXLKEC
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puBuioelg (default) tov pikpoeleyktn (reset). Ma to Adyo autd, mMpoteivetal amd tov
Kotaokevaotr, otav to /MCLR, xpnolpomoleital otov in- circuit TMPOypaUUATIONO va
oKkoAoUBEl To KUKAWA Tou Zxrpatog 14 (FIGURE 2-2.):

VDD
R1
R2
MCLR
JP PIC18FXXKXX
% C1

IxAua 14. NMpotewvopevo KukAwpa /MCLR Mikpogleykth

O TIUKVWTAG TIPOTELVETAL VLA XELPOKIVNTO reset TOU PLKPOEAEYKTH, YL QUTO OTO KUKAWUA TNG
gpyaoiag mapoaAeinetal. Oco avadopd TIC AVIIOTACELS, Xpnotlporowndnkav SMD e
footprint 0603, kaL TipéG n R1 10kQ evw n R2 100Q.

Ta mévte, Aoumov, onpata odnyouvtal o€ pla aKIO0OEPA, YUE Ospd and tn BOéon éva
npog tn Béon mévte, /MCLR,tdon, yeiwon,PGD, PGC, avtictolya. H oslpd opiletal and to
NAEKTPOVIKO OTOLXElO TIOU €KTEAEL TOV TMPOYPOUUATIONO, TO omoio Ba peletndel oTig
edappoyég vlomoinonc.

Ta oAuata, mou 6£xetal o ADC ywa va Pndlomotnoel, eivat oto pin 3/AN1 tnv tdon
avadopag, oto pin 4/AN2 tnv €€060 Tou evioxuth, SnAadn tn pétpnon, kaL otov pin 2/ANO
™ yeiwon.

TENOG, TPl pins TOU HUKPOEAEYKTH XPNOLLOTIOLOUVTAL VIO VA ETILKOWVWVEL KOl Vo EAEYXEL TO
GSM. H emkowwvia mpayupatomoleital oslplakd péow tng ESUART  povadag, mou
Xpnotporolet to pin 17/RC6 w¢ mopmno-TX1 kat to pin 18/RC7 wg déktn-RX1. To pin 16/RC5
oényeital oe e8ko6 pin Tou GSM, to omoio ovopadletal Ignition Line kat Ba mapouclaotel
napakatw. Ta Tpla autd onpata pall pe tnv tpododooia (tdon kat yelwon) cuvdéovtal oe
aKLS0oELPA KAl HEOW KOAWSIwV PTAvouV oTLG aKLO0OELPES TNG TAOKETOC Siemens.

3.1.4. EHNIITEAO AITOXTOAHX IAHPO®OPIAX

OL 8Lo.o0uvEEaeLg oL amoltouVTaL Yo va Aettoupynost To GSM eivat amAég (Ewova 10.).

o TNV oswplakn entkowvwvio cuvdéovtal to pin RX1 pe to RXDO tou GSM, kot to TX1 pe
to TXDO. H oUvéeon yivetal cUpdwva pe to GuAdadio tou TC35, OMOU CHUELWVETOL OTL
Aewtoupyel wg DCE (Data Communications Equipment). Mpokettat, Aoutdv, ya aclyxpovn
OElpLOKN eTiIKOWVWVia, RS-232, ue akolouBia 8 bits dedopévwy, xwpic parity bit kot éva bit
TEPUATLOMOU (stop bit).And To peydho eUpog pubuwyv petadoong, mou unootnpilel to TC35,
emAEXOnkav ta 9600bps.

Eniong, to TC35, unootnpilel Sltadopeg KATAOTAOCELG AsLToupyiag. ITnv mapoloa epyaacia
xpnowomnowBnkav n TALK kat n Power Down. Ztnv TALK n povada Bploketal oe mARpN
Aewtoupyla kat umopel va oteldel kat va AdPel dedopéva, evw otnv Power Down eivat
OUTEVEPYOTIOLNEVO TO AOYLOULKO Kal ampoorélaotn n RS-232. Qotooo, n Power Down eival
N KATAOoTOON XAUNAOTEPNG KATOVAAWONG EVEPYELOG KAl N BaOLK KOTAoTAon Agltoupyiag
tou TC35, otnv epyoocia. Emopévwg, Otav amatteltal n amootoAn tng mAnpodoplag, n
gvepyornoinon tng katdotaong TALK, yivetal otélvovtag £€vav maApo oto pin Ignition. O
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TMAAROC €xet TAdto¢ 10ms HIGH-100ms LOW, kat otéAvetol omd to pin 16/RC5 tou
MLKPOEAEYKTH.

T€Aog, n mAakéta Siemens tpododoteital pe +5V amnod tnv KUpLa TAOKETA, HECW KaAwdiou
TIou cuvdEetal otnv untodoyn tpododooiag (adaptor).

‘ At a3

Ewova 10. Alaouvécslq NAakétag TC35

3.2. EPAPMOTI'EX YAOIIOIHXHX

210 umokepaAalo Twv edpapuoywv uAomoinong Ba MAPOUCLACTOUV KOTA OElpd T
TPOYPAUUATA OXeSLOOUOU TNG MAAKETAG, N €UdAVION Kol GUYKOAANGON TwV €apTNUATWY
NG, T TPOYPAUUATO OAVATITUENG TOU AOYLOKLKOU KOL I GUCKEUH TIPOYPAUUATIOHOU.

3.2.1. Multisim 11.0

Apxikd to KUKAwpa oxedidotnke oto Multisim 11.0 tng National Instruments. Ta
g€aptuata mou unnpxav SlabEoiua oTo MPOYPOUKA ATV OL AVILOTACELG, Ol TIUKVWTEG, Ol
6lobdol, oL otaBepomointég, kat o evioxutng INA122. O NE555,0 evioxutng LM358 kat o
pikpoeAeyktrc PIC18F25K80 oxedldotnkav oOTo TPOYPOUHA. TO TEAKO KUKAWMO OMWG
oxeblaotnke oto Multisim 11.0 epdavietat oto IxAua 15..

KaBe e€aptnua otig 18LOTNTEG Tou TtepLEXEL TNV Kaptéla Value, skei Sivetal n duvatdtnta
£TIAOYNG TOU amotunwpatog tou ( Edit Footprint). Ztnv nepimtwon mou dgv umdpxel eUKoAa
dnuloupyeital oto mpoypappa Ultiboard 11.0, to omoio Ba mapouoiaotel apéowg Petd. lNa
TI¢ avtiotaoelg emhéxOnke to footprint Chip-RO805 , yia tig S1066oug toug DO-35 kat yla
toug regulators to TO-220. lNa toug¢ SMD mukvwtég to Chip-C1206, evw yla toug THD t0
CAPR254-381X254X53. O evioyutrg INA122 £xeL footprint PDIP-8. lNa ta ototyeia NE5S55,
LM358 kat yia tov PIC18F25K80 oxebiaotnkayv ta footprints oto Ultiboard 11.0.

Ta kaAwdia anod tn tpododooia, to GSM kat to  PICkit3 cuvdéovtal oe akISOOEIPEC UE
footprint HDR1x3, HDR1x5 katL HDR1x5, avtictowxo. Ta ofuato omd tn Sdtaln twv
alobntpwv cuvbéovtal o pads, Ta onola oxedidotnkav kat auta oto Ultiboard 11.0.

Me tnv tomoBétnon twv otolelwv, tnv emhoyn footprints kot tnv Snuoupyla twv

ouvbéocwv, To KUKAwpO €lval €tolpo. To emopevo BApa eival n petadopd TOU OTO
Ultiboard, 6mou kat oxedtaletal n MAOKETA.
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3.2.2. Ultiboard 11.0

H petadopd tou KukAwpatog amd to Multisim 11.0 oto Ultiboard 11.0 , €xel wg
amotéAeopa tn Onuloupyia tou Net List, to omoio umodelkvUel TIG OUVSECEL TIOU
amattouvtal Petafl Twv efoptnuatwy. Emopévwg, n oxediacn tng MAOKETOCG yivetal pe
€UKOAO TPOMO. H TAQKETA OTNV Mopouca epyacio oxedldotnke otnv Top HEPLA Kol glvot

novng ong.

ApXIKQ, TakTomolnOnkav ta otolxeia. Ta SMD napépelvav otnv Top UEPLA TNC TIAAKETOG ,
evw ta THD otnv Bottom. Emewta, oxedidotnkav, pe xprnon tou Copper Top, oL Spopotl
xaAkoU (nets) pe mAdtog (width) 21mil kat Sidakevo (clearance) 18mil. Me tnv oAokArpwon
™Tn¢ oxeblaong twv dpopwv tomobeteital to Power Plate, To omoio cuvd£BnKe pe T yelwaon,
yla TNV KaAUTEPN LOVWON TNG TTAQKETOC.

H teAkn popdn tng mAakEtac ¢paivetal oto Ixnua 16..
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3.2.3. EM®ANIXH IIAAKETAX KAI KOAAHXH EEAPTHMATQN

H euddvion tou KukAwpatog €ywve o dwtosuaiobntn mAakeéta povhg oPng. Apxikd, To
KUKAWPO ektumwBnke oe Sladavela amnd laser ektunwrth. Emetta, odolpednke TO
TPOOTATEVUTIKO KAAUMHO omd TNV TAOKETO Kal TOmoBetndnke mavw n Swaddvela
TIPOOEKTIKA, WOTE VO HNV UTIAPXEL KEVO HETAEU MAAKETOC Kol StadAavelag, yla va pnv
SnuoupynBolv oKLEG.

H mhakéta ¢wtofoAnbnke yia 2 Aemta pe Adumeg UV kot petd, adou adalpebnke n
Sladadvela, Bubiotnke oe  USOTIKO SLGAUPO KOUOTIKAG 006a¢ yla TV €uddvion Tou
KUKAWMOTOG. XTNV OUuvéxela, adol EemAuBnke pe vepo, TtomobBetBnke oe SldAupo
akouadopte (KUPLO cuCTATIKO USPOXAWPLKO 0EV) Kal TEPLVIPOA yla TV amoxdAkwaon. Me
™V oAokANpwon tng anoxaAkwaonc, EEMAUONKe kaAd pe ddBovo vepo, dpwtoBoAndnke yia 2
Aemtd Kot tomoBetnOnke o SLAAUMA KAUOTLKAC 00dag Kol TaAL, yia tTnv adaipeon tou
uTtoAoLou pwrtosuaicdbnTtou A, TEAog, n MAakeTa BubBiotnke og SLAAULO KAOGITEPOUL yla
TNV nMpootacia Tng MAAKETAG Ao thv ofsidwon.

21O EMOWPEVO OTASLO, N MAAKETA TPUTNONKE Kol Eekivnoe n cUYKOAANON TWV €aPTNUATWY,
MPWTA Ao TG SMD kot Hetd amno tig THD.

Jtnv Ewova 11. ¢aivetal n mMAAKETA HETA TNV OAOKARPWGON TS ELdAvIong Kal otnv Ewova
12. n mavw Kot KATw oY g, LETA TNV OAOKANPWON TNG CUYKOAANONG TWV £0PTNUATWVY.

cleagae . *

Ewova 11. TeAwkn MAakéta Meta tnv Epdavion
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Ewova 12. TeAwr MAakéto OAokAnpwévn

3.2.4. TEAIKH KATAXKEYH

H oAokARpwaon TG KATAOKEUNG TIPAYUOTOTOLETAL e TNV OUVEEDN OAWYV TWV OTOLXELWV.

H Tuyapld pe Toug TECOEPLG aLoBNTAPEG KAl TO KATAKL CUVAPUOAOyoUVTOL Kol Ta KaAwdia
and Ta onpara Kal tv tpododooia odnyouvtal oto TeEAkO kouti. H teAkn popdn tng
{uyoplag daivetol otnv Ewkova 13..

Ewova 13. TeAwky Mopdn Zuotipatog AtoOntripwv

270 TEALKO KOUTL Bldwvovtal Kat KoOAALoUVTAL N TAQKETA LIE TOV ULKPOEAEYKTH, N TIAQAKETA UE
to TC35,n Kkepaia, oL BAKeC Twv pmataplwy Kot o Stakdmtng. Ot Ewkoveg 14. éwg 17. Ssixvouv
TNV mopeia cuvappoAdynong Tou KoUTLoU.
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Ewdva 15. ToroB£tnon MAakétag TC35 ,Kepaiag, MAakétag MikpogAeyktn
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Ewkova 16. TortoB£tnon Atakorntn ko Onkwv Mratapiog
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Ewova 17. TeAwkr Kataokeun

3.2.5. MPLAB IDE 8.92 - CCS v5.008 - PICKit3

To MPLAB IDE 8.92 kat o compiler CCS v5.008 tng Microchip xpnoilomnotnbnkav yia thy
vAormoinon Tou MPOYPAUMATOC, TNV UETOYAWTTLON Kal TNV anocdaAudtwaon, evw o PICkit3,
™G Microchip, ylwa Tov mpoypaupatiopd Tou uikpogAeykth. H yAwooa ypadng tou
mpoypappartoc ival n uPnlou enunédou C.

MPOYPOUUATIOTIKA €YVaV Ol PUBUIOELS AslToUpYLOG TOU HIKPOEAEYKTH Kot Tou GSM. Ot
Baolkeg pubpuioelg avadpEpovtal MApAKATW.

ApXLKA, ETUAEXONKE O LLKPOEAEYKTNG VO AELTOUPYEL UE ECWTEPIKO KPUOTAAAO KL EMELTA
eTUAEXONKE N cuxvotnTa Asttoupyiag tou ota 4MHz.
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Oco avadopd tov ADC, 6nAwbnke n Aettoupyia touv pe 12 bit, opiotnke n Vyery oT0
Vpp kaL n Vyer_ oto Vg, obpdwva pe to Errata yia tov ADC twv 12-bit (BA. MAPAPTHMA
A). Emlong, SnAwBnkav 6tL oL akpodékteg 2,3 kat 4 (ANO,AN1, AN2) TOU MIKPOEAEYKTN
Aewtoupyolv w¢ avaloylkég eioobol. ZUpdwva pe tov mivaka 23-1 tou ¢uAhadiou
npodlaypadwy, OTAV XPNOLLOTIOLETAL O ECWTEPLIKOG KpUOTOANOG, N Teplodog Typ elvatl
nepinmou 4ps. Emopévwg, opiletat o Xpovog Metatpomnrc (Conversion Time), va eival
Sexkae§amAdolog tng meplodou Typ, Yl va yivETAL CWOTA N PETATPOT. TNV UTIOCNELWON
(2), onuewwvetal Tw¢ ywa ouxvotnta peyoAutepn tou 1KHz, otav xpnoigomoleital o
E0WTEPLKOC KPUOTAAANOG, TIPETIEL O LIKPOEAEYKTNAG va BploKeTal oTnV Katdotaon sleep yla va
VIVEL N peTaTpormh xwpig AdBn, dpa oto mpoypappa mou avartuxonke (BA. MAPAPTHMA B),
akoAouBeital n Stadikaoia.

Mo TNV CELPLOKN EMLKOWVWVIO oploTnke 0 puBbudc petadoong ota 9600 bps, o aplBUOS Twv
bits 8, xwpig Parity bit kot 6tL To kavaAL PIN_C6 (akpodéktng 17) Asttoupyel wg amooToAfag,
evw to PIN_C7 (akpodéktng 18) Aettoupyel wg S£KTNG.

Ocov avadopd OTNV KOTAOTOON AETOUPYLOC TOU MIKPOEAEYKTH, ouTh eA€yxetal
TIPOYPOUUATIOTIKA péow Tou WDT. EMAEXONKE n ouokeun va amootéAAel Suo pnvouota
NUEPNOLWG Kal TNV UTOAoLTtn wpa va Bploketal otnv kataotaon sleep, SnAadn n amoktnon
KOlL N AmOCTOAN TG HETPNONG Yivetal ava dwdeka wpeg. H nmepiodog tou WDT eivat 4ms, n
orola moMamAactdletal pe thv Tipn 1048576 tou postscaler, kat Sivel 4194.304s, nhadn
neplmou pia wpa. AnAadn, o WDT petpd mepimou pila wpa aAAGlel TNV KATAOTAON
AeLtoupylag Tou HLKPOEAEYKTH O€ run kal tn dwdékatn popd evepyomoleital n dtadikaoia
QITOKTNONG KOl AMOOTOANG TNG LETPNONG .

H napouoiaon kat avaluch Tou mpoypaupatog yivetat oto Mapdptnua B.

AVOAUTLKG, YLO. TOV TIPOYPAULATIOUO TOU HLKPOEAEYKTH, OTIWG avadEpOnke otnv mapaypado
3.1.3.2, o PICk it 3 ypnowuorolei ta orpata /MCLR, PGC (Program Clock) kat PGD (Program
Data) kaBwg Kal TG YPAUUES TAONG Kal yelwong. Xtnv Ewova 18. daivetal o PICkit3 kal n
OElpd TWV ONUATWV OTIC UToSoXEC Tou. Aleukplviletol Tmwe to onua PGM, mou
XPNOLUOTIOLELTAL YLa XOUNANG TAONG TPOYPOUHATIONO, Sev cuvbéeTal. H ouvdeon tou PICK it
3 ue Tov umoloyloth yivetal péow BUpag USB, omweg daivetal otnv Ewkova 19., n omoia
anoteAel avamapaoTacn MPOYPAUATIONOU TOU ULIKPOEAEYKTN).

- Pin 1 Indicator
’:" Pin Description®
[ [ 1 = MCLR/VPP
Eji" 2 = VDD Target
i 3 = Vss (ground)
:_Jz 4 = PGD (ICSPDAT)
/ 5 = PGC (ICSPCLK)
6 = PGM (LVP)

Ewova 18. PICk it 3
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Ewova 19. Avarnapdoctacn Mpoypappatiopot Mikpogheykti péow tou PICk it 3
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4.METPHXEIX KAI ANAAYXH

4.1. BAOMONOMHZXH AIXOHTHPQN V=f(m)

310 21ddo 1 tng mapoloag epyaciag n duvaun tng ebapuolopevng Palog LETATPEMETAL
HEOW TWV aAoBNTAPpWV o NAEKTPLKO onpa (tdon). O 6ToX0C TNG Epyaciag eival n amooTtoAn
HEOow SMS tng TUAG TNG edappolopevng palog kat yia va emitevyBel Ba mpémel va Ppebel
pLa ox€on Tou va ouvSEeL TNV Taon €€060ou Tou cuothpatog twv awedntipwy (Viys: — Vin-)
UE TNV epappolopevn pala (m).

EMouévwe, oto cuoTnua Twv alodntipwv sdpapuootnkov pAleg Pe yvwotn Twun (m) kot
petpnbnke n e§epxduevn taon tou ocuothpatog (V = Viyy —Viy—). OL pdleg mou
xpnotpomnotnbnkav ntav npotuna palwv twv 0.100 kg, 0.200 kg, 0.500 kg kat 1.000kg kot
QavTIKelpeva, N pala Twv onolwv PeTpidnke pe tnv {uyapltd PW 5644 FA (Ewova 20.).

Ewkova 20. Zuyapld PW 5644 FA

H oelpd Twv petprioswv mapouotaletal otov Mivaka?..

H enefepyaoia twv petprioewv €ywve oto Excel tng Microsoft , émou kal oxedldotnke n
KOUTUAN. TNV KOUMUAN TPOOTEBNKE N ypauun TAong Kal spdaviotnke n efiocwon tou
ypodrpotog. ¥to IxAua 17., Aowutdyv, epdaviletol n ypadikn mapaoctacn tg t@ong e€66ou
TOU CUOTAMATOC TWV alobntripwyv ocuvaptnosl Tng edappuolopevng palog. H kaumuAn, onwg
datveral, eival ypoppkn kat n e€ilowaon mou cuvdéel ta SUo peyedn sivat:

V =0.0622*m + 0.5401

Omou n tdon V petpatal oe mV kat n pala os kg.
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V (mV)

v=f(m)

V=0,0622m + 0,5401

* V(mv)

— Mpappkn (V(mV))

20

40

60 80
m (kg)

100

120

Ixnua 17. Frpadkn Napdaotacn V = f(m)
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Nivakag 7. Metpriosig Malag-Taong E§68ou Zuotriparog AloOntripwv

V (mV)
1,173
1,179
1,187
1,192
1,199
1,205
1,21
1,217
1,223
1,276
1,285
1,395
1,403
1,522
1,544
1,661
1,696
1,815
1,857
1,97
2,015
2,134
2,176
2,296
2,302
2,387
2,392
2,492

WCC Vv (mVY)
63,2 4,454
88,3 6,02
107,1 7,207

m (kg) )

o [T so0
0,100 3,107
0200 RN 3207
0,300 3,307
0,400 3,407
0500 [l 3507
0,600 3,607
0700 [N 3707
0,800 3,807
0900 [ 3007
1,00 4,269
1,100 [ERIN 4369
1,200 4,469
1300 [ECR <569
1,400 4,669
1500 [Tl <769
1.600 KRR 4869
1,700 4,969
1,800 [ 5069
1,000 IR 5169
2007 [ 5260
2107 [ 5360
2207 KRR 5460
2307 [JEIERR 5569
2407 [T 5060
2507 S 5769
2607 KRG 560
2707 | KGRI 5960
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4.2. BAOMONOMHEH ENIZXYEHE V,,, = f(V,x)

210 otadlo dUo NG epyaciog , n €€060G TOU CUCTANATOC TWV ALoONTAPWY odnyeital otov
gvioyuth. Mpokelpévou va eleyxbel n otabepotnta TG evioxuong mpoaypatonolnonkayv
METPNOELG LETAEL TG Sladoplkig taong eloddou tou evioxuth (Viyy — Vin— = Viy) kot tng
tdong e§6dou tou (Ve = Vo — Vier).

Re| 1| © 8 |Rg
Vin | 2 7 |Vv+
V. INA122
Vil 3 6 | Vg
1“O‘IUUT
V- 4 5 | Ref

Ewova 21. Métpnon Taong Eloodou kauw E§680ou Evioyutni

H Swadoplkn tdon €L0060U TOU EVIOXUTH TPOKUMTEL amd tnv edpoappoyn paloag oto
cuotnua twv awobntpwyv. OL petpnoelg mapoucialovral otov Mivaka 8. kal n ypadikn
napactacn oto IxAua 18., Onwcg TPoKUTITEL amd To Tpoypappa Excel tng Microsoft.
Epdavwe, n oxeon mou cuvdeeL ta Vo peyedn (Viy, Voyue) €lvat ypappikn kot eival n €€ng:

Vour = 116.64 x V;y + 14.324
omou n Viy kaun V,,: HETPOUVTAL OE MV.

Onwc ¢paivetal, Aowmov, to kEPSog Tou evioxutn sivat 116.64, To omoio amokAivel eAdylota
oo tn Bewpntkn TN Twv 116.54. Qotodo0o, UTIAPXEL Eva oPAAPA OTNV PETPNON TG TAENG
Twv 14.324 mV, 10 onoio dev pnopel va ayvonBei. KabBwg, n tdon mou obnyeital otov ADC
Tou pikpoeleykth glval n V,,: , 0o adatpeital mpoypappatiotikd to oAU WoTeE va
SlopBwvetal N pétpnon cUpdwva Pe TNV KauruAn Ttng evioxuong (BA. Napdptnua B).
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Vo (MV)

900
800
700
600
500
400
300
200
100

Vour = f(Viy)

ad

e

V. = 116,64V, + 14,324

e

¢ Vout(mV)

—— Mpapuikn (Vout(mV))

Vi (mV)

IxAua 18. Nrpadkn Napdotacn Vour = f(Vin)
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Nivakag 8. Metpriosig Taosig Eloddou Evioyuth- Taoelg EE660v Evioxuth
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4.3. METPHXEIX

JKOTOC TNG EPYAOLOC EVOL N ATTOOTOAR TNG TG TNG HAlog, N omola elval TomoBeTnUévn
TAVW OTO cUoTNua Twv aledntipwv (luyapld), péow TnG umnpecioag SMS, dUo dpopeg tnv
nuépa (ava dwdeka wpeg). Mpokelpévou va AndBolv oL LETPROELS, TO TPOYPOUUA TOU
ULKPOEAEYKTN) TPOCOAPUOCTNKE wote N Sladkaoia HETPNONG Kal amootoAng SMS, va
eMavaAapBAveETAL Ava TPLAVTO AEMTA TTEPLTOU.

Eniong, padl pe tnv PETpOUUEVN OUVOALKN HAla omooTEAAETAL Lol HeTaPfAnT, ULE TNV
ovopaoia Stadopd, o onoia avtiotolxel otnv emumAéov pala mou MPooTEBNKeE 0To cUoTNUA
omo TNy TeAevTaia pétpnon.

OL PETPNOELG EEKVOUV HE UNSEVIKN apXLkn HAla Kol Emelta mpootiBevral UAleg oL omoieg
elte €xouv Luylotel otnv Luyapld PW 5644 FA (Ewova 20.) elte amoteAouv mpotuma pLalwv.

Ytov Mivaka 9., N cuvoAlkn pala Tou cuotnuotog Sivetal otn othAn ZuvoAikr, n pala mou
npootiBetal KABe Ppopd oto cuotnua Sivetal amnd tn petaBAntr MpPooTIOEUEVN, OL TLUEG TTOU
Aappavovtat pe SMS divovtat otnv otAn Métpnon kat Atadopd, avtiototya. No onpelwOet
TIWC LETA TNV TpoaBnkn twv 0,200 kg Kat tnv oAokApwaon TNG LETPNoNG, N wala adoatpeital
amnod tn Slatagn Kat n véa pala npootiBetal otnv mponyoupevn Twy 0,200kg Tiun. Mia oslpd
oo €lKOVEG MOPOUCLATEL TN TTOPELD TOU MELPAUATOC.

Ztov Mivaka 10. mapoucialovtal ol Stadopeg Twv palwv mou oTéAvovtal e SMS kat
OUTWV TIOU TOTIOBETOUVTOL TTAVW OTO cUOTNUA TWV OLEONTHPWY, WOTE VA TTAPOUCLOOTEL N
OTOKALON TWV TLWV.

To apvnTtikd mpoonuo otov Mivaka 9. SnAwvel tnv adaipeon Lalag and to cUCTNU TWV
alobntpwy, evw otov Mivaka 10. kabwg €xoupe Siadopég peyebwv, maipvoupe tnv
QIOAUTN TLUA.

Edappolopevn Mala (kg) Maga SMS (kg)

0,20 0,16
0,00 0,00
0,20 -0,16

Nivakag 9. Metproslg Netpdpatog



I A

0,26 0,01
— —
I
0,04
0,00
0,04
0,00
0,36
0,39

MNivakag 10. AntokAion Malwv

Katd tnv Oldpkela TOU TMEPAUATOC TPOYUATONOONKaY HeTPAOELS {Uyong palwv,
OUVOALKAG KoL TTPOOTLOEUEVNG, KABWG KOl EMAVAANTITLKEG UETPNOELS, PE TRV 1Sl pala oto
cuoTnua, yla va pehetnBel to katd mdéoo opBa AelToupyel N KATACKEUN.

‘0co avadopd, Tn HETPNON TNS OAKNG Halag Tou eival TomoBetnuévn mavw otn JuyopLd,
napatnpeltal éva €0pog oto opAAPA TNG UETPNONG, To omoio fekwael amo 0.27kg €wg
0.84kg (Mivakag 10. - ZTAAN: |Métpnon - ZuvoAikn M.| (kg)).. Mo ocuykekpluéva, 660 O
pLkpn €ival n pala mpog {Uylon TOo0 Mo UIKPO elval To oddaipa tng HEtpnong SnAadn to
oddApa auvdavel pe tnv avénon tng palog Qotooo, umapxeL n Hétpnon Twy 28.30kg, 6mou
0 odpdlpa sival spdavwg oxetikd Ukpo (0.24kg),aAAd mpoépyxetal amod umotBéuevn
adaipeon palag and 1o cLOTNUA, OTOTE KAl SIKOLOAOYELTOL. Z€ YEVIKEC YPOUUMES TO OhAApa
TOU cuoTtnpoTog akoAouBel avodikn Topeia.

OL tpeig emavaAnmukég PeTpnoelg €ywvav ota 19.20 kg, 19.40 kg kat 28.10 kg, pe tig¢ dvo
televtaieg va mapouolalouv aplota amoteAéopata emavalnPLluotntog. AvaluTikd, otnv
gnavaAnmtiky pétpnon twv 19.20 kg, n Swodkacia £6eie otnv emavaAndn  Twg
npootédnkav 0.16 kg, kat odrynoe oe ouvoAko odpdaApa pétpnong 0.59 kg. AvtiBeta, otnv
pETpnon Twv 19.40 kg kat Twv 28.10 kg, n emavoAnmtiki HETpnon £6el€e TNV 18La GUVOALKN
MéEtpnon, 19.96 kg kat 28.71kg,avtiotoya, kat undevikn Aladopa (0.00 kg), Statnpwvtag To
oddApa tne pétpnong ota 0.56 kg kat 0.61 kg, avtiotolywe.

‘Oco avadopd tnv ITAAN: Aladopd tou Mivaka 9., n omoia amodidel tnv pala mou
npootébnke otn Sdtagn, mapoucldlsl LKAvVOToLNTIKA aroteAéopota. To eUpog Tou
odaApatog Eekva amd 0.00 kg €wg 0.39 kg (Mivakag 10. — ZtNAn: |Atadopd - MpootiBépevn
M.| (kg)), Ta omola katd kUpLo Adyo Bpiokovtal katw amno 0,16 kg.

OLnapakatw Ewkoveg (21. €wg kat 23.) eAfidOnoav Katd tn SLAPKELA TOU TIELPAUATOG,.
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Ewova 22. Zoyion Malwv

Ewkéva 23. ToroB£tnon 18.40 kg
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Ewkdva 24. ToroB£tnon 28.10 kg

Ta punvopata mou eAndpObnoav mapoucidlovtal otnv Ewkéva 24. Na onuelwbel mwg to

nelpapa Eekivnoe pe undevikn pala otn luyapld, n omoia Opwe dev Bplokotav o€ npeuia

KOTAL TNV QITOGTOAN TOU MIPWTOU UNVUUOTOG Kol KaBwg

artoiLteitat

XPOVOg

va

enavélBouv oL alocOntrpeg (creep), n mpwtn LETpnon twv 0,44kg, amoppidpBnke. EMopévweg,
n dtadopd -0.16kg NG mMpayuatikd mpwtng pETpnong odeiletal oe auth tn AavBaouévn

HéTpNnon.

+306981398375

METRISI: 0.44kg
DIAFORA: 0.44 kg
1218

METRISI: 0.27kg
DIAFORA: -0.16 kg
12:47

=

(_

()

()

L Diromm o5y
1315

()

()

)

METRISI: 19.62kg
DIAFORA: 9.75 kg
1344

METRISI: 19.79kg
DIAFORA: 0.16 kg
1413

METRISI: 19.96kg
DIAFORA: 0.16 kg

£’ Nnktpoloynate privupa

L W | < +306981398375

()
()

@ 2 Ninktpoioyrote prvupa

DIAFURA: U. 16 kg

METRISI: 19.96kg
DIAFORA: 0.00 kg
1510

METRISI: 28.71kg
DIAFORA: 8.74 kg
15:38

METRISI: 28.71kg
DIAFORA: 0.00 kg
16:07

METRISI: 28.54kg
DIAFORA: -0.16 kg
16:35

METRISI: 38.64kg
DIAFORA: 10.09 kg
17:04

@

Ewova 25. AndBévta Mnvupata
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4.4. ANAAYXH METPHXEQN

Onw¢ MoPoUCLACTNKE TAPATIAVW, OL PETPNOELG TNG OALKAG LATOG TOU cuoTAUATOS (ZTHAN:
Métpnon) epdavilouv peydAo kat avéavopevo adpaipa. Ot Adyol UTapEng Twv oPaApATWY
TIOLKIAOUV KOl TTAPOKATW TIAPOUCLATOVTAL KATIOLOL ATt 0UTOUC.

Katoapyxdg, yLa Tov UTIoAOYLOUO TNG KOUTTUANG Twv alobnthpwy, n omola xpnolpomnoleitat
yla TOV UTIOAOYLOUO TwV HalwV TPOYPOUUATIOTIKA, €YoV HETPHOEL UE MATEG, OL OTIOLES
{uylotnkav o nAektpovikn {uyapld, n onoia mpoodidel apAApa otn HETPNON TNG TAENS TWV
0.100kg. Emopévwg, £€va mMpwito oPAAUA OTOV UTIOAOYLOMO TNG OUVOALKNG Halag Tou
cuotiuatoc odelletal otic KAUMUAEG Babuovounonc.

H oUykplon twv THwV TG ITHANG METpnong yivetol pe HAleg oL omoieg PeTpRONKav Kal
OUTEC 0Tn NAsKTpOVIK Cuyapld, Kal 6ev amoteAolv Tpotuma. Emopévwg, UTApXEL TO
evdexOUEVO, N HAla TWV QVIIKELLEVWY TIOU UETPOUVTAL VA OTTOKALVEL QO TNV TTPAYUATIKN
T kota 0.100 kg. Apa, umdpxel opaApa otn HETPNON TNC MAOC TWV OVTLKELMEVWY TIOU
£\apav pEpog oto meipapa.

MeAetwvtag tn ItAAN: Awadopd, n omoia mpokUmtel and adaipson 00 cuvexOpevwy
UETPAOEWV TNC SLATAENG, KOl TAPATNPWVTAG MW TO €UPOG 0PAAUATWY TNG Elvol UIKPO,
o8nyeital KATOL0G 0TO CUUMEPACTHA TIWG N ATOKALON TWV TLLWV OTN GUVOALKA HLETPNON TNG
palag odeiletal og ocuoTNUATIKO 0dAAUA, TO omoio adalpeitol KATA TOV UTIOAOYLOUO TNG
Sladopadg. Anhadn, otn didtaln umapxel éva opalpa mou pootibetal os kAbe pétpnon.

H éxkBeon 1tng kataokeung oe BopuPfo elval évag mapdyovtog UMapéng AabBwv oTLg
MeTpRoelS. MapoTL, XpnolLomo|Onke HETAAALKO KOUTL ylat ThV BwpAKLon TwV NAEKTPOVIKWVY
otolxeiwv, daivetol mwg Sev ATav apketd. H Slaxelplon onpatwy pikpol MAGTOUG eival
SUoKoAN Kal amaltel aplotn BwpAKLoN TOU CUCTHMOTOG amo to B6pufo. Kabwg, o B6pufog
elval ouykplolog UE TO ONua, UTAPXEL Kivbuvog olyxuong tng MPayUaTikng METPNONG,
Slaitepa otav To onpa evioxvetol. MoAovoTl, To oo mpog HEtpnon eival Sladoplko, Kot
apa 0molog Kowog BopuPog adalpeital, otnv elcodo Tou UIKPOoeAEYKTN odnyeital Eva onua,
n evioxupévn Stadopd, mou eival ekteBepévn oto B6pufo.
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5. XYMIIEPAXMATA KAI ITIPOTAXEIX BEATIQXHY

5.1. XYMIIEPAXMATA

JKOTOC TNG MOPOUCAG €pyaciog NTOV N KATAOKEUN HLAG NAEKTPOVIKNG Juyopldg, TG
orolag n petpnon Ba AapPavotav €f amootdoswg. O okomog emteuxOnke, KaBwg
SnuoupynBnke éva clOTNUO AMOTEAOUUEVO aMd  aoBNTPEG, ULKPOEAEYKTH Kal povada
ouvbeong oto SIKTuo KWNTAC, To omola petpolv, emefepydlovial Kal amooTéEANOUV Ta
Sedopéva oTo KvNTO TNAEPWVO Tou XPNoTh, HEoWw TNG ultnpeatag SMS. Eniong, n ouvoAikn
KOTOOKEUN XOPAKTNPIZETAL OLKOVOULK) WC TPOC TO KOOTOG KATAOKEUNG TNG OAAQ Kol WG
T(POC TOV TPOTO ATMOOTOANG TNC MAnpodoplag. Qotdco, UTApPXOUV TIOAEC BEATIWOELG TTOU
Ba pmopoloav va yivouv, wote va auvénBbel n akpiBelo Twv HETPAOEWV KAl N EUMLOTOCUVN

OTNV T TG HETPNONG.

5.2.TIPOTAXEIX BEATIQXHX

Onwg kaBe diataln, pe Tov idlo TpoOMO Kal n mapovoa, mtpoodEpel meplBwpla BeAtiwong.
1. AMayn KukAwpatog Evioxuong

H enoyn Sladopetikol evioxutr, o omoiog Ba Asitoupyolos Oe XAUNAOTEPN KAl Un
OUMMETPIKN (dual) tdon, Ba eixe w¢ amotéAeopa TNV Xprion ALYOTEPWV NAEKTPOVLKWV
otolxelwv (Mm.X. KUKAWHA avaotpodrg MOAWONG) KAl EMOMEVWE XAUNAOTEPN KOTAVAAWON
EVEPYELOAG.

2. Emoyn Aladopetikng Movadag GSM

H mapoloo povada GSM, mapéxel otoleia Ta omoio dev xpnolgomolouvtal amo Thv
KOTAOKEUN, OTIWG N BUpa OELPLOKNAG EMIKOWVWVIaG D9 Kal oL EPLOCOTEPES AKIOEC TIpOTRATNG
ota pins. EMopévwe, n emthoyn SLadopeTikig povadag odnyel otnv eAATTWON TOU OYKOU TNG
TAQKETAC. AKOUN, N TAakéTa Siemens TC35 tpododoteitatl pe 5V DC, n omoia Ba propolios
va avikotaotafel pe pia povada, omou oL amaltioelg otnv tpododocia Ba Atav
XopUNAOTEPEC.

3. AMuayn Kukhwpatog Tpododoaiag

Ermudéyovtog SLadopeTikd KUKAWMA gvioxuong kalt GAAn povada GSM, Ba mpémel va
oAAa€eL kal to kKUKAwpa tpododooiac. Qotdoo, NdN N xprion Twv 9V w¢ tdon tpododoaciag
elval apketd peydAn Kal oL PUmotapieg, mou €xouv xpnotpomnolnBei, amoteAolv akoun va
npoBAnua otnv Stataén, kabwg npocsdidouv dyko.
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4. AneubBeiag KOAnon Ztoweiwv Ztn MAakéta

KaBwg n mAakéTa ATav SOKLUOOTIKN, N TOTMOBETNON TWV NAEKTPOVIKWY OTOLXELWV EYLVE OF
Bnkec. OL Brkeg mpoodidouv BOpuBo oTNV TMAAKETA KAl eV CUVELODEPOUV OTN CWOTH
Aewtoupyla Twv nAektpovikwyv otolxelwv. Mo to Adyo autd elval MPOTLHOTEPO va
anogevyBel n xprion Touc.

5. BeAtiwon Owpdkiong Kataokeung

Ma tnv dlacuvéeon TwV OTOLXELWV TNG KATAOKEUNG Xpnolpomnotibnkav amid koAwdila ta
omola 6ev mpooédepav Mpootacia Tou onpatog and tov 80pufo, OMwG Kol TO UETOAALKO
KouTi. ETMopévwe, TpoTelveTal N xprnon Bwpaklopévwy KaAwdiwv yla tTnv odnynon twv
ONUATWYV KaL Xprion KouTloL, TIoU VoL TIAPEXEL OTEYAVWON Kol Bwpakion.
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5.3. EIIIAOT'0OX

H g&€A&n tng texvoloyilag odrynoe otnv amoktnon kol enefepyacia Twv SeSopévwy pe
PndLako Tpomo, o onoiog eival MepLocOTEPO AECOG Kal eUKoAog otn Staxeiplon. Emiong, n
OVATITUEN TWV TNAETILKOWVWVLWYV £8WOE TN SuVATOTNTA OTO XPHOTN VO LIOPEL va aImoKTd, va
enetepyaletal kot Staxewpiletal ta Sedopéva €€ amootdacsw. OL SUo mapayovteg poll
oénynoav otnv &nuloupyla cuoTNUATWY, Ta omola AeltoupyolV AUTOVOUX, GUAAEyoUV
TANpodopleg Kal TIC amMOoTEAOUV OTO Xprotn 000 LOKPLA Kol oV BploKeTal, UE TO AT
£VOC KOuprLoL.

JKOMO¢ TnG epyaciag Ntav n avamtuén evog cuothuotog {Uylong Tou TAapEXEL TN
Suvatotnta TNAEUETPNONG, LKOWVOTIOLWVTOC Ta apandavw. To cuotnua {Uylong HETPA TV
oAwkn pala, mou edpapuoletal oto cuoTNUA, utoAoyilel TNV nmpootiBéuevn pala, cupudwva
UE TNV TeEAsuTaia HETPNON, KOL OIMOCTEAAEL TA ATIOTEAECUOTO LECW TNG UTtNPEeaiag SMS. To
cloTNUA TIou avamtuxOnke amoteleital and aledntipeg SUvapng, HKPoeAeykTAPIC Kat
povada GSM.

B£Bawa, To cuoTnua Asttoupyel amoSoTka yia LAleg HeyOAUTEPEG TwWV S€KA KIAWV, KABwWG
oL aLoBnTNPEC Mo xpnaotpomnolndnkav €xouv avoyr HEXPL Ta 50 kg. AladOopeTIKA, 0 XpPRoTNS
npémnel va Kataduyel o ANAEG AUOELC.

To olUoTnpa UMOPEL va OMOTEAECEL TUAMO HLOC YEVIKOTEPNC £dappoyng, Kabwg ot
TiepLoooOTePeC sloobol/£€odol Tou pikposgleykTr dev xpnotpomolndnkav. Emopévwe, pmopei
va KAAUTITEL Kal AAAEG LETPNOELG, LECW aLoBnTrpwy, OMW Beppokpaciag, mieong, vypaociag
K.QL .

Katd tnv avamtuén Tou CUCTALATOC OMOKTANONKE aPKETH yVWon o€ BEPATA ULKPOEAEYKTWY
PIC, omw¢ mpoypoppatiopds oe yAwooa C, HeAETn TeplPEPEOKWYV  HOVASWY TOU
MikpoeAeyktr, onwg ADC kat EUSART k.a.. Emiong, peAetBnkav oL TEAECTIKOL EVIOXUTEG,
Bfpato evépyelog Kol TPWTOKOAOU GSM. TE€Aog, amokTAONKe Ulo TMPWTN EUMELPLA OTN
Kotaokeun MAaketwv PCB kabwc kat otn Snuoupyia evdg oAokANPpWHEVOU GUGTHUOTOG.
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IIAPAPTHMA A - TEXNIKA ®YAAAAIA

1. L78S05CV

<71 L78S00
Y/ SERIES

2A POSITIVE VOLTAGE REGULATORS

DUTPUT CURRENT TO 2A

L[ ]
s OUTPUT VOLTAGES OF 5 7.5 9; 10; 12; 15;
18; 24% (6 ™,
« THERMAL OVERLCAD PROTECTION :
s SHORT CIRCUIT PROTECTION \Q/\
s OUTPUT TRANSITION SOA PROTECTION 2y %
DESCRIPTION \
The LTESDOD serkes of three-termina peosl e
req Ulators 15 awallable Im TO-220 and TO-2 TO-Z20

packages and with several fied output voltages,
making It wseful In a wide range of appiicatians.

These reguiabors can provide local on-card .
reguiation, eiminating the distrioution protlems P
aEsociated with single point regulation. Each type s

employs niemal cument lmiting, thermal
shut-gown and safe area protecton, making it
essentially Indestructinie. If adequate heat snking
I provided, they can deliver ower 2A output
current. Although designed prmarlly as fed TO-8
voltage reguiators, thess devices can be used

with extemnal components to oblain adjustable

voltages and curnents.

SCHEMATIC DIAGRAM

= = |

o8

Febnary 2003 124
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter® Value Unit
v, DC Input Voltage forVo=56t0 18V 35 v
forVp=24V 40
lg Output Current Internally Limited
Piot Power Dissipation Internally Limited
Tatg Storage Temperature Range -65 to 150 °C
T Operating Junction Temperature |for L78500 -55 10 150 °C
op Range for L78500C Oto 150

not implied.

Abszolute Maximum Ratings are those values beyond which damage to the device may occur. Functional operation under these condition is

L78S00 SERIES

ELECTRICAL CHARACTERISTICS OF L78S05 (refer to the test circuits, T; = 25°C, V=10V,
lo =500 mA, unless otherwise specified).

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Qutput Voltage 4.8 5 52 \%
Vg |Output Voltage lo=1A V=TV 475 5 5.25 V

AVg  |Line Requlation Vi=7Tto25V 100 mYy
Vi=8to25V 50

AVg | Load Regulation lp=20mAto 2 A 100 my

I Quiescent Current 8 mA

Aly Quiescent Current Change |lp =20mAto 1A 0.5 mA
lp=20mA V|=7to25V 1.3

AVp/AT |Qutput Voltage Drift lo=5mA  T,;=-55t0 150°C -1.1 mV/°C

eN QOutput Noise Voltage B =10 Hz to 100 KHz 40 uV
SVR | Supply Voltage Rejection f=120Hz 60 dB
Vi Dropout Voltage lo=1A \
Ro OQutput Resistance f=1KHz 17 med
lsc Short Circuit Current V=27V 500 mA
lscp | Short Circuit Peak Current 3 A

To mAnNpeg texvikd dulhadio Bploketal otn tevBuvon:

http://www.farnell.com/datasheets/76145.pdf
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http://www.farnell.com/datasheets/76145.pdf

1. Timer NE555

r-—lFmd.ncl: -}'!lgiﬂi 'H-cl'i'n::..‘5 x'ibds& Em
Texas
SLFEE-H -SEFTEMBER 1073 -REVISED SEPTEMEER 21174
¥x555 Precision Timers
1 Features 3 Description

= Tming From Micreseconds to Hours

» Astable or Monostable Operation

» Adjustable Duty Cycle

»  TTL-Compatible Output Can Sink or Sounce
Up to 200 m&

= On Products Comgpliant to MIL-PRF-2B535,
All Parameters Are Tested Unless Othenwise
Moted. On AN Other Products, Production
Processing Does Mot Mecessarily include
Testing of All Parameters.

2 Applications

» Fingerprint Biometrics
= [ris Biometrics

=  RFID Reader

These devices are precision timing circwits capable of
producing accurate tme delays or oscillation. In the
time-delay or mono-stable mode of operation, the
timed interval is controlled by a single extemal
resistor and capacitor network. In the a-stable mode
of operation, the frequency and duty cycle can be
controfled independently with two external resistors
and a single extemal capacitor.

The threshold and trigger levels nomally are two-
thirds and one-third, respectively. of V... These
lewels can be altered by use of the control-voltage
terminal. When the trigger input falls below the frigger
lewel, the fip-flop is set. and the output goes high. F
the trigger input is abowe the trigger level and the
threshold input is abowe the threshold level, the flip-
flop s reset and the owtput is low. The reset (RESET)
input can overmide all other inputs and can be used to
initiate @ new timing cycle. When RESET goes low,
the flip-flop is reset, and the owtput goes low. When
the output is low, a low-impedance path is prowded
betwesn discharge (DISCH) and ground.

The output circuit s capable of sinking or sourcing
cumment up to 200 mA. Operation is specified for

supplies of 5 W to 15 V. With a 5V supply, output
lewels are compatible with TTL inputs.

Device Information'
FART MUMEER | FACKAGE BODY 2IZE (NOM)
FDIF (2] 581 e E 635 mm
207 (8) 6.20 mm 2 530 mm
riSEs
TISOE (8 3.00 mem £ 4,40 mm
B0AC (B) 4.50 men X 3.9 mm

(1] For al awaliable packages, see the ordemble addendum af

ez end of the dataysheef

4 Simplified Schematic

=8
a1

Y

An IMPORTANT NOTICE at the end of this data sheet addresses avalablity, wamanty, changes, use In sxfety-rScal appiicabions,

% Inteliectunl property matiers and cfher Important dscialmers. PRODUCTION DATA.
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iy Texas
INSTRUMENTS

wanw . tl.com

NAGS5, NEESS, SAS65, SEBSS
SLF5022| —SEFTEMBER 1973—REVISED SEFTEMBER 2014

& Pin Configuration and Functions

NASSS...D OR P PACKAGE
NE355...0, P, PS, OR PW PACKAGE

SES55._FK PACHAGE

SA555...D OR P PACKAGE (TOPVIEW)
SE3S55...D, JG, OR P PACKAGE la’
[TOF VIEW] 25252
Lt
cTiln] | -] | KT NC
TRIG[] 2 7] DiscH TRIG
ouT[] 3 &[] THRES NE
RESET[] ¢ 5[] cONT auT
NG
QFEFQOEFEQ
=z % =
b Q
C — Mo internal connection
Pin Functions
PIN
NAME e FK U0 | DESCRIPTION
NO.
CONT 2 ) Controls comparator thresholds, Cutputs 203 VCC, allows bypass capacitor
connection
DISCH T T o Cpen collector oufput to discharge timing capacitor
GND i 2 - Ground
1,3, 4,88,
NC E‘_ 1'151.11% - Mo intemal connection
]
QuT ] 7 o High current timer output signal
RESET 4 10 Active low reset input forces cutput and discharge low.
THRES [i] 15 End of timing input. THRES = CONT sets output low and discharge low
TRIG 2 5 Start of timing input. TRIG < %% CONT sets cutput high and discharge open
Veo 8 20 - Inpat supply voltage, 4.5 V to 16 V. (SESSS maximam is 13 V)

7.1 Absolute Maximum Ratings!"
aver operating free-air temperature range (unless otherwise noted)

MIN MAX | UNIT
Vee Supply voltage@ 18 v
V| Input voltage | CONT, RESET, THRES, TRIG Vee v
la Qutput current *225 mA
O package a7
. ) P package a5
By Package thermal impedance #/'%! Chw
PS package 95
PW package 144
. 518} FK package 5.61
By Package thermal impedance /' “CIW
JG package 14.5
T, Operating virtual junction temperature 150 *C
Case temperature for 60 5 FK package 260 *C
Lead temperature 1,6 mm (1/16 in) from case for 60 s JG package 300 °C
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7.4 Electrical Characteristics

Voo =5 W i 15 WV, Ty = 25°C (unless othenwise noted)

MASSS
SE555 ME355
PARAMETER TEST CONDITIONS SA55S UNIT
MIN ¢ TYF MAX| MIN TYP MAX
Ve =15V 04 10 108 88 m 112
THRES voltage level = v
ee=6W 27 33 4] 24 33 a4z
THRES current'™ 30 250 30 280 na
V15 48 5 52 45 5 56
- = Ta=-55°C to 125°C 3 ]
TRIG voltage leve y 2= e 18| 11 o1& 22| "
w Ta = —E5°C to 125°C 1.0
TRIG current TRIG at0 W 05 08 05 HET
ENEE - ENCE 1
RESET woltage level — — v
To =—65°C to 125°C 1.1
RESET t RESET atVee 01 04 01 04 N
FumEn RESET at0V IR Y
DNSCH switch off-state a0 100 a0 ol na
camTent - -
DNSCH switch on-state -
voltage Ve =5V, Ig =B mA 015 04| v
_ 0& 0 104 ] 10
Vee =15V — -
CONT voltage Ta= C to 125°C ] 104 v
(open circuit) 22 33 3B 28 a3 4
Vee =5V
Ta=-55°C to 125°C 29 18
Ve =15V, lg = 10mA g1 o 01 0
Ta = —55°C to 125°C 02
B e = 50 04 05 04 075
s = e foL = s Ta = —55°C to 125°C i
2 23 2 25
Ve = 15V, Ig = 100 mA
Low-level output voltage == oL m Ta= *C to 125°C a7 v
Vez = 15V, Ig = 200 mA 25 25
Veo=5V, loL=35mA | Ta=-55°C to 125°C 035
01 02 01 035
Ve =5V, I =5 mA
Ta = —E5°C o 125°C 08
Ve =5V, I =B mA 015 025 015 04
Y e = 100 mA 13 133 1275 133
cem miwm e Ta=-55°C o 125°C 12
High-level output voltage [ Vieo = 15 W, lgg =200 mA 125 12.5 v
R 275 a3
Ve = 5V, lgs = —100 mA
Ta = —E5°C to 125°C 2
Voo =15V 10 12 10 15
Output low,. No load =
Voo =5V 3 5 E] &
Supply curent mé
Otout hec N o Vee =15V o 10 ] 13
wiput . o fos Vee=5W 2 4 2 5

(1) This parameter influences the maximum value of the timing resistors R, and Rg in the circuit of Figure 12. For example
when Ve = 5V, the maximum value is R = R, + Bg £ 3.4 MO, and for Vg = 15V, the maximem valee s 10 MO

To mANpeg texvikd dulhadio Bploketal otn StevBuvon:

http://www.ti.com/lit/ds/symlink/ne555.pdf
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LM7905CT

3 TEXAs
INSTRUMENTS LM7305, LMT912, LMT315
waw_i.com SHROEBOTC - JUNE 190 REVIBED BAY 3013
LM79XX Series 3-Terminal Negative Regulators
Cheok for 3amplsc: LMTB0E, LETEZ, LMTEIE
FEATURES

*  Thermal, Short Circuit and S5afe Area
Protection

* High Ripple Rejection
*  1.5A Output Current
* 4% Tolerance on Presat Qutput Voltage

DESCRIPTION

The LMTFEXX senes of 3-terminal regulators is
available with fixed output woltages of -5V, 12V, and
-15VW. These devices need only one external
component—a compensation capacitor at the output.
The LMTEXX series is packaged in the TO-Z20 power
package and is capable of supplying 1.54 of output
current.

These regulators employ intemnal current limiting safe
area protection and thermal shutdown for protecton
against virbually all overioad condibions.

Low ground pin cament of the LM7EXCK senes allows
output voltage to be easily boosted above the preset
value with a resistor divider. The low guiescent
current drain of these dewices with a specified
maximum change with line and lead ensures good
regulation in the woltage boosted mode.

For applications requining octher voltages, see LM137
catasheet.

Connection Diagram
INFUT

_—
O mm——L
o ———— GRousD

Figure 1. TO-220 Package
Front View
See Package Mumber NDEOOO3B

Typical Applications

c* czt

= — 2 iuf = 1.F
| GHD |
I ouT
INFUT 2 iowranxer @) DUTFUT

"Rasquired ¥ reguisior Is saparabed from
fiter capaciior by mone Sam 3" For value
given, capachor must be sodd tantakm.
Z5uF aluminam shecinoiylic may be
Substiutsd.

TRequired for stabiity. For vakse gen,
capachor must be sold @ntalum. JSg=
alumimum slectrobytic may be substBubed.
Yalues ghven may be Increased without
limit.

For cufpat capacianos in excess of 100wF,
@ high current diode froe inpat fo output

[ TH4004, =fc.) will profect the regulaior
from momentary Input shorts.

Figure 2. Fixed Regulator

E Pisyse b= aware that an Impaortant notice concerming avajlabilty, stndard warranly, and use In critical applications of
b Teyas Instuments semiconductor products and discisimers Sereln appears af the end of s data sheat

Al rademarks mne e proparty of thelr respactive cwners.

i

LTS r B werm oof e Tesmn

| rerureTs Ewncerd amTEnh rn;um:u—-u doem ol
recmeEnty nciuds fesrg 2! el paranes

FROCUCTICH CdTh imlormastion in curmet s of sutitmiion
Prd monlorr b pEcioesons

Copyright © 1080-201%, Teooas Fatrurmsnts incorponmied
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ABSOLUTE MAXIMUM RATINGS

Input Voltage

(Vo =-5Y) -25V

(Ve =12V and —15V) -35V
Input-Output Differential

(Vg =—8V) 25V

Vg =—12V and —15V) v

Power Dissipation 2

Intemally Limited

Operating Junction Temperature Range

0°C to +125°C

Sftorage Temperature Range

-65°C to +150°C

Lead Temperature (Soldering, 10 sec.)

230°C

ELECTRICAL CHARACTERISTICS
Conditions unless otherwise noted: loyr = 500MA, Cy, = 2.24F, Coyur = 10F,

0°C £ T, £ +125°C, Power Dissipation < 1.5W.

Part Number LM7905C Units
Output Voltage -5V
Input Voltage (unless otherwise specified) 10V
Symbaol Parameter Conditions Min Typ Max
Vo Qutput Voltage Ty=25°C -4.8 -50 -52 v
5mA = lgyr = 14, -4.75 -5.25 W
P = 15W (20 =V =-T) v
AVg Line Regulation T,=25C, 1 8 50 my
(25 =V =-T) v
2 15 mV
(-12=Viy=-8) v
AVg Load Regulation T,=25c, IV
5mA = lgyr = 1.5A 15 100 mV
250mA = gyt = 750mA 50 mv
g Quiescent Current T,=25°C 1 2 mA
Alg Quiescent Current With Line 05 mA
Change (-28 =Viy=-T) A
With Load, 5mA < g = 1A 0.5 mA
Vo Output Noise Voltage Ty =25°C, 10Hz = = 100Hz 125 Yy
Ripple Rejection f=120Hz 4 66 dB
(-18 =Viy = -8) v
Dropout Voitage Ty=25°C, lgut = 1A 11 W
loma Peak Qutput Current T,=25°C 22 A
Average Temperature lguT = 5MA, 0.4 mVi*C
Coefficient of 0C=T,=100°C
Qutput Voltage

To mANpeg texvikd dulhadio Bploketal otn StevBuvon:
http://www.ti.com.cn/cn/lit/ds/symlink/Im7905.pdf
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3. AIZOHTHPEZ

Technical Specifications

Capacity

5kg, 10 kg,20kg,30kg,50kg

Comprehensive error

0.19%FS

Rated output

1.0£0.15mv/v

Cable Length 00.6x450mm
Output Sensitivity 1.5SmV/V+5%
Temp effect on Zero 0.01%F.S/C
Temperature effect on span 0.05%F.S/C
Operation Temp. Range -10°C To +40C
Zero Output +10%F.S
Creep 0.05%F.S
Resistance (input and output) 10004£10Q2
Excitation Voltage 5-15VDC
Nonlinearity 0.1%F.S
Repeatability 0.05%F.S
Insulation Resistance 2000MQ(100V)
Safe overload Capacity 150%F.S

TEXVIKA XOPOKTNPLOTLIKA aoOntrpwy.
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4. INA122

BURR -EROWHMNE

d

7

INA122

Single Supply, MicroPower
INSTRUMENTATION AMPLIFIER

FEATURES

& LOW QUIESCENT CURRENT: G0pA
& WIDE POWER SUPFLY RANGE

Single Supply: 2.2V to 36V

Dual Supply: —0.9+1.3V to +18V
® COMMON-MODE RANGE TO V-1V
& RAIL-TO-RAIL OUTPUT SWING
® LOW OFFSET VOLTAGE: 250uV max
& LOW OFFSET DRIFT: 3uViFC max
& LOWNOISE: 6InVivHz
& LOW INPUT BIAS CURRENT: 25nA max
& 5-PIN DIP AND S0-8 SURFACE-MOUNT

Vi g

S| —W—

imrmtiorsl Arport indinril Part + aillng Addnosc PO Bor 1 W0, Temon, A2 UM 1 Dbt Adsmm: §70 B Temyon Bied Teczon, AZ BV Tek 8200 ME-HH = Te HE-BE2-HH
Intwrra WS Ferwm Sun-rowr oo 1 PRI Linec B30 S5-I 5 (A Carach Onfy| + Cabie: BESTOEF © Taim: S-SE o« P 020 B0 UHE + sy Progiec] infe: (B8] 820012

3

JT_W

APPLICATIONS

» PORTABLE, BATTERY OPERATED
SYSTEMS
& INDUSTRIAL SENSOR AMPLIFIER:
Bridge, RTD, Thermocouple
& PHYSIOLOGICAL AMPLIFIER:
ECG, EEG, EMG
& MULTI-CHANNEL DATA ACGUISITION

DESCRIPTION

The INA122 is a precsion instmmmentation amplifier
far acomate, low noise differential sizral acqmsibon
with very low guiescent omment, and & ideal for
partable instromenfanon and data acqusition systems.
The INA12Z can be operated with single power sup-
plies from 2 2V to 36V and quiescent omrent is a mere
GuA Tt can also be operated from dual sopplies. By
utilizing an mpet level-shift retwork. input common-
minde ramge extends o 01V balow nezative rail (smgle
supply ground).

A ungle exiarmal resistor Bt min Fom SV
10OV, Laser mmmimge prowides very low offset
valiage (250uV max) offset voltaze dnft FuWVeC
mans) and excellent common-mods rejection
Package options inchade §-pin plastc DIP and 50-8
surface-mmmt packages Both are specified for the
—40PC to+85°C extended industrial temperature mnze.

SBOSNGD

1557 Ban-lrows Carpanta

POS- 13080

Prizisd in LS4 {Dciober, 1997
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SPECIFICATIONS

AL T, = +25°C, V= +5V, R, = 20Kk connactsd o W02, unises othenwse nobsd,

IHATZ2P, U INATZZPA, UA

PARAMETER COMDITIONS MM TYE MAX MIH TYE MAX UMITS

INPUT

Ofmset Voltage, RTI +100 +350 +150 +5000 v

vs Temperature 1 +3 * £5 M
V& Fower Supply (PSRR) Vg = +2.2V 10 +35V 10 3 & 100 N
Input Impeganca 1000 ] 3 * af pF

e Input Voliage Fg=0 =03 VR0 * * '

Py = 10K (V=140 W40 * * v

Common-kode Woliage Range 0 34 * * v

Common-hods Rejection Wy = OV 10 3.4V B3 -3 76 =0 a8

INPUT BI&5 CURRENT -0 -5 x -5 nA

s Temperaturs +40 * PAFC
st Cument = £2 & £5 nA
ve Temperaturs 440 * pAFC

GAIN G=5tn i & W

Gain Equation G =5 + Z00KINR, & WY

Gain Emor G=5 2005 401 * 015 5%

vs Temperature E=5 5 10 * * ppmFEC

Gain Ermoe @ =100 0.3 05 & z %

vs Temperaturs Z =100 435 +100 & * PRmEC

Monlineartty G =100, Vg = -1 55N t 414.0% 0005 | 20012 * 100 034 5%

HOISE [RTI)

Voitage Maise, T = 1kHz &0 & WHTE
1= 100Hz 100 * T
= 10Hz 110 x HHE
fp= 0.1Hz bo 10HE 2 * uVpp

Cumert Moise, 1= TkHE 50 & ARTE
1y = 0.1HZ I 10HZ 2 * AP

CUTPUT

Viitage, Positive Wy = 15V (VO | e oas * * v

Negative Wy =15V [V=HO1S | (V=01 * * v

Shor-Circult Cument Short-Cirut 1o Ground 3= x mA

Capaciive Load Drive 1 * nF

FREQUENCY RESPONSE

Eanowidn, —3d8 G=3 120 x Kz

=100 5 * e
G =500 03 * EHe
Shew Fabs +0.08-0. 96 & Vs
Setting Time, 0L01% G=3 330 x us
E= 100 450 * us
@ =500 18 & e

Cweriad Racovery 50% Input Ovarioad 3 & us

POWER SUPPLY

Viitage Range, Singie Supply +2.2 5 * & * v

Cual Supplies —0+1.3 £13 * & * v

Cument lo=10 25 * * ph

TEMPERATURE RANGE

Specfication -0 +85 * * °C

Cparaton —g5 +E5 * * iC

SoEge -85 +125 * #* .

Thesmal Resstancs, o,

E-Fin DIF 150 & T
S0-8 Surace Mount 150 * T

¥ Specification same as INATIZR, INATZ2U.
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PIN CONFIGURATION < ELECTROSTATIC
Top View 8- in DI, SO-8 (VA DISCHARGE SENSITIVITY

Thus mtegrated circuit can be damaged by ESD. Burr-Brown

Re II o EI R, recommends that all integrated circuits be handled with ap-
_ propnate precautions. Failure to observe proper handling and
Vin IZ 3 W+ - .
installation procedures can canse damage.
"
Vi E ﬂ Ve ESD damage can range from subtle performance degradation
V- E EI Ref to complete device failure. Precision integrated circuits may

be more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.

ABSOLUTE MAXIMUM RATINGS™

Supply Voltage, W+ to V—..__.. e eeem e eme e senesceee FOW
Signal Input Terminals, Voltage!?! - (V=003 o (W03

Current? oo M
Qutput Short Cireuit ... .-. Continuous

.. —40°FC to +125°C
.. —55°C to +125°C
SRUUR < 1 ¥

Operating Temperature ...
Storage Temperature.......
Lead Temperature (scldering, 10s)...

MOTES: (1) Stresses above these ratings may cause permanent damage.
(2) Input terminals are intemally diode-clamped to the power supply rails.
Input signals that can exceed the supply rails by more than 0.3V should be
current-limited to SmA or less.

To mARpeg Texviko dpuAradio Bploketal otn dievBuvon:
http://www.ti.com/lit/ds/symlink/inal22.pdf
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5.

LM358

LM158, LM158A, LM258, LM258A
LM3se, LMasaA, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOSDEEE - JUNE 1078 - REVISED EEFTEMEER 2002

®  Wide Range of Supply Voltages:

— Single Supply . . . 3Vto 30V
{LM2904 and LM29040 ... 3V to 26 V) or

— Dwal Supplies

® Low Supply-Curmrent Drain Independent of
Supply Voltage . . . 0.T mA Typ

® Common-Mode Input Voltage Range
Includes Ground, Allowing Direct Sensing
Hear Ground

® Low Input Bias and Offset Parameters:
— Input Offset Voltage . . . 3mV Typ
AVersions ... 2 mV Typ
— Input Offset Current __ _ 2 nA Typ
- Input Bias Current _ . _ 20 nA Typ
A Versions . .. 13 nA Typ
® Differential Input Voltage Range Equal to
Maximum-Rated Supply Voltage . . . +32V
(LMZ304 and LM2Z3040G . . . +26 V)
® Open-Loop Differential Violtage
Amplification _ . . 100 VimV Typ
® Internal Frequency Compensation

description/ordering information

These devices consist of two independent,
high-gain, frequency-compensated operational
amplifiers designed to operate from a single
supply ower a wide range of voltages. Operation
from split supplies also is possible i the diference
between the twe supplies is 2 Vio 30V (3 Vo
26 V fior the LM2004 and LM2B04Q). and Vo is
at least 1.5 WV more positive than the input
common-mode voltage. The bow supply-cumrent
drain is independent of the magnitude of the

supply voltage.

LM158, LEEEA . .. JO PACKAGE
LM253 ... D OR P PACKABE
LEZEES . . . P FACKAGE
LMZES ... O, P, PI, OF PW PACHAGE
LEIEES ... D OR P PACKAGE
Lmze04 .. .0, P PL, OR PW PACHAGE
LM28340 . .. D PACRAGE
(TP VIEW)

1ouT ~

1IN~
1IN+
GHD

2[]veg
7[] 20UT
&[] 8-
=[] 21N+

B b

LM1E68, LEHESA . . FK PACKAGE

{TOF VIEW)
vdof
FEELZ

N I13 21 20 1'5:5 NE
Ti8-1{] = yr[] 20UT
HMC [ e 15[ | HC
1M+ ] 7 15 2IN-
MC[]e 14| WG
g 10 MI1z13

[ = S
EEETE =
(]

HC — Mo Inie=mal connecdon

Applications include transducer amplifiers, de amplification blocks, and all the conventional operational
amplfier circuits that now can be implemented more easily in single-supply-voltage systems. For example,
these devices can be operated directhy from the standard 5-V supply used in digital systems and easily provide
the required interface electronics without additional +5-V supplies.

The LM2B040 s manufactured to demanding automotive requirements.

Texas Instnaments semiconducion products and disciaimers therelo appears at the &nd of this data sheet.

A Please b= aware that an Important notice conceming avallablity, standard wamanty, and use In critical applications of

PRODUCTION DATY, imformslion i cursel 5 of publosSion duls. Copyright @ 2002, Taxs |renrrmnis o fomnied
Fracuie sonfors 12 ros Borfone par the wa of "um ndnsanic 1o produrie soemsland o MIL PR 3050 5 ol pawmsbee s
s Fracudion Eee e
e e 'E’ Texas o b il D 11 e s, praaen
INSTRUMENTS
PFOST OFFIOE BOK 855300 @ DALLAS, TEXAS Taaee 1
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

LM158, LM158A
LM258, LM258A Lli:;zg%ig UNIT
LM358, LM358A
Supply voltage, Vi (see Note 1) 32 26 v
Differential input voltage, Vi (see Note 2) +32 +26 v
Input voltage, V| (either input) —0.3 1032 —0.3 1o 26 v
Duration of output short circuit (one amplifier) to ground - -
at (or below) 25°C free-air temperature (V¢ < 15 V) (see Note 3) Unlimited Uniimited
Operating virtual junction temperature, T 150 150 °C
D package a7 a7
) P package a5 a5 )
Package thermal impedance, 84 (see Notes 4 and 5) “CIW
PS5 package a5 a5
PW package 149 148
) FK package 561 )
Package thermal impedance, 8¢ (see MNotes 6 and 7) CIW
JG package 145
LM158, LM158A -5510 125
) ) LM258, LM258A -2510 85 _
Operating free-air temperature range, Ta, iC
LM358, LM358A 0to 70
LM2904, LM2904Q —40 10 125
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds P package 260 260 °C
Storage temperature range, Tstg —65 to 150 —65 to 150 “C

operating conditions, Voo =15V, Ta = 25°C

PARAMETER TEST CONDITIONS TYP | UNIT

SR Slew rate at unity gain éLeg gi;:fri 1C)L =30pF V=210V 03| vis
Bq Unity-gain bandwidth R =1 ML, C = 20 pF (see Figure 1) 07 MHz
Vi Equivalent input noise voltage ?sge:;iggr!elz\;l =0V, f=1kHz 40 | nvrEz

Ve

WV
v . o
Vee— CL== : RL

Figure 1. Unity-Gain Amplifier
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electrical characteristics at specified free-air temperature, V- = 5 V (unless otherwise noted)
LM158
LM358
PARAMETER TEST cONDITIONST Tal LM233 UNIT
MIN  TYP3 mAX] MIN TYPE max
Voo = 5V to MAX, 25C 3 5 3 7
Vo Input offset voltage Vic = VicR{min)- my/
Vo=14V Full range 7 ]
Average temperaturs
@, coefficient of Full range 7 T uviFG
= input offset voltage
250G 2 a0 2 50
ho Input offset curment Vip=14V n&
Full range 100 150
Average temperaturs
oy coefficient of Full range 10 10 pAFC
o input offset curment
25C =20 -150 -20 =260
g nput bias current V=14V nA
Full range —300 -500
Dto 0to
250G 5 = . =
Common-mode _ Vioo-1.5 Voo-1.9
VICR input woltage rangs Vo =15V to MAX Dto 0 to v
Full range Voe=2 Vo2
R =2 k0 25C V1.5 Vop—-1.5
igh- R =10 kil 250G
Vo High-lewel L . Y
output woltage Ry =2k Full range 26 28
Vioe = MAX
R = 10 ki2 Full range 27 23 27 28
Low-lewvel .
= { r 5 -
VoL output voltage R = 10ki2 Full range 5 20 5 20| mV
Larg=-signa Voo =15V, 25C 50 100 25 100
B differential Vo=1Vio 11V, - Wimy
voltage amplification |Rp = =2 ki Full range 23 15
- Common-mode Viop =5V to MAX, -
CMRR rejection ratio Vic = VICR(min) 250G 70 an 85 ED dB
Supply-voltage
ksuR rejection ratio Voo =5V to MAX 250 a5 100 a5 100 dB
(AVDDIAVIO)
VioiVWo2  Crosstalk attenuation | =1 kHz to 20 kHz 250G 120 120 dB
Voo =15V Vg=1V 250G —20 =30 =20 —30
Vig=0 Fullrange | -10 —10 A
Ig COutput current Voo =15V Vip=—1V. 25°C 10 20 10 20
Vig=15V Full range 5 5
Vip=-1V. Vp=200mV 25°C 12 0 12 30 pA
Short-circuit Voo atiV, GND at -5V, : . . .
los cutput cument Vo =0 250G +40 430 40 G60] mA
Suppy . Vig=25V. Noload Full range 0.7 1.2 0.7 2
| =HPPTY et = = mA
cC {two amplifiers) Voo =MAX. Vo =05V, | i ange 1 2 1 2
Mo load

To mANpeg texvikd dulhadio Bploketal otn StevBuvon:

https://www.parallax.com/sites/default/files/downloads/602-00015-LM358-Dual-Op-Amp-

Datasheet.pdf
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6. PIC18F25K80

o

MICROCHIP

PIC18F66K80 FAMILY

28/40/44/64-Pin, Enhanced Flash Microcontrollers
with ECAN™! and nanoWatt XLP Technology

Power-Managed Modes:

Fur: CPU on, Pedgherals on

Idiez CPU off, Peripharais on

Slesp: CPU off, Panpherals off

Tac-Speed Cecliator Sar-up

Fal-Zafe Clock Monitor {(FSCM)

Prwer-Saving Perpheral Module Disabiz [PMD)
Uira Low-Power Waks-up

Fast Wake-up, 1 us, Typical

Low-Power WDT, 300 na, Typical

Foun miode Curments Down b ey Low 3.6 A, Typkcsl
liie: Pcsche: CUITENS Do 40 ey Low 850 nA, Tyl
Sieep mode Curment Down to Very Low 13 na, Typka

ECAN Bus Module Features:

- Confoms o CAM 208 Active Speciication

= Three Cperating modas:

- Lagacy mods full backaard compatiolity with
aisting PIC1ECHME/FIOME CAN moduies)

- [Enhancad mode

- FIFD mode of programmable TXIRX bullers

Message Bit Rales up to 1 Mbps

DewicaNet™ Data Byte Fiker Supgort

Sz Programmaiia Recelve Transmi Buffers

Three Dedicated Transmit Eufers with Prioriization

ECAN Bus Module Features [Continued):

« 15 Full, 2050 Acceptance Fiters wit Cynamic
Association

- Three Full, 20-Blt Acceptance Masks

+ Automatic Remote Frame Handing

+ Advanced Smor Managemeni Feallures

Special Microcontroller Features:

+ Dperaing \oitage Range: 1.6V o 5.5V
- On-Chip 3.3V Raguiaior
- Dperating Speed up o 54 MHZ
+ Upto 54 Kimytes On-Chilp Fiash Program Memory:
- 10,000 erasewrite cyde, typlcal
- 20 years minimum retestion, fypcal
+ 1,124 Byi=s of Data EEPROM:
- 100,000 Erasefwm cycée data EEPROM
memorny, typical
» 3.5 Kbytes of General Purposs Registers (SRAM)
- Three intemal Cecllators: LFNTOSS (31 KHz),
MIF-INTOSC (500 kHz) and HFANTDSC (16 MHz)
+ Sef-Programmabie under Softwane Control
+ Priofity Lavets for Inbemupts
+ B x 3 Single-Cycle Hardwars Mutipler
» Extended Watchdog Timer (WDT]:
- aitle perlod Tom 4 ms to 4, 1925
+ In-Circl Senial Programening™ [ICSP™) via Two Pins

, . In-Circut via TWo PIng

Two Dedcaned Recalve Buffers - i e

+ Programmatie LVD
TABLE 1: DEVICE COMPARISON
Diata 23 Bk B, =
Program Data EE AR AEEIRE: Blz 8|5 |2
| || £ 1] 8 4 12 1 |
(] w

FICIEF25#E0 |32 Kbyes | 3606 | 9024 | 28 |24 [ 1 |5en |41 | 23 |2 2 [ 1 |7 [ves|me
FICIELF2SKED| 32 Kbyees | 3608 | 024 | 28 | 24| 1 |&<h |47 | 23 | 2| 2 | 1 | 1 | ¥es | o
FICTEFZaRE0 |54 Fbyes | 2608 | 1024 | 28 | 24| 1 |5<h |40 | 23 |2 [ 2 | 1 |7 | ¥ [
FICIELF2RKE0| 54 Kbyies | 3646 | 1024 | 28 | 24| 1 |&en |4 | 25 | 2| 2 [ 1 |1 | ves Mo
FICIEF4SKA0 | 32 KDyies | 3645 | 1024 [dDa3] 35 | 1 |1icn|4n | 23 | 2| 2 | 1| 1| ¥es | Mo
FICTELFESKED| 32 Fbyies | 3648 | 1024 [d043| 35 | 1 |nicn| 4 | @3 | 2| 2 | 1 | 7 | e |
FICIEF4GAE0 | 54 Kbyies | 3646 | 1024 [40ad| 35 | 1 |ien|4n | 25 | 2 | 2 [ 1 | 7 | M
FICTELFZaKED| 2 Kby | 3,626 | 9024 |4022] 35 | 1 |1i<n|4n | 23 | 2| 2 | 1| ¢ | %es | Mo
FICTEFEaRa0 |32vmyles| 3628 | T0EA | B2 | 2| 1 [nan| a0 | @8 |2 2 [ 1 | 7 | e e
FICIELFaaRED| 32 Foyles | 5686 | 024 | B2 | 54| 1 |1i<n| 40 | 25 | 2| 2 [ 1 | ¢ | ves |ves
FICIEFEAE0 |64 Woyles| 3625 | 1024 | B2 | 54| 1 |1i<n| 40 | 23 | 2| 2 | 1| © | ves | ves
FICTELFoaREn| B2 voyles | 3425 | 024 | B2 [ 4| 1 [1i<h| 40 | 23 [ 2| 2 [ 1 | 7 | ves [

& 2010-2012 Microchip Technokogy Inc.

D=3837TFpage 1

74




28-Pin SSOP/SPDIP/SOIC

L
MCLRRE3 [ |1 28 | | RB7T/PGDIT3G/RX2/DT2KBI3
RAQ/CVREFIANO/ULPWU [ |2 27 | ] RBB/PGCITX2/CK2/KBI2
RAVANT []3 26 | | RB5S/TOCKI/T3CKI/CCP5/KBI1
RA2/VReF-/AN2 [ |4 25 | | RB4/ANS/C2INAECCP1/P1A/CTPLSIKBIO
RA3VREFHAN3 [ |5 24 | ] RB3/CANRX/C20UT/P1D/ICTED2/INT3
Voocoreveer [ |6 23 | | RB2/CANTX/C10UT/P1CICTED1/INT2
RAS5/ANA4/C2INB/HLVDINT1CKISS/ICTMUI [ |7 PIC18F2XK80 22 | | RB1/ANS/C1INB/P1B/CTDIN/INTI
vss[]8 PIC18LF2XK80 21 [ ] RBO/AN10/C1INA/FLTO/INTO
OSC1/CLKINRAT [ |9 20 [ ] voo
0SC2/CLKOUTRAG [ |10 19 []vss
RCO/SOSCO/SCLKI [ | 11 18 | | RCTICANRX/RX 1/DT1/CCP4
RC11SOSCI [ |12 17 | ] RCBICANTX/TX1/CK1/CCP3
ro2TiGicer2 [ |13 16 [ | reaisbo
RC3/REFO/SCLISCK [ | 14 15 [] Rca/sDA/SDI
220 ENHANCED UNIVERSAL All members of the PIC18FEEKED family are equipped
SYNCHRONOUS T T s
ASYNCHRONCUS RECEIVER the Following modes:
TRANSMITTER {EUSART} = Asynchronous (full duplex) with:

The Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module is one of two
serial VO modules. (Generically, the EUSART is also
known as a Serial Communications Interface or SCL)

The EUSART can be configured as a full-duplex,
asynchromous system that can communicate with
perpheral devices, such as CRT temninals and
personal computers. It can also be configured as a
half-duplex synchromous system that can communicate
with peripheral devices, such as AD or DIA integrated
circuits, serial EEPROMs, etc.

The Enhanced USARTx modules implement additional
features, including automatic baud rate detection and
calibration, automatic wake-up om Sync Break recep-
tion and 12-bit Break character transmit. These make it
ideally suited for use in Local Interconnect Matwork bus
(LIN/AJ2G02 bus) systems.

- Auto-wake-up on character reception
- Auto-baud calibration

- 12-bit Break character transmission

= Synchromous — Master (half duplex) with
selectable clock polarity

= Synchromous — Slave (half duplex) with selectable
clock polarity

The pins of EUSART1 and EUSARTZ are multiplexed
with the fumctions with the following ports, depending
on the device pin count. See Table 22-1.

TABLE 22-1: CONFIGURING EUSARTx PINS!Y
Pin EUSART1 EUSARTZ
Count | port Pins Port Pins
. RCETX1/CK and REG/PGC/TXCKZKBIZ and
8pin | FORTC RCTIRX1/DTA FORTE RET/IPGDIT3G/RX2DTAKEIS
. RCETX1/CK1 and RDETX2ICK2/P1C/PSPE and
#0/34-pin | FORTC RCTIRX1/DTI PORTD RDTIRX2/DT2P1DIPSPT
, RG3TXCKT and _
B4pin | PORTS PEOR /DT PORTE RETITX2/CK2 and REG/RX2DOT2
Mote 1: The EUSARTx control will autematically reconfigure the pin from input to cutput as needad.

In crder to configure the pins as an EUSARTx:
= For EUSART1:

SPEM (RCSTA1<T=) must be set (= 1)

- TRISx<x= must be set (= 1)

For Asynchronous and Synchronous Master
mades, TRISx<x> must be cleared (= 0}

- For Synchronous Slave mode, TRISx<x>
must be set (= 1)

For EUSARTZ:

SPEM (RCSTAZ<7>) must be set (= 1)
TRISx<x> must be set (= 1)

Faor Asynchroncus and Synchronous Master

modes, TRISx<x> must be cleared (= 0)

Faor Synchronous Slave mode, TRIS@x<x>

must be set (= 1)
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23.0 12-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module in the
PIC18FEBKED family of devices. Itis a 13-bit differential
A/D with 12-bit single-ended compatibility. It has inputs
eight inputs for the 28-pin devices, 11 inputs for the
404 4-pin and 84-pin devices. This module allows con-
wersion of an analog input signal to a corresponding
12-bit digital number.

The module has these registers:

= AD Control Register O (ADCOMND)

= A/D Control Register 1 (ADCON1)

= AD Control Register 2 (ADCOMNZ)

= ASD Port Configuration Register 1 (ANCOND}

= ASD Port Configuration Register 2 (ANCON1)
ADRESH (the upper, A'D Results register)
ADRESL (the lower, A'D Results register)

The ADCOMD register, shown in Register 23-1, con-
trols the operation of the A'D module. The ADCOMN1
register, shown in Register 23-2, configures the voltage
reference and special trigger selection. The ADCOMNZ
register, shown in Register 23-3, configures the A/MD
clock source and programmed acquisition time and
Justification.

23.1 Differential A'D Converter

The converter in PIC1E8FGEKED family devices is
implementad as a differential /D where the differential
voltage between two channels is measured and
converted to digital values (see Figure 23-1).

The converter also can be configured to measure a
voltage from a single input by clearing the CHSMx bits
(ADCOMN1<2:0). With this configuration, the negative
channel input is connected intermally to AVSS (see
Figure 23-2).

FIGURE 23-1: DIFFERENTIAL CHANMNEL
MEASUREMENT
Positive Input
CHS=4:0=
! AD
Megative Input
CHSMN<2-0=

Differential conversion feeds the two input channels to
a unity gain differential amplifier. The positive channel
input is selected using the CHSx bits (ADCOND<3:2=)
and the megative channel input is selected using the
CHSMx bits (ADCON1<2:0=).

The output from the amplifier is fed to the A/D Con-
wverter, as shown in Figure 23-1. The 12-bit result is
available on the ADRESH and ADRESL registers. An
additional bit indicates if the 12-bit result is a positive or
negative value.

FIGURE 23-2: SIMGLE CHAMMEL
MEASUREMENT
Positive Input
CHE=<4:0=

AD

CHSM<2:0== 000

In the Single Channel Measurement mode, the
negative input is connected to AVSS by clearing the
CHSMx bits (ADCON1<2:0=).
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REGISTER 23-2:

ADCON1: A/D CONTROL REGISTER 1

RMW-0 R/W-0 R/W-0 R/AW-0 RAW-x R/W-x RW-x RW-x
TRIGSEL1 | TRIGSELD VCFG1 VCFGO VNCFG CHSN2 CHSN1 CHSNO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR "' =Bitis set ‘0" = Bitis cleared ¥ = Bit is unknown
bit 7-6 TRIGSEL<1:0>: Special Trigger Select bits
11 = Selects the special trigger from the CCP2
10 = Selects the special trigger from the Timer1
01 = Selects the special trigger from the CTMU
00 = Selects the special trigger from the ECCP1
bit 5-4 VCFG<1:0>: A/D Vrer+ Configuration bits
11 = Internal VREF+ (4.1V)
10 = Internal VREF+ (2.0V)
01 = External VREF+
00 = AVDD
bit 3 VNCFG: A/D VreF- Configuration bit
1 = External VREF
0= AVss
bit 2-0 CHSN<2:0>: Analog Negative Channel Select bits

111 = Channel 07 (ANG)
110 = Channel 06 (ANS)
101 = Channel 05 (AN4)
100 = Channel 04 (AN3)
011 = Channel 03 (AN2)
010 = Channel 02 (AN1)
001 = Channel 01 (AND)
000 = Channel 00 (AVss)
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REGISTER 23-3: ADCON2: A/D CONTROL REGISTER 2

RW-0 U-0 R/W-0 RW-0 R/AW-0 R/W-0 RW-0 R/W-0
ADFM — ACQT2 ACQT1 ACQTO ADCS2 ADCS1 ADCSD
bit 7 bit0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" =Bitis set ‘0" = Bitis cleared x = Bit Is unknown
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified
0 = Left justified
bit 6 Unimplemented: Read as ‘0’
bit 53 ACQT<2:0=: A/D Acquisition Time Select bits
111 =20 TaD
110 =16 TaD
101 =12 TAD
100=8TaD
011=6TaD
010=4TaD
001=2TaD
000 =0 Tap™
bit 2-0 ADCS<2:0>: A/D Conversion Clock Select bits
111 = FRc (clock derived from A/D RC oscillator)!™
110 = Fosc/64
101 =Fosc/16
100 =Fosc/4
011 = FRe (clock derived from A/D RC oscillator)(™)
010 =Foscl32
001 = Fosc/a
000 =Foscf2

Note 1: If the A/D FRC clock source is selected, a delay of one Tcy (instruction cycle) is added before the A/D
clock starts. This allows the sLEEP instruction to be executed before starting a conversion.

TABLE 23-1: Tap vs. DEVICE OPERATING
FREQUENCIES
AD Clock Source (TAD) Maximum
Device

Operation ADCS<2:0> Frequency

2 Tosc 000 250 MHz

4 Tosc 100 5.00 MHz

8 Tosc 001 10.00 MHz

16 Tosc 101 20.00 MHz

32 Tosc 010 40.00 MHz

64 Tosc 110 64.00 MHz
RC(2) x11 1.00 MHz("
Note 1: The RC source has a typical TAD time of

4 us.

2: For device frequencies above 1 MHz, the
device must be in Sleep mode for the
entire conversion or the A/D accuracy may
be out of specification.
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28.2 Watchdog Timer (WDT)

For the PIC18FGEKED family of devices, the WDT is
driven by the LF-INTOSC source. When the WDT is
enabled, the clock source is also enabled. The nominal
WIDT period is 4 ms and has the same stabilty as the
LF-INTOSC oscillator.

The 4 ms peried of the WDT is multiplied by a 16-bit
postscaler. Any output of the WDT postscaler is
selected by a mukiplezer, controlled by bits in
Configuration Register 2H. Awvailable periods ramge
from 4 ms to 4,184 seconds (about one hourl. The
WDT and postscaler are cleared when any of the
following events ooccur; 8 SLEER or CTLEWDT instruction
is executed, the IRCFx bits (OSCCOM=6:4>) are
changed or a clock failure has cccurred.

FIGURE 28-1: WDT BLOCK DIAGRAM

The WDT can be operated in cne of four modes as
determined by WDTEMN<1:0= (CONFIG2H=1:0=. The
four modes are:

WDT Enabled

WDT Disabled

WDT under Software Contraol,
SWDTEN (WDTCON==)

WDOT
Enabled during normal operaticn

Diisabled during Sleep

MNote 1: The CLEWIT and 3LEEF instructions
clear the WDT and postscaler counts
when executed.

Changing the setting of the IRCFx bits
[(DSCCOM<G4>) clears the WDT and
postscaler counts.

When a CLEWDT instruction is executed,
the postscaler count will be cleared.

™

WDT Enabled, |
SWDTEN Disabled

WOT Controlled with
SWDTEN bit Setting — |

WOT Enabled only while
Device Active, Disabled ™ |

'WDT Disabled in Hardware

SWDTEN Disabled ™ |
WOTEN1 Enabls WDT Wak )
WDTENQ ake-up from
WDT Counter Power-Manage
-y Modes
INTOSC Source = =128 )
Change on IRCFx bits _|_. ¥
crERCT 1 ™ w| Programmable Postscaler| Reset | ¢ q _:,l—- 'I":!“DT1
= "_l—J < 1:1 to 1:1.048,576 ' S
All Device Ressts i
WDTPS<3.0> 3
Shesp
SWDTEN ——, Enable WDT
WDTEN<1:0=

INTOSC Source
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REGISTER 28-4: CONFIGZH: CONFIGURATION REGISTER 2 HIGH (BYTE ADDRESS 300003h)

u-o RP-1 R/P-1 R/P-1 R/P-1 R/P-1 RP-1 RIP-1
— WDTPS4 WDTPS3 WDTPS2 WDTPSA | WDTPS0 | WDOTEM1 | WOTEMD

bit 7 bit 0
Legend: P = Programmable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘07
-n = Value at FOR 1" = Bit is set '0" = Bitis cleared % = Bit is unknown
bit 7 Unimplemented: Read as "0
bit 8-2 WDTPS<4:0>: Watchdog Timer Postscale Select bits

11111 = Reserved

10100 = 11048576 (4.184.3045)

10011 = 1:524,288 (2,087.1525)

10010 = 1:262,144 (1,048.578s)

10001 = 1:131,072 (524.288s)

10000 = 1:65536 (202.144s5)

11111 =1:32, 788 (131.072s)

11110 =1:16.384 (55.5308s)

11101 =1:8,182 (32.768s)

11100 = 14006 (16.3845)

11011 = 1:2,048 (B.192s)

21010 = 1:1.024 (4.0945s)

21001 =1:512 (2.048s)

D1000=1:258 (1.024s)

10111 =1:128 (512 ms)

10110 = 1:64 (256 ms)

0101 =1:32 (128 ms)

10100 = 1:16 (B4 ms)

""" =1:8 (32 ms)

1:4 (16 ms)
1:2 (& ms)

ao000o=1:1 (4 ms)

bit 1-0 WDTEN=1:0=: Watchdog Timer Enable bits

11 =WDT is enabled in hardware; SWDTEHM bit is disabled

10 = WDT is controlled by the SWDTEMN bit sefting

21 =WDT is enabled only while the device is active and is disabled in Sleep mods; SWDTEM bit is
disabled

10 = WDT is disabled in hardware; SWDTEM bit is disabled
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Absolute Maximum Ratingsm
Ambient temperature UNAer DIAS ..o e e m e en e eme e ~DPC 10 +125°C

Storage temperature ... OSSO U U SUURUUUUUUUUUUUURRURURRUOTIE < i 08 (s I 3 Fi10
Voltage on MCLR with resped toVss.. e ~0.3W 10 9.0W
Voltage on any digital only /O pin with respect fo Vss (exoept VDB) USRS o e AT+ A
Voltage on any combined digital and analog pin with respect to Vss (exoept Voo and MCLR) -0.3V to (Voo + 0.3V)
Voltage on Voo with respect to Vss (PIC18FEEKE0) ..., 03V 1D 7.5V
Voltage on Voo with respect to Vss (PIC18LFEBKSB0) ... 0.3V 10 366V
Total power dissipation (NOTe 1) . e e ree e e e e e en e emn e eaesemean e enaensaemneneeenmnennnne 1N
Maximum current out of WSS PIN e SO0 A
Maximum current iINto VDD PIm e an e - 200 A
Input clamp current, Ik (Vi < 0 or Vi = VoD) ... .. £20 mA
Qutput clamp current, lok (Vo < 0 or Vo = VoD) ... e £20 A
Maximum output current sunk by PORTA=<7:6= and any PORTB and PORTC /O pinS............coooooivic . 25 MA
Maximum output current sunk by any PORTD and PORTE I/O pins... SRS OUUUPSRRROE - J || 1.
Maximum output current sunk by PORTA<5:0= and any PORTF and PORTG O pins............ocooiicc . 2 MA
Maximum output current sourced by PORTA<7:6> and any PORTB and PORTC VO pPINS ..o 25 MA
Maximum output current sourced by any PORTD, PORTE and PORTJ /O pins ... ..

Maximum output current sourced by PORTA<5:0= and any PORTF, PORTG and PORTH /O pins . e 2 MA
Maximum current sunk by all ports combined. ..o 200 MA

Note 1: Power dissipation Is calculated as follows:
Pdis = VoD x {IoD —  loH} + E {(VDD — Vo) x loH} + Z(VoL x loL)

1t NOTICE: Stresses above those listed under “Absolute Maximum Ratings™ may cause permanent damage to the
device. This Is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.
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311

DC Characteristics:

Supply Voltage

PIC18F66K80 Family (Industrial/Extended)

I Standard Operating Conditions (unless otherwise stated)
Pm;ﬁgﬁ:&i? E:{gr'gem Operating temperature ~ -40°C < Ta < +85°C for industrial
' -40°C = Ta = +125°C for extended
P‘;:g"" symbol Characteristic Min Tvp Max |Units Conditions
D001 VoD Supply Voltage 1.8 — 36 V' |For LF devices
1.8 — 55 V' |For F devices
DO01C |AVDD Analog Supply Voltage (VoD -0.3 — Voo +03[ vV
D001D |AVss Analog Ground Potential |Vss —-0.3 — Vss+03| V
DO02  |VDR RAM Data Retention 1.2 — — W
Voltage!')
D003  |VPOR VDD Start Voltage — — 07 V |See Section 5.3 “Power-on
fo Ensure Internal Reset (POR)"” for details
Power-on Reset Signal
D004 |SvoD VDD Rise Rate 0.05 — — Wims [See Section 5.3 “Power-on
to Ensure Internal Reset (POR)" for details
Power-on Reset Signal
DO05 | BvoD Brown-out Reset Voltage
(High, Medium and
Low-Power mode
BORV<1:0>= 1112 169 18 191 v
BORV<1:0== 10 1.88 20 212 W
BORV<10>=01 253 27 2.86 W
BORV<10==00 282 3.0 3.18 \
Note 1: This is the limit to which VoD can be lowered in Sleep mode, or during a device Reset, without losing RAM data.

2:  Device will operate normally until Brown-out Reset occurs, even though VoD may be below VDDMIN.

31.2

DC Characteristics:

Power-Down and Supply Current
PIC18F66K80 Family (Industrial/Extended)

PIC18FG6KE0 Family
(IndustriallExtended)

Operating temperature

Standard Operating Conditions (unless otherwise stated)

-40°C < Ta £ +85°C for industrial
-40°C £ Ta £ +125°C for extended

Pah:gm Device Typ Max | Units Conditions
Power-Down Current (Ilrp){!!
PIC18LFXXK80 8 400 nA -40°C
13 500 nA +25°C VoD = 1.8V
35 780 nA +60°C (Sleep mode)
218 980 nA +85°C Requlator Disabled
3 8 nA +125°C
PIC18LFXXK20 14 500 nA -40°C
3 600 nA +25°C VoD = 3.3V
92 as0 nA +60°C (Sleep mode)
312 1250 | nA +85°C Reqgulator Disabled
4 8 LA +125°C
PIC18FXXK80 200 700 nA -40°C
230 200 nA +25°C VDD = 3.3V
320 1050 nA +60°C (Sleep mode)
510 1500 nA +85°C Regulator Enabled
5 9 HA +125°C
PIC18FXXK80 220 1000 | nA -40°C
240 1000 | nA +25°C VDD = 5V
340 1100 | nA +60°C (Sleep mode})
540 1580 nA +85°C Regulator Enabled
5 10 HA +125°C

82




31.2 DC Characteristics:

Power-Down and Supply Current
PIC18F66K80 Family (Industrial/Extended) (Continued)

PIC18FG6KE&0 Family

Standard Operating Conditions (unless otherwise stated)
-40°C = Ta = +85°C for industrial

Operating temperature

(InustrialiExtenaed) -40°C < Ta < +125°C for extended
Pah:(a}m Device Typ Max | Units Conditions
Supply Current (lop) Cont.23)
PIC1BLFXXKB0 520 820 UA -40°C
520 820 UA +25°C @
" Voo =18V
520 | 820 | wA *60°C  |Regulator Disabled
530 880 UA +85°C
540 1000 UA +125°C
PIC1BLFXXKE0 941 1600 uA -40°C
941 1600 UA +25°C @
" Voo = 3.3V
ga1 1600 A +60°C Regulator Disabled
950 1610 LA +85°C
960 1800 | pA +125°C Fosc =4 MHz
— {(RC_RUN mode,
PIC18FXXKE0 981 1640 uA -40°C HF-INTOSC)
981 1640 nA +25°C =
- VoD =33V
2L It e SITE Regulator Enabled
990 1650 uA +85°C
1000 1900 nA +125°C
PIC18FXXK80 1 22 mA -40°C
1 22 mA +25°C I
- Voo = 5V
; e Silre Requlator Enabled
1 22 mA +85°C
1 22 mA +125°C

To mAnNpeg texvikd dulhadio Bploketal otn tevBuvon:
http://ww1.microchip.com/downloads/en/DeviceDoc/39977f.pdf

83



http://ww1.microchip.com/downloads/en/DeviceDoc/39977f.pdf

7.

ERRATA 2015

PIC18F66K80

Silicon Errata Issues

Note:

This document summarizes all silicon
errata issues from all revisions of silicon,
previous as well as current. Only the
issues indicated by the shaded column in
the following tables apply to the cument
silicon revision (A8).

1. Module: Analog-to-Digital Converter (A/D)

The 12-bit A/D performance is outside the data
sheet's A/D Converter specifications. When used
as a 12-bit A/D, the possible issues are: high offset
error, up to a maximum of +25 LSBs at 25°C,
+30 LSBs at 85°C, 125°C and -40°C; high DNL
error, up to a maximum of +6.0/-4 0 LSBs; and

multiple missing codes,

up to a maximum of

twenty. Users should evaluate the 12-bit A/D

performance in  their

application wusing the

suggested work around below. See Table 3 for

guidance specifications.

The 12-bit A/D issues will be fixed in future
revisions of this part. Reduced bit resolution
specifications can be derived by dividing, as
appropriate. For instance, 10-bit guidance is
obtained by dividing the parameters in Table 3 by
four.

A/D Offset

The A/D may have high offset emor, up to a
maximum of £25 LSBs; it can be used if the A/ID is
calibrated for the offset.

Work around

Calibrate for offset in Single-Ended mode by
connecting A/D +ve input to ground and taking the
A/D reading. This will be the offset of the device
and can be used to compensate for the
subsequent A/D readings on the actual inputs.

TABLE 3: A/D CONVERTER CHARACTERISTICS

P:lr:m Sym. Characteristic Min. Typ. Max. |Units Conditions

AD1 NR Resolution — — 12 bit |AVREF = 5.0V

AD3  [Ew Integral Linearity Error — — +10.0 LSb [AVREF = 5.0V

AD4 EDL Differential Linearity Ermor — — +6.0/-4.0 LSh |AVREF = 5.0V

AD6 EoFrF  |Offset Ermor — — +25 LSh |AVREF = 5.0V, TEMP = 25°C
£30 Temp = 85°C, -40°C

AOT EGN Gain Error — — +15 LSh |AVREF = 5.0V

A0 [— Monotonicity! — V55 < VAIN < VREF

A20 |AVrer [Reference Voltage Range 3 — |Aavoo-Avss| v

(VREFH — VREFL)

A21 VREFH |Reference Voltage High AVss +30V| — AVDD +0.3V | WV

A22 VREFL |Reference Voltage Low AVss—0.3V| — AVDD —-30V | V

A25 [vam  [Analog Input Voltage VREFL — VREFH v

Note 1: The A/D conversion result never decreases with an increase in the input voltage.

Affected Silicon Revisions

A2 | A3 | A4 | AE

X X X X
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Table 1: TC35/ TC37 key features

Feature
Transmission

Power supply
Frequency bands
G5M class

Transmit power

SIM card reader

Antenna design

Temperature range

Current consumption

(typical)

Speech codec

SMS

DATA

FAX

Audio interface

Implementation

Voice, Data, SMS, Fax

Single supply voltage 3.3V - 5.5V

Please refer to Chapter 6.4 for more detailed information
Dual Band EGSM 900 and GSM 1800 (G5M Phase 2+)
Small M5

Class 4 (2W) for EGSM 200

Class 1 (1W) for GSM 1800

External — connected via interface connector

Note: The SIM card reader is not part of the GSM engine

20 ©hm antenna interface. Connectors vary with type of GSM engine:
= TC35: G5C coaxial connector
» TC37: Coaxial switching connector from AMP and antenna pad

MNormal operation: -20°C to +55°C
Resfricted operation: -25° 1o —20°C and +55°C o +70°C
Storage: -40°C o +85°C
Depending on operating mode

+ TALK mode (peak) at EGSM 900 / GSM 1300: 1.8A
+ TALK mode at EGSM 900/ GSM 1800: 300maA f 2T0mA
+ IDLE mode at EGSM 300 / GSM 1800: 10mA { 10maA
» SLEEF mode: ImaA
» Power Down mode: SOpA

Triple rate codec:

» Half Rate (ETS 06.20)

+ Full Rate (ETS D6.10)

+ Enhanced Full Rate (ETS 06.50 / D6.60 / 06.80)

MT, MO, CB, Text and PDU mode
Transmission rates: 2.4 4.8 9.6, 14 4 kbps, non-fransparent, USSD
Group 3: Class 1, Class 2

Analog voice:

= Microphone

= Earpiece

» Handsfree (supports echo cancellation and noise reduction)
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Feature
Senial interface

Supported SIM card

Phonebook
management

Selectable baud rate
Autobauding range

Firmware download
Real time clock

Timer function

Physical characteristics

Implementation

R3232 (2.65V CMOS level) bi-directional bus for commands / data using AT
commands

TC3ISTC3IT modules support Multiplex mode according to the GSM 07.10
Multiplexer Protocol and enable one physical serial interface to be
partitioned into three virtual channelz. Thig allows you to take advantage of
up to 3 simultaneous sessions on the serial interface. For example, you can
transfer data over one channel while two further channels are free to control

the GSM engine with AT commands.

w
Supported phonebook types: SM, FD, LD, MC, RC, ON, ME

300bps ... 115kbps (AT interface)

Supported baud rates: 1200, 2400, 4800, 9600, 19200, 38400, 57800,
115200

Cptionally via R5232 interface or SIM interface
Implemented

Programmahble via AT command

Size: 545 % 36 x 6.75mm
Weight: approx. 18g

To mAnNpeg texvikd dulhadio Bploketal otn tevBuvon:
http://www.robotshop.com/media/files/PDF/datasheet-gsm-tc35.pdf
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ITAPAPTHMA B - KQAIKAX ITIPO'PAMMATOX

1. NMPOrPAMMA
MpLv TNV Mapoucioon TOU POYPAULOTOC Eval OKOTILUN N EEAYNON OPLOUEVWY CTOLXELWV.

O Watch Dog Timer (WDT) tou UIKPOEAEYKT €XeL PEYLOTO time out mepimou TN pla wpa
(4194.304sec). Ikomog NG epyaciag ival n anootoAn SU0 PNVUUATWY TNV NUEPA, SnAadn
ova dwdeka wpeC. EMOUEVWCE, O HIKPOEAEYKTNG TPEMelL Swdeka WPeG va Pploketal oe
katdotaon sleep (Swbeka time out tou WDT), wote va €XeL Th ALlyOTEPN KATOVAAWGOH, KoL Vol
ETIAVEPXETOL OTN KATACTAON run Otav MPEMEL va oTelAel To pRvupa.

JUudwva e aUTA, AoLtOV, TIPEMEL VA UTIAPXEL EVOG LETPNTNG, TTOU VO KATAYPAPEL TIG POPES
TIOU O ULKPOEAEYKTNG ELOEPXETAL OTNV Katdotaon sleep, kal petd tnv Swdékatn ¢popd va tov
wBel otnV amootoAr pnvopatog. H cuvBnkn metuyaivetal pe tnv UmopEn Ketpnth (counter),
TOU omoiou n T amobnkevetal otnv ecwteptki EEPROM Tou ULKPOEAEYKTH, yla val LNV
XAVETaL.

TNV ecwteptkr) EEPROM Tou pikpogheykTn amobnkeleTal, eniong, n tehevtaia pétpnon tng
padog, KaBweg XpNOLWEVUEL yla TOV UTIOAOYLOUO TNG Sladopdg otnv EMOUEVN QOCTOAN TNG
mAnpodopiag, petd anod dwdeka kKUKAouc sleep.
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#include <18f25k80.h>

#device ADC=12 S/eNiwon opLBpold bit Tow ADC
#fuses INTRC IO /f Imternal RC Osc & no CLEOUT
$fuses NOPUT // Mo Power Up Timer
#funses NOPROTECT // Code not protected from reading
#fuses NOCED /4 Mo EE protection
#fuses WDT S5SW /f Ho Watch Dog Timer-enabled in Software
#fuses WDT1048576 /¥ Watch Dog Timer uses 1:1048576 Postscale
#n=e delavy (clock=4000000) Jf Afhwon ouyvoTnToc pohoyioU o Hz (4MHzZ)

fmse rel232 (baud=93600,bics=8, PARITY=N, =xmit=PIN C&, rcv=FIN CT7T)
J/ Baud Rate: 9600 bps, Bits: 8, No Parity Bit
f/Transmit Pin: PIN C&, Receive Pin: PIN C7

#bvte ADCON1=0xFC1 J/ Afhwon &LevBuvonc Tov register ADCON1

#define last count O0x00 Af Anhwon tng wetoPhAnihig last_count wg tn SLedfuvorn
JS/0x00 tng eowteEplLEfc EEPROM

ffor owtl) comoBnxkeUeTol I TLUf TOV counter mov PETpd

S/ TLg popéc mov o MCU umfike oF Kot&oToon =Sleep

#define last_mass 0Ox04 [/ Afkwon Tng wetofhnific last _mass wg 1r SLedBuvon
Jf 004 tng sowtepLxily EEPROM, oF owil) coofSneKedeTool

Ff n Twuf tnc tehevroice MEéETpnonc udkioc, mou

ff ypnowpwomoleiTol yio Tov voohoylLopd 1nc Alopopic

#define INTERNAL EEPROM UTILITIES // Bonfntixd npdypouuc yix Eowtepuxfy EEPROM
fdefine INT EEFROM ADDRESS unsigned intlé
J/BPOBuion Evpouc ALevBUvoewv Tng EocwtepLrxfc EEPROM

void Wwrite float eeprom(INT EEPROM ADDRESS address, fleoat32 data)
S Iuvépinon yio eyypoeh float cplLBpod gg SLed8uvon tnge EEPROM

{
int8 1i;
for(i = 0; i < 4; i++)
write eeprom(address + 1, *((intf *) (&data) + 1))
}

float32? read float eeprom(INT EEPRCM ADDRESS address)
Ff Euvéptinon yio ovéoyvwon float cpLlBuol ood &Led8vvon tngo EEPROM

{
float32 data:
intg 1i;
for(i = 0; 1 < 4; 1i++)
*{lint& *) (&data) + i) = read eeprom(address + i)
retorn (data) :
}

vold main (voild)
{

delay ms (10000} ; /F HoBuaotépnon 10 Sevr. yix otxfepomoinon Tou pokhoyLod
S/Afhwon peEToBAnTav

un=igned intd counter;

onsigned intlé i, temp,calib,calcon;

mnsigned int32 sum;

float wvecalcon,vcalib,vteliko,nogain, kg, mass,diafora;

const fleoat firsc=0.000, wvref=5000.0, steps=409&6.0, arxi = 0.5401
const fleoat klisi= 0.0622, gain=116.64, gainarxi=l14.324;

char kgchar[8],masschar[8]:

write eeprom(last_ count, 0x0C); S/ Apy¥ixomoinon last_ count
write float eeprom(last _mass, first):; /f Bpyi.xomoinon last _mass
printf ("AT+CHMGF=1xr") ; /¥ EvTohn EmiLAhoyhc Tou text mode yic To GSM
Delay ms (200);

printf ("AT~5MS0\xr") ; // Evtoif] Powerdown GSM

Delay m= (1000);
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T5:
-
77:
T8:
759:

8l:
82:
83:
84:
85:
B&:
87:
B8:
89:
90:
91:
92:
93:
94 :
895:
96:
97:
98:
95:
100:
101:
102:
103:
104:
105:
106:
107:
108:
109:
110:
111:
112:
113:
114:
115:
11&:
117:
114:
115:
120:
121:
122:
123:
124:
125:
126:
127:
128:
129:
130:
131:
132:
133:
134:
135:
13a:
137:
135:
139:
140:
141:
142:
143:
144:
145:
144:
147:
145:

setup_wdt (WDT_OCN) ; Jf Evepyonoinorn Watch Dog Timer

while(true) {

delay m= (3000}
restart_wdt () : J{ EmoovEvopin tov Watch Dog Timer

counter = read eeprom(last_count); S Agpoder T SLeUBuvon last_count Kol
J/unoBnkedeL Tn TLpf OTn ueTBANTH counter

if (counter==0x0C) { S/ T o counter &yeL Thov TLuh 12, TATE oxokhoubel
SA1o oDpbdypoupx oAkl HETHPxivel OTo else

setup adc ports(shN1); /f Opropdg PIN Al wg orvohoyLKO
setup_adc ports(sANZ): ff Cpropdc PIN A2 wg cvohoyLKO
ADCON1=0x00: J{ OpLoudc wg Vref+ tn VDD xol wg Vref- 1n Vss

setup ade (ADC CLOCK INTERNAL|ADC TAD MUL 16):
Ff Oproudg ADC pohoyiod To rowTepLid RO (TAD)
ffxoLr Conversion Time 16*TAD

diszable interrupts (GLOBAL); S hmevepyomolinon diwv twvy Interrupts
enable interrupts (INT AD); ff Evepyomoinon tou Interrupt tou ADC
clear_interrupt (INT_AD): // ExwoBapiron Interrupt ADC (et £lag=0)

J/RELD LN1 - Vref

set_adc_channel {1} ; /f Evepyomoinon Eowohioo 1
temp = 0;

sum=0;

for({ i=0 ; i<100 ;i++ ) { S hevyuotohndeil 100 popég

clear interrupt (INT_AD);
read_adc (ADC_START CONLY) ; SFExxivnon ADC, jwplg EKKIVNOn WEIXTIPOONG

sleep(): JS 0 MCU unwive. oF xxT&otoorn sleep
delay_cycles (1)

S/ Otow n flag tou Interrupt ADC yiver 1 1 RETXTPONON EXEL TEAFLGOFEL,
J/o MCUO rmoowépyeTol OfF xoTd&otoon BUN xol 1o mDpdypouucx ouvexl{el

temp = read adc (ADC_READ ONLY); S/ Ano8fhkeuon Tnc TLRAC OTn temp
sum+=temp; S hnmmiovpyice ABpoiopotog
adc done () ; Jf Afhwon TéElOUC RETOTIponfg ADC

delay ms (10} ;

}

calcon=(sum/100) ; S/ Yonohoyiopdg péoovu dpou Twv 100 QETphoEwwv
voalcon=( (calcon *vref) /steps); S/ Metatponf and bits or téor
clear interrupt (INT_AD); /{ ExxcBépLon flag tov Interrupt ADC

J/RERD BMN2 - =signal

set_adc_channel (2) /{ Evepyomoinon Hovohio¥ 2 koo emocvdhnin
Ff Sl lruolag yix To Hoowdhl 2

temp = 0;
sum=0;
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149:
150:
151:
152:
133:
154:
155:
156:
157:
158:
159:
1e0:
161:
162:
163:
164:
165:
lek:
167:
1e8:
169:
170:
171:
172:
173:
174:
175:
176:
177:
178:
1759:
180:
181:
182:
183:
184:
185:
186:
187:
188:
189:
190:
191:
192:
193:
194:
185:
136:
197:
198:
199:
200:
201:
202:
203:
204:
205:
206:
207:
208:
209:
210:
211:
212:
213:
214:
215:
21e:
217:
218:
2139:
220:
221:
222:

for( i=0 ; i<100 ;i++ ) {
clear interrupt (INT 4D):

read adc (ADC START ONLY) ;
sleep():
delay cycles(1);

temp = read adec (ADC _READ ONLY)
sum+=temp;

adc done():

delay ms(10):

H

calib=(sum/100) ;
vealib=( (calib *vref) /steps):

clear interrupt (INT_AD);
setup adc (ADC OFF) ; /f Amevepyomoinon tou ADC

disable interrupts (GLOBAL): J/ Amevepyomolnon oiev Tewv Interrupts
delay ms (200} ;

S hied i rkoola andkinong uétphoewv
vteliko=vcalib-vcalcon; ff RBpuipeon cmd tnv Métpnon tnv Vref

nogain=(vteliko-gainarxi) fgain; J/Epupuovyr tng efiowong tng KopmUhng
S/Evioyvong, yio cpxipeon tng omd tn Métpnon

kg=|( (nogain-arxi) /klis=si): JEyoupuoyh tnc efiiowanc Ttng Eoumihng
SABRLoBnTiipewv, yiX Tov vmnohoyluocd tng piicge (kg)

mass = read float eeprom(last mass): JI o AioPé&ler Tn &LeUuUvon last mass
S/ KoL amoBnxkeUeLl Tnv TLUR OTn WETHBANTR mass

diafora= kg-mass : J{ Yookhoyioudc Tng Avcpopdc

sprintf (kgchar, "%.2f", kg) : S Metatponi) of yoxpoxifpe trng kg,
J/fvix tov cmootokhfy Tng péow Trng R5232
delay ms (200} ;

sprintf (masschar,"%.2f",diafora); Ff Ouoiwg yix trnv diafora
delay ms (800);

S/ Evepyonolnon tov GSM péow 1ng yeoupuhe IGNITION
S fAmootolhf) mohpold otnv IGNITION LINE
output_high(pin C5);
delay ms (100} ;
ocutput low(pin C5);
delay ms(500);
output high(pin C5);
delay ms (20000} 7

printf ("AT\xr"); S/ Eviokf evepyomnoinong
Delay ms (1000):

printf ("AT+CHMGEF=1\xr") » Jf Eviokf] emihoyhc Tovu text mode yio To GSM
Delay ms (200):

printf ("AT+CHMG5=6380844738 ") ; // Evtokl Exxilvnong eyvypoehc RoviRotog
Flko nopdhinin SHiAwon oplLOpol ODopoAfoTn

if(kbhit {)){ S/ Avouovh ovionoKkpLong GSM ue cmooTokll evOeg WHOOKTIpX
Ff ZuvtoEn unviustocg
DELAY MS(200):
printf ("METRISI: ");
Delay ms (800) ;
printft"%s",kgchar};
Delay m= (800) :
printf ("kg") ;
Delay ms(800);
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223: BUTC (0x0D) ; //CARRIAGE RETURN - Néw oeLpd

224: Delay m= (800) ;

225: printf ("DIRFORR: ")

226: Delay ms (800)

227: printft"%s",masschar};

228: Delay m= (800) ;

229: printf (" kg"):

230: Delay ms (800);

231: - S/ AnmooToAl yopoKIfpwy oAOKANP@ONGC TNC & L06 LKoo loc
232: PUTC (0O=x1L4) ; filotl+z
233: PUTC (0x0D) ; //CRRRIAGE RETURN
234: PUTC (0Ox0&) ; //LINE FEED
235: delay ms= (15000); S/EoBuoTEpnon yid OoOToAl unvipotog
236: -

237:

238: printcf ("AT"SMS0\r"™) ; S /Evtokf] Powerdown GSM
239: delay ms (5000);

240:

241: write eeprom|last count,0x01); f/ Apy.xomoinon tov counter
242: delay ms (2000)

243: mass=kg*1.000; S H tehevrtoio MéTpnon udice npénel vo ono8nxevrel
244: SO wix v emouevn popdt Kol ELOMYETCL OTNW UETHRANTH mass
245:

246: write float eeprom(last mass, mass): J// AmoBhkevorn otn last mass
247: - - - -
248: delay ms(2000);

24%: }

250: }

251:

252:

253: else{ S/ Ztnv mepimtwon mou o counter v EXEL TOv TLun O=0C,
254: J /1o mpbypoupo odnyeitol oto else
255:

256: delay ms(2000);

257: counter=counter +1; S/ DAuEével wotd 1 Tov counter
258: delay ms (300) ;

259: write:eeprumclast_count,cuunter}; // AmoBfixevon Tiuflg orn last_count
260: delay ms= (5000) ;

261: -

262: H

263:

264: sleepn(): SP 0 MCU sLgfpyeTol OTnv KeT&oToon sleep
265: }

2ee: }

267:
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2. Awdypappa Pong

APXH

| AHAQIH METABAHTON |

APXIKOMOIHEH last_count
& last_mass

| POWERDOWN GSM |

| ENEPIOMOIHIH WDT |

@

TRUE

| counter = last_count |

| AYZHIH TOY counter KATA 1 |

| ANOGHKEYSH counter 5TH last_count | | ATMENEPTOMOIHZH OAQN TQN |

|OPIZMOZ MNAPAMETPQN ADC |

INTERRUPTS

| ENEPTONOIHEH INTERRUPT ADC |

| AEITMATOAHWIA KANAAIOY 1 - Vref |

| AEITMATOANHWIA KANAAIOY 2 - ZHMA |

| AMENEPITONOIHEH ADC |

| AMENEPIOMNOIHEH OAQN TON

INTERRUPTS

| YMNOAOTNZMOZ kg KAl diafora |

| ENEPFONOIHIH GSM |

TRUE FALSE

| IYNTAZH KAI ANOZTOAH MHNYMATOZ |

| POWERDOWN GSM

| APXIKOMOIHZIH counter |

| AMNOOHKEYZH kg XTH last_mass |
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