AANE=ANAPEIO TEXNOAOTIKO IAPYMA OEZZAAONIKHZ
ZXOAH Z.T.EO.

TMHMA AYTOMATIZMOY

<<NAPATQrH ANAAOTIKQN zHMATQN MEZQ OYPAZ USB>>

Mtuxtakn Epyaoia:Katoikivng Avtwviog (A.M. 07/2307)

OAO TO MPQTO MEPOZ THZ MTYXIAKHZ , ETINE ZE ZYNEPTAZIA ME TON
KAAAMAPH AHMHTPIO.

EnipAsyPn:Kilnpoyhou Mixani

Oeooalovikn NoguBpiog 2014



AQLEPWUEVN OTNV OLKOYEVELX HOU, TOU UE othpLéav KadoAn
NV SLdpKELa TWV OTTOUS WV Hou.
Emion¢ da n9eAa va euyapiotiow tov emiBAénwv kadnyntn uou k. Ki{npoyAov MixaAn,
TTOU UOU EUTILOTEUTNKE TNV MAPOUCA SIMAWUATIKY EPyaoia KAl YLa TIC

MoAUTIUEG oUUBOUAES TOU



EIZATQrH

Ze auth tnv SuTAwpatiki gpyacio  SnUIOUPYACAUE €va AVOAOYLKO CHua
Héow pag Bupag USB. MNa tnv MEAETN ,TNV Katavonon Kol Tpayuatonoinon tng
TITUXLOKAG XPELAOTNKE va avOTPEEOUE OXEOOV O OAEG TIG EUNMELPLEG KO YVWOELG
miou AdPBape ano tig onoudeg oto TUAKA AUTOUATIOMOU .

NnPQTO MEPO2

Xpelwdotnke va mpounBeutolpe €va modulepe evowpatwpeévn Oupa USBto
UM245Rkat éva DAC7611. Mpwtog oOTOX0G MG ATav va HdBoupe Kat va
KaTavorooupe tnv Aettoupyld tou UM245R, o6mou n mruxloky tou ocuvadéidou
QOWinmou Ovnolpopou pag Ponbnoe apketd. Itn cuvexsia ,ypaPape Tov KWdLKA
oto neptBaiAov Tig VisualC++. Ztov npoypappatiopnd tou UM25R xpnoLonoL)cope
™G BLPALOONKEG TOU WOTE VA UMOPECOUKME va CUVOEDEL e TO AELTOUPYLKO TWV
Windows 7. AnULOUPYACOUE €va TPLYWVLKO oApa HEXPL Ta 12bit. And tig 8 €660ug
Tou UM245R XpnOLIOTIOLOAME TIG 3 TIPWTEG WOTE N ML va oTteEAveL Ta dedopéva
otov converter,n 8g0TePN va OTEAVEL TOUG TTOAROUG TOU POAOYLOU KOl N TPLTN VoL LaG
Oelyvel moté ¢optwvete to onua pag. OAa autd ocupdwva pe to Sldypappa
xpoviopou tou DAC. Emetta, mpooBéoape tov DAC7611 omou Ba petatpePet ta
Pnodlakd dedopéva oe avaloylkd oo WOTE VA UIMOPECOUE VO TO ATIELKOVIOOUWE
otov raApoypado.

AEYTEPO MEPO2

Adou mpounBevtnka TNV TAakéta MSP430G2553 1tng TEXAS INSTUMENTS
npoomnddnoa va enavoAdBw to mapandvw project. To meplBaAAov epyaciog mou
xpnotpomnow|Bnke eivat 1o Code Composer Studio. To emBupntd amotéAecpa to
naipvoupe mAAL am’ tov DAC7611p adoU Ttou otelloupe TIC EMOUPNTEC
nmAnpodopieg ar’ Tov MSP.
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1. OEQPHTIKH EIZAIQrH
Baolkég Texvoloyieg elcodou/c€660u

Ta kukAwpoata eo06dou/e€66ou (I/0) TwWV UTOAOYLOTIKWY GUOTNUATWY
nag eaodaiifouv t duvatotnTa TNG ETUKOWWVIOG UE AAAOUG UTIOAOYLOTEG
Kol TEPLPEPELAKEG CUOKEUEG. O €AEYXOG EEWTEPLIKWY OpYyAvwY, KaBwG Kal n
eloaywyn dedopévwy amod to TEPPAANOV TTIPOG TO UTIOAOYLOTIKO KUKAWLLA,
ETUTUYXAVETOL MEOW TwV Bupwv emkowvwviag, HE TN XPAON KATAAANAwWvV
TEXVLKWV.

Z1a EMOUEVA, PE TOV OPO UMOAOYLOTIKO oUoTnUa avadePOUAOTE KUPLWG
o€ MPoowrikoUG uTtoAoyloteg (PC), aAAd Ko O€ HLKPOEAEYKTEG, TIOU €MiONG
SlaBétouv  KukAwpata  elo0dou/e€dbou  (I/O) kot  umopolv  va
XPNOLLOTIOL 00UV TLG (OLEG TEXVIKEG €TIKOWWViAG. Emiong o 0pog pmopel va
ovadEpeTal o «EEUTIVEC OUOKEUEC», LKAVEG va ouvdeBolv Kkal va
ETULKOLVWVNOOUV HE AANEG CUOKEVEG O€ €val UTIOAOYLOTLKO TtepLBAAAov. Na to
AGyo auTo oL Baotkég apxEG Oa MAPOUCLAOTOUV YEVLKA.

NapaAAnAn Emkowvwvio

Ztnv napAaAAnAn enikowvwvia kaBe byte mou elodyetal mpog enefepyaoia
A TIOU TTOPAYETOL WG ATIOTEAECUA O€ VOl UTIOAOYLOTLKO cuotnua epdaviletal
otov Aeyouevo Stadpouo bebouvwy: kabe bit epdaviletal oe pLo ypoppn
tou Sadpopou kot OAa ta bits tou byte epdavitovrar tavtdxpova. H
geloaywyn n e€aywyn tou byte amod kot mpog 1o e€wtepLkd meplBarlov yivetal
ue ™ Bonbela twv StavAwv ewoddou/e€6dou (I/0) Kal pe tnv umootnpLen
KATOAANAWY KUKAWMATWY, Tou ovopadlovtal Jupeg ewododou/eéodou (/O
ports).

O mo dpeocog tPoOmog yla tn petadoon dedopévwy gival n mapdaiinin
enmkowvwvia. Ztnv mapdAAnAn emwkowvwvio 0Aa ta bits pag Aé€ng dedopevwy
petadidovtal tautoxpova mpog tov armodékTn. To UTIOAOYLOTIKO cUoTNUO
doptwvel To MPog petadoon Se60UEVO O€ Evav KATOXWPNTH, TIOU eVEXEL BEon

MVAKNG ME
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Ixfipa 1.1MNapdAAnAn petadopd okt bits™

ZUuyKekpLlEvn OlevBuvon otov xAptn TNG MVAMNG TOU OUOoTAMOTOG. Ta
KukAwpato e§66ou petafLBAlOUV TO TEPLEXOMEVO TOU KATAXWPNTA LECW EVOG
kKaAwbiou TOAAAMAWY OCUPMATWY O0T0 KUKAwpA AAPnG. H 18éa autn
elkoviletal oto ZxNua 1.1.

Ta mAeovektpata thg MapdAAnAng petadopag dedopévwy evtomnilovral
Kuplwg otnv taxutnta petadoon . Eival mpodpaveg Ot pe Tov TPOTO AUTOV N
petadoon yivetat moAU ypnyopa, adol OAa ta bits pag PndloAEEng
HETADEPOVTAL TAUTOXPOVA QMO TOV TOUNO otov amodektn. OuoLOOTIKA, O
puBuOG petddoong meplopiletal amod tnv TaxuTNTA LE TNV omola Aeltoupyolv
TA KUKAWHATO £L0060U/€E060U TOU TTOUTOU KAl TOU SEKTN.

Ta pelovektRpata tng mapAAAnAng petadoong €ival to KOOTOG KoL N
SuokoAia Tng gykatdotaong Twv kaAwdiwv, Adyw tou onupavikol aplBuol
TOouG o€ KABe emkowvwvLakn Zevén. EEGANOU, o€ PLEYAAEG QMOOTAOELG TO OHA
e€aoBevel kalL ouxva mapatnpeitat aAlAnAemibépoaon twv onpATwv TOU
petadidovrat otig mapdAANAEG ypaéS evOg oA oAU kaAwdiou.

Mo toug mapandvw Adyoug n MapAdAANAn €MIKOWVWVIO XpnoLpomoLeiTal
Kuplwg otn S6laoUVOECN OUOKEUWV O€ WLKPEG OMOOTAOELS, OTOV UTIAPXEL
avaykn ywa upnAoug puBpolg petddoong tng mMAnpodopiag. ETol, oUOKEVES
OTIWG Ol EKTUTIWTEG KOLL OL OTTTLKOL COPWTEG, TTOU ATIALTOUV Taxela petadopd
OoNUaVTIKAG Toodtntag mAnpodopiag, Slacuvdéovial peow TApAAANANG
ETUKOLVWVLAG LE TOV NAEKTPOVLKO UTIOAOYLOTH.

INUELWVETAL OTL OL TEPLOCOTEPOL OUYXPovoL UToAoyloteg Slabetouv
6ladpopo bebopevwy (databus) evpoug 32 bits. Evtoutolg, n mapdAAnAn
Hetapopd Twv Sedopuévwy TIPoG eEWTEPLKEG CUOKEVEG YIVETOL LE TOUTOXPOVN
petadoon poévov oktw bits kabe dopa.

Ta 1o yvwotd mpwtokoAa mapAdAAnAng emkowwviag eivat to
ipwTOkoAAo CENTRONICS, yia tnv Turmiki mopdAAnAn BUpa evog UTIOAOYLOTA



PC kal to mpwtokoA\o IEEE 488 1} GPIB, to omoio xpnoluomnoleital oe mMoAAQ
ETLOTNMOVIKA Opyava yla tn Snuloupyia aUTOMOTOTIOLNUEVWY CUCTNUATWY
HUETPAOEWV.

Zelplakn Emwkowwvia

Evag tpomog petadoong tng mAnpodopiag, €OKA O ONUOVTLKES
QMOOTAOELG, €lval N CELPLOKA €MKOWwWvia. Me tov tPomo autd ta bits tng
nmAnpodopiag petadidovral éva kaBe popd, otn CEPd, LECA ATIO Evav aywyo
uetadopdg Twv OSedopévwv. Itnv amAoUoTepn TNEpIMTWOn  TETOLAG
ETUKOWVWVLOG XPELO{OMOOTE TPEL CUVOALKA aywyoUg, £vav yla TNV OIMOCTOAN
6ebopévwy, évav ylwa T ANPn kat évav mou Ba Bploketal oto SuVAULKO
avadopag TwWV HETASIEOUEVWV ONUATWV.

Elvalr mpodaveg OtL yia va amootalouv UE CELPLOKO TPOTO KAToLd
bebopéva péow piag Bupag emkowvwviag evog NAEKTPOVIKOU UTIOAOYLOTH,
TIPETEL TTPWTA VA HUETATPATIOUV amd TN MOPAAAnAn popdr, HE TV omoia
eudavifovtal oto Stadpopo dedopévwy, oe oelplakn popdr. Tn Aettoupyia
outy avoAopPBavel éva  KUKAwua Tou ovopaletat UART (Universal
Asynchronous Receiver/Transmitter), To omolo UTIAPXEL O OAOKANPWUEVN
Hopdr) EMAVW OTN  HUNTPLKAR TAAKETA 1 OTLG HovAdeg €AEyxou Twv
TIEPLPEPELOKWY CUOKEUWV €VOG UTIOAOYLOTH. H A€lToupyila TOU KUKAWHOTOG
autoL otnpietal otn Aettoupyia Tou Kataxwpntr oAicdnong, o omoiog
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adol AdBel kamowa Sedopéva kot ta kataxwpnoet ota flip-flops mou
S6L00¢tel, oAloBaivel ta bits TnG YndPLoAEENg ou €xEL KATOXWPNOEL Eva-Eva
Tipog ta Se€LA 1} POG Ta ApPLOTEPA.

Ta KUPLOTEPO TIAEOVEKTNHA TNG CELPLOKNAG ETUKOWVWVING €lval 0 HKPOG
aplBuoc kaAwdiwv dtacuvdeong ou amatteital, o€ oxEon Ue TNV APAAANAN
ETUKOVWVIA. AUTO KAVEL TNV gykatdotacn ¢OnvoteEPn OTOV OL ATIOCTACELG
elval peyaieg. EmumAgoy, Ta mMPWTOKOAAQ EMLKOLVWVIAG TTOU XpNOLLOTIOLOUVTL
0TN CELPLOKN ETILKOWVWVIA ETILITPEMOUV PEYAAEG OTAOUEG ONUATWY OE OXEON HE
TA TPWTOKOAAA TNG TAPAAANANG ETUKOWVWVIOG, OTIOTE OL QTIWAELEG TOU
onuatog Snuioupyolv UIKPOTEPO TPOBANUA Kal n petadoon o€ HEYAAN
anootaon sivat eduktr. EEGAAOU, pe TNV oelplakn emkowvwvia givat oAU
€EUKOAOTEPN N aoUpuatn petadoon, edlkd péow OSlatdéewv umepubpng
oaktwvoPBoAiag, mou eival moAU Stadebopéveg. TéENog, n oelplakni petadoon
elval mo katdAAnAn ywa xpnon He MLKpoeAeykteG. O Aoyog eival OTL oL
Sladopeg Slatagelg, onmwg petatpomneic A/D, MVAMEG, UTOAOYLOTEG K.ATL
kKataAapBavouv TOAU AlYyOTEPOUG OKPOOEKTEG TOU ULKPOEAEYKTH OTOV
ETUKOLVWVOUV OELPLOKA HE AUTOV, TIAPA OTOV EMLKOWVWVOUV TtapAdAAnAa.
E€GANOU, HEPLKA CUOTAMOTA MULKPOEAEYKTWY €XOUV EVOWMOTWHEVEG BUPEG
oelplakng dtaouvdeong e To eEwTePLKO TEPLBAAAOV, KATL TTOU KOOLOTA aTtAn
™ ocplakny Sacuvdeon Toug ME TEPLOEPELAKEG OUOKEVEG. T NG
Blounxavieg €xel avamtuytet to SSI (Serial Synchronous Interface). To SSI eivat
ML EUPEWG XPNOLOTIOLOUUEVN OELplokn Slemadn UeTAly Twv aleOnthpwv
KOl TWV €EAEYKTWV OE PLOPNXAVIKA OUOTAMATA auTtopatiopol. To SSI
XPNOLLOTIOLEL Lo OELPA TTAALWY POAOYLOU OO €VaV EAEYKTH Lo val EEKLVAOEL
Hia €€060 amo tov awcBntripa. Ta SeSoUEVA EVNEPWVETOL CUVEXWG OO TOV
alobntpa kat mepvouv otov kataxwpntr oAicbnong. Metafy Twv MoApWV
TOU poAoyloU UTtApxEL pla eAdxlotn kabuotépnon Twv 25 XALOOTWV ToU
SeuTtepOAEMTOU, KATA TNV Omola Ta kawvoupla dedopéva petadépovtal otov
kataxwpntr. Ta dedopéva petatomnifovral otav o awcdntipag AdPel maApod
pohoylol amo to controller. 0tav Tto poAdL eival high kat n ehdyiotn
xpovokaBuotépnon mapéNBel véa Oedopéva eival Swabéoua  yua va
Slafaoete.

To Saypappa amnelkovilel Tn Aettoupyia tg B€ong e SSI. H B€on tou
HayvATn TomoBeTnpévo o€ pa pnxovni pe akpifela mpoodlopiletal pue pebodo
HayVNTOOUOTOANG. H Tl peTatoniong mapéxetal o€ eva Binary 24 i 25-bit
GRAY kwbka. H pory dedopévwy petadobnkav oe évav eAeyKT HEOW TNG
Slenadng SSI oe andotaon éwg 240m pe baudrate twv 100kbps.



SSI Block Diagram
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Ixnual.3 Serial Synchronous Interface®
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IxAual.4 Serial Synchronous interface applicationm

OupaUSB

OmoLo¢ armokTA Lo eE0LKELWON PE TNV EMLKOWVWVIA LECW TNG TTAPAAANANG
KOl TNG OELPLaKAG BUpag, Bewpel OTL elval pUOLKO KATIOLA OTLYUN Vo HeTaBel
otn xpnon tn Bupag USB. Eival ¢pavepd OtL n ayopd €xel amodextel MARPWE TN
véa autr Bupa emkowvwviag, Tou TPodavws UNEPEXEL O€ EVUEALELO KAL OE TEXVIKA
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XOPOKTNPLOTIKA, OTIWG N toxVTNTA PETOdOopAc SeSO0UEVWY, O UEYLOTOC APLOUOC
TWV UTooTNPLIOMEVWY TiepLdEPELAKWY, N Slaxeiplon NG NAEKTPLKAG EVEPYELAC

K. Q.

O Tevikog Zelplakog AtavAog USB (Universal Serial Bus) yevvnBnke péoa
and TNV avaykn va cuvbEécoupe Sladopwv 8wV TEpLPEPELOKA, LE Evav
TUMO OUVOEOHOU, KOTA TO Suvatod MUIKpO ot MEyeBOC, Katapywvtog tnv
MOl Twv KaAwdiwv kol Twv petaoxnuatiotwyv tpododooiag, mou
ouvavtape oxedov oe kaBe UTIOAOYLOTIKO cUOTNUA.

Ano puoikn anoyn, o cuvdeopog USB amoteleital anod 1€0oeplg enadeg
and Tig onoieg Eekwvouv dvo Tevyn kaAwdiwv. To €va levyog KoOAwdiwv
XPNOoLLoToLElTaL amd TO MPWTOKOAAO yLa TNV CELpLOKh ekmoumn Sladoplkwyv
onuatwyv avapeoa otov untoAoyloth (host i §eviotn) katl otnv meplpepeLakn
ouokeun. To &eltepo TelyoC XPNOLUEVEL yia TNV mapoxy tpododoaciag ota
nepldepelokd. O ouvdeopog amod tn HePLA tou feviotn (ocuvdeopog A) sival
SLadopeTikdg and To cUVOECUO TIPOG TN UEPLA TWV TIEPLPEPELAKWY CUOKEU WV
(oUvdeopog B) kal €ToL eivat aduvato va ouvdebel to kaAwdilo avamoda.

To USB é€xeL pulikd ekouyxpovicel tn OSwadikacio autr. OL Xpnoteg
UmopoUlV va TPocoBEtouv Kal adalpouv TePLPEPELAKA OTWG EKTUTIWTES ,
dWTOYPADLKEG NXOVEG , COPWTEG , KAl €va gupl GAcU Twv avOpwTVwWY
Zuokeuég Staouvdeong xprnotn ( HIDs ) xwpig emavekkivnon . ZUOKEVEG elval
"hot swappable" . Ot 0dnyol cuokevwv elval akopun amopaitntol, aAAd 1O
HOVo Ttou xpeLaletal ival va eykataotabouv pia popd. Kot ot e€eLEIKEVUEVEG
EOWTEPLKEG KAPTEG ElvOL TIEPLTTEG OTAV MO CUCKEUN CUVOEETAL MEOW TNG
BUpag USB. To USB €xeL emiong efaupetikhy kavotnta emnéktacng. Otav
ouvbudletal pe USB hubs, emapkeic mopoug yia PC, kat pe tnv KatdAAnAn
kaAwbiwon, ua eviaia BUpa USB pmopel va Siaxelplotel péxpt kat 127
OUOKEUEG. (ZUyKpLTIKA , Eva tpotuTio DBI cuvdeon eAEyxeL LOVO €val KOUMATL
tou efomAlopol) Etol, Sev umdpxel kopia audiBoAia o6t n USB €xel
arnodexBOel OtL elvat TOAU xpriouo Kot dev €xel €pBel ebw yla va peivel. AANG
yla va TIApEL Ta HEYLOTA amo Tov €EOMALOUO TIOU XPNOLOTIOLoUV TToAaLoTEPQ
TIPWTOKOAAQ, KOL Yl VA KPATAOEL TO AELTOUPYLKO €EOTALOMO, HE TARPN
Aettoupykotnta o€ OAn TNV wodEALUn Sidpkela {wNG Tou, oL TAAALOTEPES
OUOKEUEG TIPETEL val €lval oe B€on va EMIKOWVWVOUV UE TAL CUCTAMATA TIOU
xpnotuomowoUv USB. Mou pmopel va yivel pe apketd gUkoAa pe USB oe
OELPLOKA UETATPOTEL - UE TNV MpoUmobeon OtTL €XeTe €MAEEEL TO OWOTO
HETOTPOTIEN .

Exouv kataokeuvaotel oelpeg amd  Plopnxavikeg umodoxeg USB (m.x.
IP65/IP67 ODVA). OL oUvbeopol eival 8avikol yla OAEC TIC PLOUNXAVLKEG
edappoyég USB oOmou amatteitol pia peydAn duvatdtnta acddAeiag. Ot

10
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OUOKEUEG €xouv oxedlaotel ylwa tn OlaoUVOeon HE MLKPOEAEYKTEG yla
UNXOTPOVIKEG ouvdéoelg kal I/O interfaces otn Blopnxaviky texvoloyia
OUTOMATIOMOU, unxavoAoyia ( m.X. mAvel ouUvdeong) Kal HNXAVOAOYLKWV
EYKATOOTAOEWV. TUTILKEG EdappoyES tepAapBavouy Blopnxavikeg Avoelg PC,
€AEYXOU KOL OUTOMATLOMOU, inverters Kol POUTIOTIKEG EPAPUOYES , KABWG Ko
ocuvotnuatwy fieldbus.

ETHERNET

To Ethernet eivat pakpav n mo 6Swadedopévn texvoloyia LAN onuepa ,
ouvbéovtag meploootepa anmd to 85% otov KOopo twv LAN ouvbebepgvwy
UTIOAOYLOTEG Kot otaBpolg epyaciag. To Ethernet avadépetal oTnv oLkoyEVELa TWV
TEXVOAOYLWV SIKTUWONG UTIOAOYLOTWVY TtIou KaAuTttovtal arnd to npotumo IEEE 802.3,
KOl WITOPEL VoL TPEEEL TAVW KAl oo OTTTIKEG (veg Ko ard kaAwdia otpifo-levyaplou
(twisted-paircables). Metd anod xpovia, 1o Ethernet €xel otaBepd e§eAxBel yia va
napacyeL mpooBetn anodoon kat euduia ota diktua. Auth n cuvexng BeAtiwon €xel
kavel To Ethernet pa efatpetikr AVon yla BlLOpNXavikeg ePpapUoyEG. ZUEPQ, N
TEXVOAOYLOL QUTH UIMOPEL va TTaPEXEL TECTEPLG pUBOUG SeboUEVWV.

e 10BASE- T Ethernet mpoodépel anodoon ewg kat 10 Mbps nmavw amnod xaAkwvo
KaAwdLo cuveoTtpappévou (evyoug .

e To Fast Ethernet auavel g mpodiaypadeg ( 100 Mbps ) taxvutnTag Tou
10BASE - T Ethernet evw Statnpwvtag TOAAEG amd TLG TEXVIKEG ipodilaypadég Tou
Ethernet . OL OMOLOTNTEG QUTEG ETUTPETIOUV OTOUG OPYAVIOUOUG VO XPNOLLLOTIOLOUV
10BASE -T edappoyeg kat ta epyadeia Staxeiplong tou diktuou og ypriyopa diktua
Ethernet.

e Gigabit Ethernet emekteivel to mpwtokoAlo Ethernet akoun meploodtepo ,
avéavovtag tnv taxutnta 6éka ¢opeég mavw amo Fast Ethernet oe 1000 Mbps 1 1
Gbps. Eneldn Baoiletatl oto onuepwvo mpotumno Ethernet kat eivat cuppoato pe tnv
eykateotnpeévn PBdaon tou Ethernet kau Fast Ethernet switches kal routers , ot
Slaxelplotég tou Siktuou pmopel va umootnpiéouv Gigabit Ethernet xwpilg va
XpELdleTal va emavekmaldeutouV f va pdbouv pLa véa texvoloyia

. ® 10 Gigabit Ethernet, mou emkupwBnKe wg mpotuno Tov lovvio tou 2002 ,
anoteAel pla akopn taxltepn €kdoon tou Ethernet . Emeldn to 10 Gigabit Ethernet
elval éva eidoc Ethernet , mou umopel va otnpifel evdueic Ethernet -based
UTtNPEGCLEG SIKTUOU , UTMOPEL VO AELTOUPYNOEL LE TLG UTTAPXOUCEG APXLTEKTOVLKES , KOl
TNV eAdxLotn mpoomabeila ekpadnong twv xpnotwyv . H uPnAn taxvtnta petadoong

11
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6ebopévwy twv 10 Gbps mpooBETEL pLa KaA Avon yla tnv moapox uPnAou eUpoug
{wvng o dikTua eupelag MePLOXAG KaL TWV PNTPOTOALTIKwY Siktuwv ( MAN ).

Avayvwpilovtag otL to Ethernet eivat n kopudaia Avon SKTUwoNG, TOANEC
Blopnxavikeg opyavwoel elonyayav tnv napadootakn fieldbus apyltektovikn yla
to Industrial Ethernet. To Industrial Ethernet edapudlel ta mpoTUMA TTOU €XOUV
avarntuxBet yla ta Sedopéva emikolvwvia pe Ta diktua eAéyxou mapaywyng (Ixnua
3). Xpnowuomnowwvtag IEEE standards-based, ot Blopnyavieg umopouv va petadépouv
TO OGUVOAO N LEPOG TWV EPYACLWY OTO EPYOOTACLO TOUG o€ €va TeplBaAlov Ethernet
LE ToV pUBUO Tou embBupouv.

Figure 3.  Using Intelligent Ethernet for Automation Control

Device Profiles 58 O?:’T{gr Valves Drives Robots Other
Application Object Library @ Fieldbus
} Specific
Inati Data Management Services
|
AppRceon { Explicit Messages, I/O Messages
Message Routing, Connection Management
L4 Transport (
L3 Network [ICE: uDe, QoS
P Parameters
L2 Data Link
Ethernet

MCA/LLC
L1 Physical

Physical Layer

Ixnua 1.4 Using intelligent Ethernet for Automation Control™

MNna nmapadeypa, 1o mpwtdékoAo Common Industrial (CIP) éxeL epoapuoyég mou
Baoilovtal oto Ethernet kat oto IP protocol suite (Ethernet / IP), oto Device Net kat
oto Control Net (petafl GA\wv). OL meplooOTEPOL EAEYKTEG (UE TIGC KATAAANAEG
ouvdéoelg Siktuou) pmopel va petadépouv dedopéva amnd to éva PEPog Siktuou
ota aA\a, aflomolwvtag T UPLOTAUEVEG EYKATAOTAOELS, OAAQ EKUETAAAEUOUEVOL
to Ethernet. H fieldbus doun debopévwv edapudletal o otpwuata 5, 6, kaL 7 Tou
povtélou avagopdg OSI amnod ta Ethernet, IP,kat TCP / UDP oto eminedo petadopdg
(Layer 4).To mAeovéktnua tou Industrial Ethernet sivat otL ot Blopnyavieg kat ot
OUOKEUEG UMOPOUV va CUVEXiOOUV va Xpnolpomololv ta mapadoolakd epyaleia
TOUG KOl TI( EDAPUOYEG TIOU TPEXOUV OE WL TIOAU TILO OUMOTEAECUATLKA UTTOSOUN
Siktvwong. To Industrial Ethernet 6ev divel pévo tnv ypriyopn emikowvwvia petagy
TWV KOTOOKEVOOTIKWY OCUOKEUWYV, OAAA Kkal Sivel otoug XpAoTeG TNV KOAUTEPN

12
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ouvbeopuotTnTa Kot tn Sladavela, EMULTPEMOVTIAG OTOUG XPNOTEG va ouvdeBOUV E TIG
OUOKEUEG TTOU BENOUV XWwpLG va amaltel EExwpLoTEG TTUAEG.

13
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2.UM245R-DAC7611

2.1.UM245R

To UM245R eivat éva module tng etatpiag FTDI (Future Technology Devices
International Ltd) to omoio xpnowomoiet to chip FT245R. To FT245R eival éva USB
pue mapadAnAo FIFO interface. EmutAéov SlaBétel TIg Asttoupyieg olyxpovo Kot
oaolyxpovo bitbang interface. Ané USB o0& mapdA\nho oxedldotnke
xpnowdorowwvtag to FT245R kal €xel amAomownBel mepaltépw e TNV TARPN
evowpatwon tou eéwteplkol EEPROM , kUKAwpa poAoylou kat USB aviloTAocELG
EMAvw otn ouokeur. H UM245R napéxetat oe éva PCB to omolo €xeL oxedlaotel ya
va ouvbEoel og €va mpotumo 15,0 xltootwy ( 0,6 ") oe mAdtog 24 pin DIP . OAa ta
efaptipata mou xpnotpormnolouvtal , cupmneplAappavouévng tng FT245RL eivatl Pb -
free ( RoHS oupupato ).

Ixfipa 2.1 UM245R™

2.1.1 The BitBang Mode - Asynchronous

H Bitmode Bang eival pia £181kn Asttoupyla tng ocuokeung FT232R kat FT245R mou
oAAalel Tig 8 ypappég I/0O os éva 8bit apdidpopo Siavlo dedopévwv. Ymdapyouv
TPELG TUTIOL TWV bitmodeBang yia tnv FT232R: acuyxpovng BangBit, to omoio eival to

14
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i6lo pe to FTDIBM kat Cchip — style BangBit mode, pe tnv mpooOnikn 1ng
«avayvwong» Kat «eyypadnc»  otnv mepimtwon tou FT232R. Ztn «2U0yxpovn
BitBang» ta 6ebopéva povo Siafalovtat. Auth eival n idla Asttoupyld  pe tnv
ouyxpovn Aettoupyia tou FT2232 BangBit. H CBUS BitBang Asttoupyia, puia véa 4-bit
€kdoon tou Bit Asttoupyia Bang sivat StaBéoua oto FT232R CBUS aAAd oxL yla to
FT245R.

H aouyxpovn kal cUyxpovn Asttoupyld BangBit evepyomoleite amod TG EVIOAEG TOU
driver, evw CBUS BitBang mpémnet va cuotabel otn ouokeuri EEPROM mpuv va pmopet
va evepyorolnBel pe tnv evtoAn tou driver.

Epelc xpnolwlomoljoape oOTOV TPOYPOAUMUATIONO Tou UM245r tnv aocuyxpovn
Aettoupyld. Ztnv Acuyxpovn Aewtoupyia Bit Bang eivair to (6o pe BM-style
Aettoupyia BangBit. Omowadnimote dedopéva ypddovial otn CUOKEUN KOTA TOV
ouvnOn tpomo Ba autoouxpovilovtal ota pins ta omoia €xouv Sapopdwblel wg
€€obol. KaBe pin pmopel va kaBoplotel autoteAws wg eicodog f €€060¢. O puBUOG
otL ta debopéva cuyyxpovilovtal eAéyxetal amd tnv Baud-rate yevvAtpla. Mo
oAAa&ouv ta dedopéva TpEmel va eyypadolv véa Kal To poAoL Tng Baud-rate mpémnel
va «tepupatioen. Av bev eyypadouv véa Sedouéva otn cuokeur, ta pins Oa
KpATAoOoUV TNV TEAEUTALN TLUN TOU YPAPDTNKE.

Otav n AoUyxpovn Bang Bitmode eival evepyomownpévn oL ypoupég 1/0
Stapopdwvovtal wg eEAG:

FT232RL/FT245RL | FT232RQ/FT245RQ - .

S NumI{er Pin Number Signal Type Description
1 30 DO Input/Output Bit Bang data Bus bit 0
5 2 D1 Input/Output Bit Bang data Bus bit 1
3 32 D2 Input/Output Bit Bang data Bus bit 2
11 8 D3 Input/Output Bit Bang data Bus bit 3
2 31 D4 Input/Output Bit Bang data Bus bit 4
9 6 DS Input/Output Bit Bang data Bus bit 5
10 7 D6 Input/Output Bit Bang data Bus bit 6
6 3 D7 Input/Output Bit Bang data Bus bit 7

IxAua 2.2 Mwvakog emé&wv/eﬁé&wvm

Mepikeg D2XX evtoAég Tou obnyou eival avaykaieg ya tn xprnon Acuyxpovn Bang
Bit. OL L0 oNpaVTIKEG avadEpovTal MOPUKATW:

15
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TheBitBangMode-Synchronous

D2XX Function

Description

FT_SetBitMode

Asynchronous Bit Bang mode is enabled using the FT_SetBitMode command.
A value of 0x01 will enable it and a value of 0x00 will reset the device mode.
(see note 1)

FT_SetBaudRate

The rate of data transfer can be controlled by using the FT_SetBaudRate
command. The maximum Baud rate is 3MBaud, but to allow time for thedata to be
setup and held around the WR# strobe the Baud rate should be less than
1MBaud.The clock for the Asynchronous Bit Bang mode is actually 16 times the
Baud rate. A value of 9600 Baud would transfer the data at (9600x16) = 153600
bytes per second, or 1 every 6.5 uS.

FT_Write

Data can be written to the device in Asynchronous Bit Bang mode using the
FT_Write command. If multiple bytes are written to the device the values on the
pins will change at the rate set by FT_SetBaudRate

FT_GetBitMode

FT_GetBitMode returns the instantaneous value of the pins. A single byte will be
returned containing the current values of the pins, both those which are inputs and
those which are outputs.

FT_Read

FT_Read will return a buffer of values which have been sampled from the pins at
the rate set by FT_SetBaudRate. If the read buffers have filled, data will be lost.
Each byte returned contains the values of the pins, both those which are inputs
and those which are outputs.

IxAHa 2.3 BAOLKEG EVTOAEG

Me tnv ouyxpovn Aettoupyia BitBang, ta dedopéva Ba otaholv pévo av umapxel

XWPOG OTN CUOKEUN yla ta dedopéva mou Tpenel va StaBaoctouv and ta pins.Eniong

otnv acuyxpovn Asttoupyld Ba Stafaoctouv ta dedopéva mou Bpiokovtal ota pins,

npotouoTtalAel To byte Ba petadepOel. Zuvenwg, umapxel 1 byte miow ano tnv €€o0do

Kal €tol Ba Stafacete TG eLl0OS0UC yLa To byte mou HOALG €oTel)g, Kal Eva AAAo byte

TIPEMEL VA OTOAEL.

t1 t2 t3 t4 t5 t6 |
Clk Time | I
D7..0 Current Data >——< New Data
WR# \_/7
RD#

IxAua 2.4 To S1dypappo Xpovicuou ()

16
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Otav n oUyxpovn Bang Bitmode eilval evepyomoilnuévn ot ypappég 1/0
Slapopdwvovtatl wg eEAG:

FT232RL/FT245RL | FT232RQ/FT245RQ | ¢; ioti

S I{er Pin Number Signal Type Description
1 30 DO Input/Output Bit Bang data Bus bit 0
5 2 D1 Input/Output Bit Bang data Bus bit 1
3 32 D2 Input/Output Bit Bang data Bus bit 2
11 8 D3 Input/Output Bit Bang data Bus bit 3
2 31 D4 Input/Output Bit Bang data Bus bit 4
9 6 DS Input/Output Bit Bang data Bus bit 5
10 7 D6 Input/Output Bit Bang data Bus bit 6
6 3 D7 Input/Output Bit Bang data Bus bit 7

IxfApa 2.5 Mwakac elo6dwv/e€68wv!

Mepikég D2XX evioAég Tou 0bnyou eival avaykaieg yla tn xprion Acuyxpovn Bang
Bit. OL TtLo onuavTikéG avadépovtal MapaKATwW:

D2XX Function Description
) Asynchronous Bit Bang mode is enabled using the FT_SetBitMode command.
FT_SetBitMode A value of 0x01 will enable it and a value of 0x00 will reset the device mode.

(see note 1)

The rate of data transfer can be controlled by using the FT_SetBaudRate
command. The maximum Baud rate is 3MBaud, but to allow time for thedata to be
FT SetBaudRate setup and held around the WR# strobe the Baud rate should be less than

B 1MBaud.The clock for the Asynchronous Bit Bang mode is actually 16 times the
Baud rate. A value of 9600 Baud would transfer the data at (9600x16) = 153600
bytes per second, or 1 every 6.5 uS.

. Data can be written to the device in Asynchronous Bit Bang mode using the
FT_Write FT_Write command. If multiple bytes are written to the device the values on the
pins will change at the rate set by FT_SetBaudRate

. FT_GetBitMode returns the instantaneous value of the pins. A single byte will be
FT_GetBitMode returned containing the current values of the pins, both those which are inputs and
those which are outputs.

FT_Read will return a buffer of values which have been sampled from the pins at
FT Read the rate set by FT_SetBaudRate. If the read buffers have filled, data will be lost.
- Each byte returned contains the values of the pins, both those which are inputs
and those which are outputs.

Ixfina 2.6Baoctkéc eviohéc™

2.1.3NepypadpnUM245R
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Nepwypadni Oupwv UM245R
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Pin No. | Name | Type Description

1 DBO /o FIFO Data Bus Bit 0*

2 DB4 1/0 FIFO Data Bus Bit 4*

3 DB2 1/0 FIFO Data Bus Bit 2*

- VIO PWR +1.8V to +5.25V supply to the FIFO Interface and Control group pins (1...3, 5, 6,
9...14, 22, 23).

In USB bus powered designs connect to 3V30UT to drive out at 3.3V levels (connect
jumper J1 pins 1 and 2 together), or connect to VCC to drive at 5V CMOS level (connect
jumper J1 pins 2 and 3 together). This pin can also be supplied with an external 1.8V -
5.0V supply in order to drive at different levels. It should be noted that in this case this
supply should originate from the same source as the supply to Ve, This means that in
bus powered designs a regulator which is supplied by the 5V on the USB bus should be
used.

S DB1 1/0 FIFO Data Bus Bit 1*

6 DB7 1/0 FIFO Data Bus Bit 7*

7,24 GND PWR Module ground supply pins

8 DBS /o FIFO Data Bus Bit 5*

) DB6 1/0 FIFO Data Bus Bit 6*

10 DB3 1/0 FIFO Data Bus Bit 3*

11 PWE= 1/0 Goes low after the device is configured by USB, then high during USB suspend. Can be
used to control power to external logic P-Channel logic level MOSFET switch. Enable the
interface pull-down option when using the PWREN= pin in this way.

12 RD= 1/0 Enables the current FIFO data byte on D0...D7 when low. Fetched the next FIFO data
byte (if available) from the receive FIFO buffer when RD= goes from high to low. See
Section 4.4 for timing diagram.®

13 SLD GND USE Cable shield.

14 use Output | 5V Power output USB port. For a low power USB bus powerad design, up to 100mA can
be sourced from the 5V supply on the USB bus. A maximum of S00mA can be sourced
from the USB bus in a high power USB bus powered design.

15,21 vCC PWR These two pins are internally connected on the module PCB. To power the module from

or the 5V supply on USB bus, connect jumper J2 pins 1 and 2 together (this is the module
Output | default configuration). In this case these pins would have the same description as pin
14,
To use the UM245R module in a self powered configuration, ensure that jumper J2 pins
1 and 2 are not connected together, and apply an external 3.3V to 5.25V supply to one
or both of these pins.

17 PU1 Control | Pull up resistor pin connection 2. Connect to pin 17 (RST#) in a self powered
configuration.

16 pPU2 Control | Pull up resistor pin connection 1. Connect to pin 14 (USB) in a self powered
configuration.

19 3v3 Output | 3.3V output from integrated LDO regulator. This pin is decoupled to ground on the
module PCB with a 100nF capacitor. The prime purpose of this pin is to provide the
internal 3.3V supply to the USB transceiver cell and the intemal 1.5kQ pull up resistor
on USBDP. Up to 50mA can be drawn from this pin to power external logic if required.
This pin can also be used to supply the FT245RL’'s VCCIO pin by connecting this pin to
pin 4 (VIO), or by connecting together pins 1 and 2 on jumper J1.

20 RST= Input Can be used by an external device to reset the FT245R. If not required can be left
unconnected, or pulled up to VCCIO.

18 WR 1/0 Writes the data byte on the D0...D7 pins into the transmit FIFO buffer when WR goes
from high to low. See Section 4.4 for timing diagram.*

Ixfipa 2.8
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Pin No.

Description

22

/0

When high, do not write data into the FIFO. When low, data can be written into the
FIFO by strobing WR high, then low. During reset this signal pin is tri-state, but pulled

23

RXF#

/0

When high, do not read data from the FIFO. When low, there is data available in the
FIFO which can be read by strobing RD# low, then high again. During reset this signal
pin is tri-state, but pulled up to VCCIO via an internal 200k resistor. See Section 4,4
for timing diagram.

If the Remote Wakeup option is enabled in the internal EEPROM, during USB suspend
mode (PWREN# = 1) RXF# becomes an input which can be used to wake up the USB
host from suspend mode. Strobing the pin low will cause the device to request a
resume on the USB bus.

Description

3v3

Output

3.3V output from integrated LDO regulator. This pin is decoupled to ground on the
module PCB with a 100nF capacitor. The prime purpose of this pin is to provide the
internal 3.3V supply to the USB transceiver cell and the internal 1.5kQ pull up resistor
on USBDP. Up to SOmA can be drawn from this pin to power external logic if required.
This pin can also be used to supply the FT245RL's VCCIO pin by connecting this pin to
pin 4 (VIO), or by connecting together pins 1 and 2 on jumper J1.

up to VCCIO via an internal 200k resistor. See Sedtjon 4.4 for timing diagram.

VIO

+1.8V to +5.25V supply to the FIFO Interface and control pins (1...3, 5, 6, 9...14, 22,
23). In USB bus powered designs connect to 3V3 to drive out at 3.3V levels (connect
jumper 11 pins 1 and 2 together), or connect to VCC to drive out at S5V CMOS level
(connect jumper J1 pins 2 and 3 together). This pin can also be supplied with an
external 1.8V - 2.8V supply in order to drive out at lower levels. It should be noted that
in this case this supply should originate from the same source as the supply to Vec.
This means that in bus powered designs a regulator which is supplied by the 5V on the
USB bus should be used.

vCC

VCC Output. This will be 5V from the USB bus if pins 1 and 2 on jumper J2 are
connected. Alternatively, if the module is in a saif powered configuration, the supply to
the VCC module pins (15 and 21) will be brought out to this jumper pin.

Connect this jumper 11 pin 2 in order to supply the device 10 pins from the supply to

VCCIO.

Description

uUsB

5V Power output USB port. For a low power USB bus powered design, up to 100mA can
be sourced from the 5V supply on the USB bus. A maximum of 500mA can be sourced

from the USB bus in a high power USB bus powered design with the use of an extermnal
power switch (See Section 7.3).

vCC

PWR or
Output

Board supply input. Connect to jumper J2 pin 1 in order to supply the board from the
USB bus.
This pin is internally connected to the VCC DIP pins. Remove the jumper connector in @

self powered desian.

Ixfipa 2.9
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Awaypappata Atentadrg EAEYXoU XPOVIKWV KUKAWV

RXF# —\

RD# _\

D[7.

0] 4<

TS — /L

<

™

—» T3 e

Valid Data

Figure 4.2 FIFO Read Cycle

Time | Description Min Max Unit
T1 RD# Active Pulse Width S0 ns
T2 RD# to RD# Pre-Charge Time S0 + T6 ns
13 RD# Active to Valid Data* 20 50 ns
T4 Valid Data Hold Time from RD# Inactive* 0 ns
T5 RD# Inactive to RXF# 0 25 ns
16 RXF# Inactive After RD# Cyde 80 ns
Tr_Li_. a aryvran._ A oo Tt L

IxfApa 2.10 Adypappa xpoviopol yia «AwdBaopar™

TXE# =
r T9 re — T10
D[7...0] < Valid Data

Figure 4.3 FIFO Write Cycle

Time | Description Min Max

7 WR Active Pulse Width 50 ns
18 WR 0 RD Pre-Charge Time 50 ns
T9 Data Setup Time before WR hnactive 20 ns
T10 Data Hoki Time from RO Inactive 0 ns
T11 WR Inactve to TXES 0 25 ns
T12 | TXE Inactive After WR Cycle 80 ns

IxfApa 2.11 Adypappa XpoviopoU yia «Eyypadri»™
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2.2 DAC7611

Nepwypadn DAC7611

To DAC7611 eivair €vag 12-bit DtoA petatpoméag (DAC). Amoawtel 5V
tpododooia kat meplExel évav shift katayxwpnti €woddou, éva latch, 2.435V tun
avadopag, DAC, évav evioxut) mapdywyns vdnAng taxvtntag railtorail. Na éva
Tapayovilko Bruna peyeéboug n €€odog Ba yivel oe 1 LSB ota 7ms. H cuokeun
katavoAwvel 2.5mW (0.5mA oe 5V).To olyxpovo oelplako interface sivat cuppato
ue eupeia motkAia Twv DSPs kat pikpogheyktwy. To poAoL(CLK), oelplakda dedopéva
€lo06ou (SDI), kat to LD meplhapfadvel tn oslplakn B0pa. EmumAgov, Vo akoua pins
napéxouv €va CS Aettoupyiag kat pia acvyxpovn clear (CLR) ewo6bou amd tnv
edappoyn. H gicodog CLR umopet va xpnowuomnotnBet ywa va eéaodaliotel Ot n
€€0b0¢ tou DAC7611 eivat OV yla power-up Omnwg amatteitotl and tnv ebappoyn.
Télog,to DAC7611 eivar daBéopo oe pia 8-SOIC poAuBdou n 8-pin mMAAOTIKA
cuokevaoia DIP .

XapaKTNPLOTLKA

* LOW POWER: 2.5mW

* FAST SETTLING: 7ms to 1 LSB

e 1mV LSB WITH 4.095V FULL-SCALE RANGE

¢ COMPLETE WITH REFERENCE

e 12-BIT LINEARITY AND MONOTONICITY
OVER INDUSTRIAL TEMP RANGE

¢ ASYNCHRONOUS RESET TO oV

e 3-WIRE INTERFACE: Up to 20MHz Clock

* ALTERNATE SOURCE TO DAC8512

EDAPMOrIEZ

* EAEMXOZ AIEPTAZIAZ

* AINOKTH2H AEAOMENQN

* EAEMXOz ME ZEPBOMHXANIZMO KAEIZTQN BPOXQN
* TEPI®EPIAKO YNOAOTIXTH

* OOPHTH ENOPTANQZH

22
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AKPOAEKTQN

Top View

DIP

<
§

DACT611

I g

]l ]

=
o

Ixfina 2.12 Kéroyn DAC7611%

NEPITPA®H AKPOAEKTQN

PIN LABEL | DESCRIPTION

1 Voo Power Supply

2 cs Chip Select (active LOW).

3 CLK Synchronous Clock for the Serial Data Input.

- SDI Senal Data Input. Data is clocked into the intemal
serial register on the rising edge of CLK.

5 [Is) Loads the Intemal DAC Register. NOTE: The DAC
register is a transparent latch and is transparent
when LD is LOW (regardiess of the state of CS or
CLK).

6 CLR Asynchronous Input to Clear the DAC Register.
When CLR is strobbed LOW, the DAC register is set
to 000y and the output voltage to OV.

7 GND Ground

8 Vour Voitage Output. Fixed output voitage range of ap-
proximately OV to 4085V (1mV/LSB). The intemal
reference maintains this output range over time,
temperature, and power supply vanations (within
the values defined in the specfications section).

Ixnua 2.13 Nepypadn akpodektwvDAC761

102
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AIATPAMMATA XPONIZMOY

TIMING DIAGRAMS

24

(MSB)

(LSB)

Sl ID11XD1OXDQIDSID7XDGXD5XD4103XD21D1XDOX

r*i

[=—Tess
cs l
- o

Loz e

D

IxApa 2.14 Aldypoppa xpoviopou DAC761
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3.NEPIFPAQH KYKAQMATO2

To MPpWTO HEPOC TOU KUKAWMATOG HOG Elval 0 UTTOAOYLOTHG OTtou e pia Bupa USB to
ouvdéoupe pe to UM245R. A6 to UM245R XpnOLUOTOLCAUE TNG TPWTEG 3
€€odou¢(D0,D1,D2). And autég tig 3 €€6doug ouvbéoupe tov DAC7611 otoug
okpobékte¢ DO->SDI, D1->CLK kaitD2->LD. Amo tov DAC amd tov akpodEKTn

VoutOTOV maApoypado
@ Preview File Edit View Go Tools Window Help 0 4 Do @ E Wed6:33PM Q IS

IxAua 3.1. mAavo epyaciag
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4.NMEPITPAD®H NPOrPAMMATOZ

O kwbkag ypadtnke oto meptBaiov tng VisualC++ . Xpnopomnotjoape 1o Software
Application Development D2XX Programmer's Guide mou 1o mpounBeutnKkape amnod
to www.ftdichip.com. H etaipia xopryet toug drivers kat tng PBiBAloBrkeg mou
xpetaotnkav. Apol kavoupe connect to UM245R e Tov UTIOAOYLOTH) KOTODEPAE VA
Snuoupynooupe éva Kwdika cUPdWVA LE TO TOPAKATW SLAYPAUUA XPOVIOUOU TOU
DAC7611

TIMING DIAGRAMS

SDI I(’;ile 0101 D9 l D8 X 7 x D6 X D5 x D4 I D3 K D2 X D1 I[LS?X

AR U U U U U U Y Y R U A O A O
— ~— fess Loy —=  |=—
=y Lo

| —-— —— l.DZ |—-—

Ixfna 4.1.Atdypoppa xpoviopol DAC7611%
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4.1. BIBAIOOHKEZ YNOZTHPIZH2

H mpwtn kat Baoikotepn BLBAL0ONRKN eival n «Ftd2xx . h»omou avtiotolyet
OTLG eVTOAEG Tou UM245R. Ztnv ouvexeia mpooBétoupe tnv <windows.h >

ylia va mpaypatornotjooupe WindowsAPl kat tnv  <math.h> yua pobnuatikég
TPALELC.

dimitris.cpp X JFI 18] Form1.h [Design]

(Global Scope) v[ ¥ main(array<System::String > * args)
E// dimitris.cpp : main project file. |

A
—
)
o
=3
]
B

#include “"stdafx.h"
#include <math.h>

| #include <windows.h>
#include "ftd2xx.h"
#include “"Forml.h"

IxAua 4.2
ITnVv ouvéxela akAouBoUue To «UovomaTLy project < properties < Linker < input <
additional Dependencies kat tpooBétoupe to ftd2xx.lib

dimitris Property Pages
L
Configuration: |Active(Debug) v] Platform: [Active(Win32) '] [ Configuration Manager... ]
> Common Properties Additional Dependencies ftd2xx.lib;%(AdditionalDependencies) |ZI
4 Configuration Properties Ignore All Default Libraries
General Ignore Specific Default Libraries
Debugging Module Definition File
VC++ Directories Add Module to Assembly
p C/C++

Embed Managed Resource File

4 Linker Force Symbol References
fe"e'a' Delay Loaded Dils
npu!: . Assembly Link Resource
Manifest File

Nehinnina

IxAua 4.3
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4.2 FORM DESIGN

i N

5! Serial Converter o || 2| =]

Establish connection to UM245R

Connect ] [ Disconnect ]

Connection Status

Define Waveform ;

Starting Number 0

Finish Number 4095

Sat | [ Ext
______________________________________________________________________________________________ — L

IxAua 4.4 FormDesign

Auth eivat n Form Design tng edpapuoyng. 2to mAaiolo «Establish connection to
UM245R» xpelaotnkape 2 button yla va amelkoviocoupe tnv olvéeon i Un Tou
UM245R kat 2 label wote va amnewoviletal av ouvéEBnke 3 6xL to module. Meta
oto mAaiolo «Define Wave form» mpooBéoape OSuo textbox ylwa va opiooupe tnv
OPXLKNA KO TNV TEALKA TLUN TOU TPLYWVLKOU onpatog pag ou Ba oteiloupe otov DAC.
TéAog éva button yla “Start” ywa va apyilel va otélvel ta bit kat éva button yla
“Exit” yla va teppatiloupe tnv epapuoyn.

28
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4.3.KQAIKAZ

#pragmaonce
#include<time.h> // Ba pog xpelactel otn ouvexeila

namespacedimitris {

usingnamespace System;

usingnamespace System::ComponentModel;
usingnamespace System::Collections;
usingnamespace System::Windows::Forms;
usingnamespace System::Data;
usingnamespace System::Drawing;

FT_HANDLE ftHandle;
FT_STATUS ftStatus;
DWORD BytesWritten;

int bitArray[12]; //

elval petafAnTEG mou amattouvtal va ypadtoUV 0To POYPALA KAl O THVaKoG
bitArray []

/// <summary>
/// Summary for Forml
/// </summary>
publicrefclass Forml : public System::Windows::Forms::Form

{
public:
Forml(void)
{
InitializeComponent();
//
//TODO: Add the constructor code here
//
}
protected:

/// <summary>
/// Clean up any resources being used.
/// </summary>

~Forml()
{
if (components)
{
delete components;
}

}

private: System::Windows::Forms::Button® ConnectBtn;
private: System::Windows::Forms::Label” ConnectLbl;
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private: System::Windows::Forms::Button® StartBtn;

private: System::Windows::Forms::TextBox” textBox1;
private: System::Windows::Forms::TextBox" textBox2;
private: System::Windows::Forms::Label” StartlLbl;
private: System::Windows::Forms::Label” FinishLbl;
private: System::Windows::Forms::GroupBox” groupBox1;
private: System::Windows::Forms::Button® ExitBtn;
private: System::Windows::Forms::Button® DisconnectBtn;
private: System::Windows::Forms::Label” BitModelbl;
private: System::Windows::Forms::Label” BaudRatelbl;
private: System::Windows::Forms::GroupBox” groupBox2;
protected:

private:
/// <summary>
/// Required designer variable.
/// </summary>
System: :ComponentModel: :Container ~components;

#pragmaregion Windows Form Designer generated code

/// <summary>

/// Required method for Designer support - do not modify

/// the contents of this method with the code editor.

/// </summary>
voidInitializeComponent(void)

{

this->ConnectBtn =(gcnewSystem: :Windows: :Forms: :Button());
this->ConnectLbl = (gcnewSystem::Windows: :Forms::Label());
this->StartBtn = (gcnew System::Windows::Forms: :Button());
this->textBoxl = (gcnewSystem::Windows::Forms::TextBox());
this->textBox2 = (gcnewSystem::Windows::Forms::TextBox());
this->StartlLbl = (gcnew System::Windows::Forms::Label());

this->FinishLbl = (gcnew System::Windows::Forms::Label());
this->groupBoxl=(gcnewSystem: :Windows: :Forms: :GroupBox());
this->ExitBtn = (gcnew System::Windows::Forms: :Button());

this>DisconnectBtn=(gcnewSystem: :Windows: :Forms: :Button());

this->BitModelLbl = (gcnewSystem::Windows: :Forms::Label());

this->BaudRatelLbl = (gcnew System::Windows::Forms::Label());
this->groupBox2 = (gcnew System::Windows: :Forms: :GroupBox());

this->groupBox1->SuspendLayout();
this->groupBox2->SuspendLayout();
this->SuspendLayout();

//

// ConnectBtn

//

this->ConnectBtn->Location = System::Drawing::Point (45, 25);

this->ConnectBtn->Name = L"ConnectBtn";

this->ConnectBtn->Size = System::Drawing::Size(75, 23);

this->ConnectBtn->TabIndex = 0;
this->ConnectBtn->Text = L"Connect";
this->ConnectBtn->UseVisualStyleBackColor = true;

this->ConnectBtn->Click +=
gcnewSystem: :EventHandler(this,&Forml: :ConnectBtn_Click);

//
// ConnectlLbl

/7

this->ConnectLbl->AutoSize = true;
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this->ConnectLbl->Location = System::Drawing::Point(46, 57);
this->ConnectLbl->Name = L"ConnectLbl";
this->ConnectLbl->Size = System::Drawing::Size(94, 13);
this->ConnectlLbl->TabIndex = 1;
this->ConnectlLbl->Text = L"Connection Status"”;
this->ConnectLbl->Click += gcnew System::EventHandler(this,

&Forml::labell Click);
//
// StartBtn
//
this->StartBtn->Location = System::Drawing::Point(89, 283);
this->StartBtn->Name = L"StartBtn";
this->StartBtn->Size = System::Drawing::Size(75, 23);
this->StartBtn->TabIndex = 2;
this->StartBtn->Text = L"Start";
this->StartBtn->UseVisualStyleBackColor = true;
this->StartBtn->Click += gcnew System::EventHandler(this,
&Forml::StartBtn_Click);
//
// textBoxl
//
this->textBoxl->Location = System::Drawing::Point (162, 28);
this->textBox1->Name = L"textBox1";
this->textBox1->Size = System::Drawing::Size(44, 20);
this->textBox1->TabIndex = 4;
this->textBox1->Text = L"0";
this->textBox1->TextAlign =
System: :Windows: :Forms: :HorizontalAlignment: :Center;
this->textBox1l->TextChanged += gcnew System::EventHandler(this,
&Forml: :textBox1_TextChanged);
//
// textBox2
//
this->textBox2->Location = System::Drawing::Point (162, 57);
this->textBox2->Name = L"textBox2";
this->textBox2->Size = System::Drawing::Size(44, 20);
this->textBox2->TabIndex = 5;
this->textBox2->Text = L"4095";
this->textBox2->TextAlign =
System: :Windows: :Forms: :HorizontalAlignment: :Center;
this->textBox2->TextChanged += gcnew System::EventHandler(this,
&Forml: :textBox2_TextChanged);
//
// StartlLbl
//
this->StartlLbl->AutoSize = true;
this->StartLbl->Location = System::Drawing::Point (44, 31);
this->StartLbl->Name = L"StartLbl";
this->StartLbl->Size = System::Drawing::Size(83, 13);
this->StartlLbl->TabIndex = 6;
this->Startlbl->Text = L"Starting Number";
//
// FinishLbl
//
this->FinishLbl->AutoSize = true;
this->FinishLbl->Location = System::Drawing::Point(44, 60)
this->FinishLbl->Name = L"FinishLbl";
this->FinishLbl->Size = System::Drawing::Size(74, 13);
this->FinishLbl->TabIndex = 7;
this->FinishLbl->Text = L"Finish Number";
//
// groupBox1
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//
this->groupBox1->Controls->Add(this->FinishLbl);
this->groupBox1->Controls->Add(this->StartlLbl);
this->groupBox1->Controls->Add(this->textBox2);
this->groupBox1->Controls->Add(this->textBox1);
this->groupBoxl->Location = System::Drawing::Point(41, 158);
this->groupBox1->Name = L"groupBox1";
this->groupBox1->Size = System::Drawing::Size(254, 96);
this->groupBox1->TabIndex = 8;
this->groupBox1->TabStop = false;
this->groupBox1->Text = L"Define Waveform";

//

// ExitBtn

//
this->ExitBtn->Location = System::Drawing::Point (173, 283)
this->ExitBtn->Name = L"ExitBtn";
this->ExitBtn->Size = System::Drawing::Size(75, 23);
this->ExitBtn->TabIndex = 9;
this->ExitBtn->Text = L"Exit";
this->ExitBtn->UseVisualStyleBackColor = true;
this->ExitBtn->Click += gcnew System::EventHandler(this,

&Forml: :ExitBtn_Click);

//

// DisconnectBtn

//
this->DisconnectBtn->Location = System::Drawing::Point (129, 25);
this->DisconnectBtn->Name = L"DisconnectBtn";
this->DisconnectBtn->Size = System::Drawing::Size(75, 23);
this->DisconnectBtn->TabIndex = 10;
this->DisconnectBtn->Text = L"Disconnect”;
this->DisconnectBtn->UseVisualStyleBackColor = true;
this->DisconnectBtn->Click += gcnew System::EventHandler(this,

&Forml: :DisconnectBtn_Click);

//

// BitModelbl

//
this->BitModelLbl->AutoSize = true;
this->BitModelLbl->Location = System::Drawing::Point(46, 75);
this->BitModelLbl->Name = L"BitModelbl";
this->BitModelLbl->Size = System::Drawing::Size(0, 13);
this->BitModelLbl->TabIndex = 11;

//

// BaudRatelbl

//
this->BaudRatelLbl->AutoSize = true;
this->BaudRatelLbl->Location = System::Drawing::Point(46, 92)
this->BaudRatelLbl->Name = L"BaudRatelLbl";
this->BaudRatelLbl->Size = System::Drawing::Size(@, 13);
this->BaudRatelLbl->TabIndex = 12;

//

// groupBox2

//
this->groupBox2->Controls->Add(this->BaudRatelLbl);
this->groupBox2->Controls->Add(this->BitModelbl);
this->groupBox2->Controls->Add(this->DisconnectBtn);
this->groupBox2->Controls->Add(this->ConnectLbl);
this->groupBox2->Controls->Add(this->ConnectBtn);
this->groupBox2->Location = System::Drawing::Point(44, 24);
this->groupBox2->Name = L"groupBox2";
this->groupBox2->Size = System::Drawing::Size(250, 118);
this->groupBox2->TabIndex = 13;
this->groupBox2->TabStop = false;
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this->groupBox2->Text = L"Establish connection to UM245R";
//
// Forml
//
this->AutoScaleDimensions = System::Drawing::SizeF(6, 13);
this->AutoScaleMode =
System: :Windows: :Forms: :AutoScaleMode: :Font;
this->ClientSize = System::Drawing::Size(371, 333);
this->Controls->Add(this->groupBox2);
this->Controls->Add(this->ExitBtn);
this->Controls->Add(this->groupBox1);
this->Controls->Add(this->StartBtn);
this->Name = L"Forml";
this->Text = L"Serial Converter - AnuitpngKaAapdpng";
this->Load += gcnew System::EventHandler(this,
&Forml::Forml_Load);
this->groupBox1->ResumeLayout(false);
this->groupBox1->PerformLayout();
this->groupBox2->ResumeLayout(false);
this->groupBox2->PerformLayout();
this->ResumelLayout(false);

}

#pragmaendregion

//01 petapfAntEG pou
private:
int temp;
int temp2;
intStartNumber;
intFinishNumber;
intbitToSend;

private: System::Void Forml_Load(System::0bject” sender,
System: :EventArgs” e) {
}
private: System::Void labell Click(System::0bject” sender,
System: :EventArgs” e) {
}
private: System::Void ConnectBtn_Click(System::0bject” sender,
System: :EventArgs™ e)
{

//Kdavoupe connect
ftStatus = FT_Open(0,&ftHandle);
if (ftStatus == FT_OK)
{this->ConnectLbl->Text
else
{this->ConnectLbl->Text

L"UM245R connected";}

L"UM245R not connected";}

Opiop6g cuvaprnong

FT_STATUS FT_Open(intiDevice, FT_HANDLE *ftHandle)
Opiopara

iDeviceAgiktng TNG CUOKEUNG yLa va avoiel. Aeiktng oto 0
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ftHandleAgiktng o€ pa petaBAntr tumou FT_HANDLE 6mou n Aafn Ba mpénel va
amoBnkevLEeTaL.

Auti n AaBn Ba mpémnel va xpnotpomnolnBel yla tnv mpocBacn tng CUCKEUNG.

//@€toupe to UM245r oe Aeltoupyela BitMode
ftStatus = FT_SetBitMode(ftHandle, 255, 1);

if (ftStatus == FT_OK)
{this->BitModelLbl->Text
else

{this->BitModelLbl->Text

L"BitMode set";}

L"BitMode failed to set";}

OpLopog ocuvaptTnong
FT_STATUS FT_SetBitmode(FT_HANDLE ftHandle, UCHAR ucMask, UCHAR ucMode)

H evtoAn FT_SetBitMode evepyorolet Stadopetikou tpomoug xpriong tou driver. To
m_DeviceHandle eivaitn Aafn,

Me tnv T &HO puBuiloupe tnv UcMask n omoia puBuilel mowa bits eivat ya
eloobol kat mota yia €€odot. H tiun 0 kaBopilel to avtiotolxo pin og elcodo evw n
T 1 kaBopilel To avtiotolyo pin o€ €€obo.

Me tnv tun &H1 puBuiloupe 10 ucMode dnAadn to €idog Aettoupyiag tou driver
omou 1 eival n Aettoupyia oe Asynchronous Bit Bang mode.

OL mopoakdtw TeEG dnAwvouv Kal TV xprnon Aettoupyiag tou Driver , emiong o
TIAPAKATW KATAAOYOG TOpOUCLAleL TIG Aeltoupyieg xpnong o€ mowoug driver
unootnpilovtal

0x0 = Reset

0x1 = Asynchronous Bit Bang

0x2 = MPSSE (FT2232, FT2232H, FT4232H and FT232H devices only)

0x4 = Synchronous Bit Bang (FT232R, FT245R, FT2232, FT2232H, FT4232H and
FT232H devices

only)

0x8 = MCU Host Bus Emulation Mode (FT2232, FT2232H, FT4232H and FT232H
devices only)

0x10 = Fast Opto-Isolated Serial Mode (FT2232, FT2232H, FT4232H and FT232H
devices only)

0x20 = CBUS Bit Bang Mode (FT232R and FT232H devices only)

0x40 = Single Channel Synchronous 245 FIFO Mode (FT2232H and FT232H devices
only)
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//@€toupe to BaudRate
ftStatus = FT_SetBaudRate(ftHandle, 9600);

if (ftStatus == FT_OK)
{this->BaudRatelLbl->Text
else
{this->BaudRatelLbl->Text L"BaudRate failed to set";}
//Badoupe toug akpobekTeG Tou UM245R oto Low

}

L"Baudrate set";}

Auti n evtoAn Aettoupyiag puBuilel Tnv taxvTnTa emkowvwviag (baudrate) petay
™G BUpPaG KAl TNG CUOKEUNG, N OUYKEKPLUEVN ToxUTNTa €lval n taxvtnta Onwg
Slvetal amnd to apyeio D2XX_Programmer's_Guide(FT_000071).

private: System::Void textBox1l_TextChanged(System::0Object” sender,
System: :EventArgs® e)

{

//KaBopifoupe T1g T1pEG Tou pmopel va mdpel to textBoxl (0-4095)

if (Int32::TryParse(textBox1->Text, temp))

StartNumber = Convert::ToInt32(textBoxl->Text);

else

textBox1->Text = Convert::ToString(StartNumber);

if (StartNumber<@ || StartNumber>4095)
{StartNumber=0;
textBox1->Text = "0";}

}

private: System::Void textBox2_TextChanged(System::0Object” sender,
System: :EventArgs® e)

{

//KaBopifoupe T1g T1pEG Tou pmopel va mdpel to textBox2 (0-4095)

if (Int32::TryParse(textBox1->Text, temp))

FinishNumber = Convert::ToInt32(textBox2->Text);

else

textBox2->Text = Convert::ToString(FinishNumber);

if (FinishNumber<®@ || FinishNumber>4095)
{FinishNumber=4095;
textBox2->Text = "4095";}

}

private: System::Void ExitBtn_Click(System::0bject” sender, System::EventArgs”
e) {

// Koupmi Exit

Application::Exit();

}
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private: System::Void StartBtn_Click(System::0Object” sender,
System: :EventArgs” e) {
//0tav matnbel to koupni Start §ekivdel n 6An 6i1adikacia

StartNumber = Convert::ToInt32(this->textBox1l->Text);
FinishNumber = Convert::ToInt32(this->textBox2->Text);

if (StartNumber<= FinishNumber)

{

/* Ta tnv davodo twv apilBbuwv */

for (inti=StartNumber; i< (FinishNumber+1); i++) //Iia kdbe ap1Opdé oto Sidotnua
[StartNumber:FinishNumber]

{
/*Metatpomnr tou TpExovta apiBuou i amd Sekadikd oe Suadikd Kol TOMOBETNON Twv
Suadikwv tou Yndiwv otov mivoka bitArray[]*/

temp2 = i;
for (int y=0;y<12;y++)

{
bitArray[y] = 0;

if (temp2 >0)
{
bitArray[y] = temp2 %2;

temp2 = temp2 /2;
}

}
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/* AmootoAr] twv bit tou bitArray oto UM245R pe t1g KATAAANAEG €VTOAEG*/

for (int y=11;y>-1;y--) //AnootéNovpe and to pEYOAUTEPNG onuaciog bit mpog
TO XOMNAOTEPNG
{

bitToSend = bitArray[y];

//Kdavoupe to CLK kat to SDI oto Lowkatl to LDhigh (otéAvoupe to byte 00000100 =
4)

unsignedint varl = 4;

ftStatus = FT_Write(ftHandle, &varl, 1, &BytesWritten);

//Aivoupe oto SDI tnv TP TOU MPEMEL va MAPEl ovpdwva pe to bitArray
if (bitToSend == 1)

{

varl = 6;

ftStatus = FT_Write(ftHandle, &varl, 1, &BytesWritten);

}

Sleep(50);
//Kdvoupe to CLK High

varl = varl ~ 1;
ftStatus = FT_Write(ftHandle, &varl, 1, &BytesWritten);

Sleep(50);

/*

//Kdvoupe to CLK Low

varl = varl ~ 1;

ftStatus = FT_Write(ftHandle, &varl, 1, &BytesWritten);
*/

}
}

/* Ta tnv kdbobdo twv apiBuwv */

for (inti=FinishNumber-1; i> (StartNumber-1); i--) //ItakdBeapiBudotodidotnpa
[StartNumber:FinishNumber]

{

/*Metatponr tTou TpEXovta aplOpou i amd 6ekadikd o€ Suadlkd KAl TOMOOBETNON Twv
Suad1kwv TOU

Ynoiwv otov mivaka bitArray[]*/

temp2 = ij;
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for (int y=0;y<12;y++)
{
bitArray[y] = 0;

if (temp2 >0)
{
bitArray[y] = temp2 %2;

temp2 = temp2 /2;
}

}

/* AmootoAr] twv bit tou bitArray oto UM245R pe t1g KATAAANAEG €VTOAEG*/

for (int y=11;y>-1;y--) //AnootéNovpe and to peEYOAUTEPNG onuaciog bit mpog
TO XOMNAOTEPNG
{

bitToSend = bitArray[y];

//Kdavoupe to CLK kat to SDI oto Low (otéAvoupe to byte 00000100 = 4)
unsignedint varl = 4;

ftStatus = FT_Write(ftHandle, &varl, 1, &BytesWritten);

//Aivoupe oto SDI tnv T1UA TOU MPEMEL va MAPEL oupdwva pe to bitArray

if (bitToSend == 1)
{

varl = 6;

ftStatus = FT_Write(ftHandle, &varl, 1, &BytesWritten);
}

Sleep(50);

//Kdvoupe to CLK High

varl = varl ~ 1;
ftStatus = FT_Write(ftHandle, &varl, 1, &BytesWritten);

Sleep(50);

/*

//Kdvoupe to CLK Low

varl = varl ~ 1;

ftStatus = FT_Write(ftHandle, &varl, 1, &BytesWritten);
*/

}
}

} //End if

else{Application::Exit();}
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}

private: System::Void DisconnectBtn_Click(System::0Object” sender,
System: :EventArgs” e) {

int var2

9;

ftStatus

FT_Write(ftHandle, &var2, 1, &BytesWritten);

FT_Close(ftHandle);

this->ConnectlLbl->Text = L"UM245R disconnected";
this->BitModelLbl->Text = L"";
this->BaudRatelbl->Text = L"";

}

1
}
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5.XPONOI AEITOYPIrIAZ TOY NPOrPAMMATOZ2

Aduvapia eniluong oto AETOUPYIKO OUOTNHOA TO OToilo €§apPXNG
eTAEEa e

Mo TNV Mpaypatonoinon g MIUXLAKAG Hag epyoociag emAééape 1o mepBaAlov
Microsoft Visual Studio 2010 kat mio ouykekpipéva to Visual C++ 2010. H evtoAn
Sleep(50) exteAel «kaBuotépnaon» yla 50 ms. Autog 0 XpOvog Umopel va pelwBel wg
kat ta 4-10 ms (avdloya to cvotnua kot tnv €kdoon tou Microsoft Visual Studio
niou SlabEtoupe). Mikpotepo Xpovo oto TeptBarlov tng Microsoft ntav aduvarto va
TIETUXOULE.

Tn Avon npbe va dwoel to mepBdarrov g Microsoft Visual 2013, kaBwg
EYKATOOTAONKAV 0’ AUTEG KAl TILO CUYKEKPLEVA oto compiler C++11 , n BLBALoOAKN
Chronolibrary, n ThreadLibrary kaBwg kot dAAeg TOANEG BLBALOONKEG.

Edbooov emiléyape tn xpnowdomoinon mneptBarlovtog oe Unix/POSIX, tote n
Suvatotnta Twv nanosecondntav kat givat dtabBeoiun, otnv Microsoft Opwg Enpene
va €pBeL To 2013 yia va emteuxBolv autol oL xpovol.

Chronolibrary

H BBAoOnRkn autn dnpoupyndnke , wote va divel tn duvatdtnta xpnotlhomnoinong
timers kat clocks mou mBavov va Stadépouv oe SladopeTikA cuoTAMATA , OTIWG
eniong va divel tn duvatotnta tng BeAtiwong Toug pe TV mApodo Tou Xpovou.

2Tn ouykekpLuevn BLBALOBNKN 3 ival oL xpriowuol mapdyovieg : Duration , Timepoint
kat Clock.
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epoch
of a clock
timepoint

duration

| A N

HEEEEEE

duration :I:IJ
——4 duration

duration |
timepoint

timepoint

Ixnna 5.1. xpovika Stootrpata , «emoxEg» tou clock

Duration (Stapkela) eival To ywvOpUEVO Tou aplBuou mou UeTprOnke emi Tov aplOuo
TwV sec <a combination of a value representing the number of ticks and a fraction
representing the unit in seconds>. lNa napddeypa

std: :chrono: :duration<int>twentySeconds(20);
std: :chrono: :duration<double,std::ratio<60>>halfAMinute(0.5);
std: :chrono: :duration<long,std::ratio<l,1000>>oneMillisecond(1l);

H BLBAL0BAKN Aoumov mapexeL Toug akoAouBoug opLopoUg TUTIOU

namespace std

{
namespacechrono
{
typedef duration<signed int-type >= 64 bits,nano>
nanoseconds;
typedef duration<signed int-type >= 55  bits,micro>
microseconds;
typedef duration<signed int-type >= 45  bits,milli>
milliseconds;
typedef duration<signed int-type >= 35 bits>
seconds;
typedef duration<signed int-type >= 29 bits,ratio<60>>
minutes;
typedef duration<signed int-type >= 23 bits,ratio<3600>>
hours;
}
}

TIAPEXEL OAEG TG ApLOUNTIKEG TTPAeLg peTafy Twv durations...

To CLOCK ar’ tnv @AAn eival auto mou kaBopilel pia epoch kat pla mepiodo. To
interface tou Clock eival Aoutov pla Asttoupyia yia tnv akppn andédoon evog
OVTLKELLEVOU TNV TPEXOUOA TLUN.
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To TIMEPOINT avtumpoowrneVeLl €va CUYKEKPLUEVO oneio 0To XpOvo cuvbEovtag To
Duration oto Clock mou pag divetadt.

namespace std {

namespacechrono {

template<typename Clock,

typename Duration = typename Clock::duration>
classtime_point;

}
}

O evtoAég Sleep_for(), Sleep_until() , try_lock_for(), wait_for() eival StaBéoipeg ar’
v BLBAL0ONKN this_thread
My this_thread::sleep_for(chrono::seconds(10));

H omola BBAoOnkn this_thread() eivat dtaBéoun otoug xprioteg art’ tnv €kdoon
Tou compilerC++11 kal peTa.

AYZH

H AUon Aoutdv oto mPOBANUA TOU QVILETWTICAUE €lval n xpnowhomoinon Ing
€kdoon¢ MicrosoftVisualStudio 2013

Xpnotpomolwvtag tig €16 BLBALOOAKES Ko EVTOAEG
#include<chrono>

tinclude<thread>

std::this_thread::sleeo_for(std::chrono::nanoseconds( 1));

Omnou otnv mepimtwon tou 1 nanosecond Ba pmopolcape va eixape PaAel
omotadnmote Tt (omolodnmote xpovo) and 1 nanosecondkal mavw. H tun mou Ba
tonoBetricou e unopel va eival sleep meplocdtepo ano t dedopévn nepiodo.

My av tonoBetovoape ta 40 nanosecondumdpyel pia meploxn «Adboug» ota +/- 2
ns.
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6. MSP430G2553 kaw DAC7611p
H dtadkacia, To MPOoypappa Kot n ovaAuon tou.

N'vwpilope €€ apxng ot o uikpogAeyktng MSP430G2553 €xeL Aettoupyia
ADC10, evw epeig {ntape DAC, va petatpePpoupe to Pndlako oo mou moipvoupe
Héow USB art’ tov H/Y og éva avaloylkd onua. Emopévwe tov €€ apxng yvwpilape
otL n elval amoapaitntn n xpnowomnoinon tou DAC7611p ( o omoiog e€ixe
XxpnouomnonBel kal otov mpwto TPomo eniluong, pe tov UMR).

Edboov pou 600nke o MSP430 emélea to meplPalov epyaciag (IDE —
Integrated Development Environment) oto omoio 6a uAomolovoa to project. Eixa tn
Suvatotnta va emlééw avapeoa otov CodeComposerStudio CCS, otov IAR
Embedded Workbench Kickstart kot tov Open Source GCC for MSP. EméAe€a to
TPWTO Ml Kot €ivatl to 1o Stadedopévo kal pe pla TOAU KoAn Stadiktuakn
Kowvotnta, tnv http://e2e.ti.com/support/microcontrollers/msp430.

MpotoU xpnolpomolow yla pwtn ¢opd to Asttoupytkd CCS evnuepwOnka
ar’ To KOVAAL TnG etaupiag oto youtube. Ztnv mopeia, ywa tnv ekpuddnon tou
AgLToupylkou umdpyxouv mavw anod 80 mapadeiypata, Ta onoia Ta Bpilokelg otnv
eloaywyn (TI Resource Explorer) Tou CCS kot UMopeig va Ta XPNOLUOTIOLACELS , VA Ta
QVATIOPAYELG KOL VA TIELPAUATIOTEL TTAVW O€ aUTA, pobailvovtag €10l TIG EVIOAEG
(commands) kot To oKeMTIKO Ye TTOAANA oXOALa o€ KABe apadelyua.

Enewta, StaPfaloviag to datasheet tou DAC7611p, xpnowtomnoinoa ta Timing
Diagrams €tol wote avtiAndBw mowa Ba mpenel va elval n mopeia — avtiotoa o€
TIOLO XPOVIKO Slaotnua va evepyorowjow to LD (load), to CS (cheap select), to CLK
(clock), to CLR (clear), aA\a kot NOTE npénel va mepdow to onpa pou SDI (Serial
Data Input).

Ztnv mopeia €mpemne va emAe§w oo elval To Xpovikd Sldotnua oto omnoio
BéAw va kavel og KABe katdotaon kabBuotépnon — delay, to av BéAw ta dedopéva
HOU va Tmepvav aplotepootpoda n beflootpoda, my. Shift Left Data ->
value=value>>1;

KaBwg kot AAAEG UKPEG AETTTOUEPELEG.
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5V

avaloyikn
fobog
Vout

vdd ¥
=4 ¥ j_ .
[ Ics DAC
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7611 =
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430 | Cli ICLR
G2553 [ SDII ILD
P2.0 |
p2.1 | W
P2.2 P2.3

IxAua 6.1. to mMAdvo
Ac SoUE TWPO TO OKETITIKO UAOTIOLNONC

CLR_HI;
CS_HI;
SDI_HI;
CLK_HI;
LD_LO;
Delay
LD_HI;
Delay
CS_LO;
Delay

Long int value= « HemBupuntn tpun oehexadecimal»
For (j=0; j<12 ; j++)
{
CLK_LO;
If (LSB=1) // or MSB
SDI_HI;
Else
SDI_LO;
Delay
CLK_HI;
Shift data -value- left
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CLR_LO;
Delay
CLR_HI;

AUTO elval To oKeMTIKO UAomoinong, cupdwva KoL PE T SlaypApUAT XPOVIOUOU

(MSB) (LSB)

SDI xDl‘IxDﬂ)xDQXDBXDTKDGlD5xD4ID3XD21D‘IXDOX

- toon toay — | —-—

— Lot | —| to2 e

| o

. f—&—»«— ou j( Y X:

—-— . o -

-— toirw —=
CLR

ts + s

G5 ITisB
our _ 4 Ermror Band
Zs

IxAna 6.2. timing diagrams of DAC7611p

To MPOypAHpA LLOU QUTOUGLO ( N TEALKN TOU popdn)
#include <msp430.h>

#define CLR_LO (P20UT&=~BIT4)
#define CLR_HI (P20UT|=BIT4)

#define CS_LO (P20UT&=~BIT3)
#define CS_HI (P20UT|=BIT3)

#define SDI_LO (P20UT&=~BIT1)
#define SDI_HI (P20UT|=BIT1)

#define CLK_LO (P20UT&=~BIT2)
#define CLK_HI (P20UT|=BIT2)

#define LD_LO (P20UT&=~BITO)
#define LD_HI (P20UT|=BITO)
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void SPI_send(short int data)
{
int j;
for(j=0;j<12;j++)
{
CLK_LO;
if(data & 0x800) // MSB
SDI_HI;
else
SDI_LO;

//__delay cycles(0.01); // 1000 clock cycles delay = 1ms@lkHz
CLK_HI;

//__delay cycles(90.01);

data <<= 1;

}
}

int main(void)

{

WDTCTL = WDTPW | WDTHOLD; // Stop watchdog timer

P1DIR

0; //input Portl

P2DIR = BITO | BIT1 | BIT2 | BIT3 | BIT4; //Out bit @..4

P20UT

oxff;

CLR_HI;
CS_HI;
SDI_HI;
CLK_HI;
LD_LO;

//__delay cycles(0.05); // 1000 clock cycles delay

Ims@lkHz

LD_HI;

//__delay cycles(0.05); // 1000 clock cycles delay = lms@lkHz

//SDI <-322 hex tuxoia tipn mou eméAefa yia €kkivnon
short int data=0x322;

short int anti;

short int a=OxFFF;

anti = a-data;

CS_LO;

int j;

for(j=0; j<anti; j+=256)
{
CS_LO;
//__delay cycles(0.005); // 1000 clock cycles delay = 1ms@lkHz

data = data + 0x100;
SPI_send(data);
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CS_HI;

//__delay cycles(0.0005);

LD_LO;
//__delay cycles(0.0005);
LD_HI;
}
while(1)
{
for(j=0; j<a; j+=256)
{
CS_LO;

//__delay cycles(0.005);
data = data - 0x100;
SPI_send(data);

CS_HI;
//__delay cycles(0.0005);
LD_LO;
//__delay cycles(0.0005);
LD_HI;
}
__delay_cycles(20000); // 1000 clock cycles delay = 1ms@1MHz
for(j=0; j<a; j+=256)
{
CS_LO;

//__delay cycles(0.005);
data = data + 0x100;
SPI_send(data);

CS_HI;
//__delay cycles(0.0005);
LD_LO;
//__delay cycles(0.0005);
LD_HI;
}
}

¥

//€BaAa OAa ta delay — kaBuoteprioelg o oxOALO EMELSH VW apyLKa emtBupoloa va
€xw Kabuotepnoelg kat va eivat epdaveg ota led Tou KUKAWUATOG HoU N Aettoupyia
TOU KUKAWUATOG, T adaipeca yLa va TETUXW KAAUTEPOUG XPOVOUG

KaBwg kat va pmopgow va Sw tnv €£060 TOU KUKAWUOTOG OTOV TTaAoypado

/l

ESw va e€nynow otL Eekivnoa to mpoypappa BEtovrag tig e€66oug tou MSP430,
P2.0-> LD

P2.1->SDI
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P2.2 -> CLK
P2.3 ->CS
P2.4 ->CLR

‘Etol wote otn SLAPKELX TOU TIPOYPAUUATIONOU TOU ULKPOEAEYKTA HOU va €lval Lo
EUKATOVONTO KOL TILO EUKOAOSLABOOTO TO TIPOYPALHLA LLOU.
Z€ QUTO TO onUelo BEAW va e§NyNOwW KATIOLEG ATt TLG EVTOAEG TTOU XpNOLULOTIOLINoA.

H evtoAn P20UT&=~BIT4 onpuaivel P2.4=0

Eve) P20UT | =BIT4 onpaivel P2.4=1.

Me tnv evioAr) PIDIR = 0; &nAwvoupe otLn Portl eivat SnAwpévn wg Input.
Ev® pe autiv P2DIR = BITO | BIT1 | BIT2 | BIT3 | BIT4 Snhwvoupe Ot
oL P2.0 €wg P2.4 eival £€060L. Autég Ba oteilou e wg eloodo otov DAC pa.
Evw tnv ouykekpipévn loopa for (i = 100000; i>0; i--); H
SladopeTikd autrh TNV eVtoAy _ delay cycles(1);

xpnotpormnotol e yla kabuotépnon delay. AAGZovtag tnv T tou aAAAloupe tnv
kaBuotépnon.

H €€060¢ Tou mpoypappatog eival

FFF FFF

Value

000 000

Ixnna 6.3. n €€odog amn’ tov DAC7611p

‘Eva TPLYWVLKO avaAoyLKO orua

48



49

Amo dw kot oto €€AG Unmopoupe va acxoAnBouue e tov €Aeyxo Tng ouxvotntag. Na
HETABAAANOUE TNV OUXVOTNTA TOU ONUATOG.

AN\aZovtag to Bripa pog anod 1 og 100, maipvoupe To orfjpa PoG 0€ aUTh TN Hopdn
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ITO MOPAKATW TOPASELYUA, €XW XPNOLUOTOLNOEL LETA amd KABs aveBokatéBaoua

kamola kaBuotépnon — delay — evw Ba pmopouoa va siya mepAceL To onmolodAMOTE

onua néeia — dedopéva (mAnpodopia)

MA£oV pmopw va EAEyXW TO AVAAOYLKO LOU Orua
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Noa avadépoupe OTL N TeEPlodog Tou TPLywVIKOU pag onuatog eivat T = 10ms, n
ocuyvotnta f = 100 Hz,

Me Brpa 100 Aoutdv, BAénoupe 16 dopég Sedopéva otnv Avodo Tou CHUATOC Kol
AaAAeg 16 otnv kaBodo, emopévwe 32 alhayeg o 10 ms EMOUEVWG

N ouxvOTNTO TOU oNuatog oG eivat ota 100 *32 Hz = 3.2 kHz.

Evw oe mepintwon mou nBela va mepacw POvo 1 register oTov ULKPOEAEYKTH HOU ,

TO MPOypOUUa lval To €€N¢
#include <msp430.h>

#define CLR_LO (P20UT&=~BIT4)
#define CLR_HI (P20UT|=BIT4)

#define CS_LO (P20UT&=~BIT3)
#define CS_HI (P20UT|=BIT3)

#define SDI_LO (P20UT&=~BIT1)
#define SDI_HI (P20UT|=BIT1)

#define CLK_LO (P20UT&=~BIT2)
#define CLK_HI (P20UT|=BIT2)

#define LD _LO (P20UT&=~BITO)
#define LD _HI (P20UT|=BITO)

int main(void)

{

WDTCTL = WDTPW | WDTHOLD; // Stop watchdog timer

P1DIR = @; //input Portl
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P2DIR = BIT® | BIT1 | BIT2 | BIT3 | BIT4 ; //input P2.4-P2.5, Out
bit 0..4
P20UT = oxff;
CLR_HI;
CS_HI;
SDI_HI;
CLK_HI;
LD_LO;
__delay_cycles(500000); // 1000 clock cycles delay = 1ms@1MHz
LD_HI;
__delay_cycles(500000); // 1000 clock cycles delay = 1ms@1MHz
//SDI <- 970 hex
long int value=0x970;
CS_LO;
int j;
for(j=0; j<12; j++)
{
CLK_LO;
if(value & 0x800) //if(value & 1)
SDI_HI;
else
SDI_LO;
__delay_cycles(500000); // 1000 clock cycles delay = 1ms@1MHz
CLK_HI;
__delay_cycles(500000); // 1000 clock cycles delay = 1ms@1MHz
value <<= 1; //shift left data
}
SDI_HI;
CS_HI;
__delay cycles(800000); // 1000 clock cycles delay = 1ms@1MHz
LD_LO;
__delay cycles(600000); // 1000 clock cycles delay = 1ms@1MHz

LD_HI;

__delay_cycles(6000000); // 1000 clock cycles delay = 1ms@1MHz
CLR_LO;

ESw pe to mou nmepaotel n 1 eyypadn (register) cuuPwva kKal pe To Slaypopua
XPOVIOUOU evepyortoleitat n evioAr CLR_LO; kat pnéeviletal n £€€060¢ pou.
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ENIAOIOz

To deutepo pépog g epyaciag, SnAadn n Snuoupyia tou avaloykou
onuatog peow Bupag USB, aAlAd auth tn dopd xpnoLonolwvtog dAAov
microcontroller, tov MSP430, okomo eixe va anodeifel moLo¢ o KAAUTEPOC TPOTOG
€KTIOVNONG TNG 1blag epyaciag (tou dlov BEpartog). Anodeixtnke 6tL 0 MSP430 pe
NV 81KLA Tou coulita mpoypappatiopol (CodeComposerStudio) pmopel mo eukoAa
VoL TIPOLYHLOTOTIOLN O€L TO 1610 €pyo e Tov UMR (0 omoiog xpnotuomnoinoe tnv couvita
VisualC++ yia tov nmpoypappatiopd tou). Ekel ntav anapaitnto va BpeBouv OAeg oL
BLBAL0ONKeC emikowvwviag , kaBwg kot popua (e button, 086vn, Teppatikols...) Evw
otn couita CCS mou kaAuTttel OAa ta devices Tng MSP dev eixa va acxoAnbw pe
auTa, yati ta mapeixe e€apxnig.

KataAnyovtag, aoxoAnOnkaue e TNV Tapaywyr) avoaAoykol CHHOTOG LECW
BUpag USB,5L0TL pag evolEdepe n emikowvwvia PeTafl H/Y -UKPOEAEYKTH KL €V
ouvexela xpnowpomnowBnke kot Pndlakog petatponeas. H Kataokeun pog autn
anoteAel Eva MPATUTIO 1 €va apxLko oTddLlo yla tnv dSnuloupyia pag e§WTEPLKAG
KAPTOG NXOU.

AN\EG £DOPUOYEG QUTOMATIOUOU UTIOLPKTEG OL OTIOLEG «TTATAVE» TIAVW OTNV
OUYKEKPLUEVN Epyacio Tou eKmovnoa

* Motor Control

* Display HAektpovikwv

*  Wnoako MotevolopeTpo

* Anokwdlkomnoinon video

*  JU0otnua Atavoung Asdopévwv

*  NOYLOMULKO EKTTIOUTIAG
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