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Pedepar

BakanaBpckasi pabora cojuepxur 146 nucroB, 59 pUCYHKOB, 2 Tabnuiel, 7
HCTOYHHKOB, 4 TIPHIIOKEHUS.
OTJIAZIOYHAS TUIATA, IUIMC, VHDL, 12C, UART, C++, JTAHHBIE, BA3A

JTAHHBIX, SQLITE, JATYMK, SPARTAN-6, CUCTEMA CbOPA IAHHBLIX, DAQ,
COM-IIOPT

i

[lens paboTbl — pa3paboTaTh MaclITaOUpyeMyl0 CHUCTEMY, IO3BOJIAIOIAs
cobupaTh, 00padaThIBaTh U XPaHUTh JaHHBIE C LUPPOBLIX JATYUKOB.

O6bekTamMu pa3padOTKH SABISIOTCS:

B—_—— L AR TR “H

— mporpaMmHoe obecreuenne (I[10) Ha mnporpaMMHUpyeMyro JIOTHHYECKYIO
uHTerpaibHyto cxemy (ITJIMC) ans c6opa JaHHBIX ¢ JaTYMKOB I10 HAXKATHFO KJIABHUIII Ha

KJIaBHAType ¥ OTIPABKM JaHHKIX Ha nepcoHatbHbii KomnboTep (1K);

— mporpamma Ha IIK s mojxmodends omagodHo# mnarel mo COM-mopty,
HacTpoliku ckopoctd uHtepdeiica UART, oToOpakeHHs JaHHBIX Ha SKpaHe, XpaHCHH
naHHbIX B 0aze naHHbIX (B/1).

B pe3ymbTaTe MpOAENAHHOM paboThl pa3pabOTaHa CHCTEMa, MOIHOCTBIO
COOTBETCTBYIOIIasi IIOCTAaBIECHHON 3ajaye, IIO3BOJIAIONIAs MPOU3BOAUTE  ONPOC
LHGPOBBIX JATIUKOB I10 HHTEPPEHCY 12C, nepenasarh nauHble Ha I1K no uaTepdeicy

UART, r/ie oHE 06pabaThIBalOTCs, 0TOOPAXKAIOTCS MOJB30BATEIIIO i COXPAHAIOTCA B BJL.
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IlepeyeHb cokpalieHuii 1 0003HAYEHUN

BJ1 — 6a3a maHHBIX

ITIK — nnepcoHaIbHBIN KOMITBIOTEP

[TJINC — nporpaMmmupyemMas Joru4eckasi MHTeTpaJibHasi cXxeMa

I1O — nporpamMmmHOE obecrieueHne

CYB/l — cuctema ynpaBiieHus 0a3amMu TaHHbBIX

ASCII — (anrn. American Standard Code for Information Interchange) — amepuxanckuit
CTaHJapTHBIN KO /U1 0OMeHa nH(popManuen

COM - (anra. Communication port) — KOMMYHHKAIIMOHHBINA MOPT

DAQ — (anrn. Data Acquisition) — cO0Op TaHHBIX

DIY — (aurn. Do It Yourself) — «cnenait cam» (1oaxoa K caMOCTOSTEILHOM pa3padoTke
1 cOOpKE YCTPOUCTR)

HDL — (anrn. Hardware Description Language) — si3bIKk OnucaHus anmapaTypbl

[2C — (anrn. Inter-Integrated Circuit) — mnociemoBaTenbHasi IIMHA JJIS1 CBA3U
WHTETPAIBHBIX CXEM

[oT — (anrn. Internet of Things) — nHTEpHET Bemien

ISE — (anrun. Integrated Synthesis Environment) — uHTerpupoBanHas cpeia CHHTE3a
JTAG — (anrn. Joint Test Action Group) — cnenuanu3MpoOBaHHBIA amnmapaTHBIN
uHTepdenc A OTIAAKU U IPOTrPAMMUPOBAHMUS

RX — (anrn. Receive) — nunus npuéma nansueix B uHTepdeiice UART

SCL — (anrn. Serial Clock) — nunus taktupoBanus B uaTepdeiice 12C

SDA — (anrm. Serial Data) — nmunaust mepenaun nanueix B uaTepdeiice 12C

TX — (anr. Transmit) — nuaus nepenayn nanubix B uHTepdeiice UART

UART - (anra. Universal Asynchronous Receiver-Transmitter) — yHuBepcaibHbIN
ACHUHXPOHHBIN IPUEMOIIEPEAATYUK

UCF — (anrn. User Constraints File) — ¢aiin mosib30BaTenbCKUX OrpaHUueHUAN

UML - (aarn. Unified Modeling Language) — yHUQUIUPOBAHHBIA S3bIK
MOJIETUPOBAHUS
JIucr
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USB — (anrn. Universal Serial Bus) — yHuBepcanbHas mnocieoBareabHasi ruHa

VHDL — (aurn. VHSIC Hardware Description Language) — si3pIk OntucaHusi anmapaTtypbl

HHTCIPAJIBHBIX CXEM

Wi-Fi — (Wireless Fidelity) — TexHonorust 6ecripoBoJHON nepeaun JaHHBIX

Wsm.

JIuct
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TToxamuce

Jlata
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BBenenue

B ycioBuAX COBpPEMEHHOM NPOMBIIUIEHHOW AaBTOMATU3AlMM W Pa3BUTHUSA
Ja00PATOPHBIX U3MEPUTEIIBHBIX KOMIUIEKCOB HEIIPEPHIBHO BO3PACTAET MOTPEOHOCTH B
CO3/IaHUM THOKUX M TTPOU3BOIUTEIBHBIX cUCTeM cOopa naHHbIX (DAQ). Takue cucremsl
SABJISIOTCS (PyHAAMEHTAIIbHBIM 3JIEMEHTOM JIJISI KOHTPOJISI TEXHOJIOTUUECKUX MPOLIECCOB,
MOHUTOPHUHIA COCTOSIHUSI OOOpYJOBaHUS W TPOBEACHUS HAyYHBIX AKCIIEPUMEHTOB.
CymecTBytone Ha pbIHKE mpodeccuoHanbHbie DAQ-cuctemMpl 4acTo 00J7amar0T
BBICOKOM CTOMMOCTBIO M H30BITOYHOCTBIO, B TO BpeMsl Kak pelieHus Ha 0aze
MUKPOKOHTPOJUIEPOB MOTYT HE OO0O€CleuuTh HEOoOXOJAMMOro Mapajuiefiu3Ma M
MpEACKa3yeMOCTH JIJIsl pelieHus 3a7ad, TPeOyIoIMX OJHOBPEMEHHOTO Ompoca
MHOXecTBa naTuukoB. Mcnonb3oBanue [IJIMC nns 3THX 1eneil mo3BOJSIET CO3AaTh
arnmapaTHO-IIPOrpaMMHbBIC, MAaCIITAOUPYEMbIE U PEKOHPUTYpUPYEMBIE PEIICHUS, YTO U
OTpeIeIIIeT aKTyalbHOCTh JaHHOU paOOTHI.

[lenpro BBITYCKHOM PabOTHI SIBISIETCS pa3paboTKa, MaKeTUPOBAaHUE M OTIAIKa
MpOTpaMMHO-aNNapaTHOTO KOMILIEKCa JJIsl ONPOca BHEIIHUX JATYUKOB 1O HHTEpdeiicy
[2C ¢ mocnenyromei nepenadueit manHbix Ha IIK mo maTepdeiicy UART c mensio
JATbHEUIIIETO XPaHEHHS U UCITOJIb30BAHUS.

Heo6xonumo pa3paboTaTh CTEH]T 1 TPOTPaMMHOE 00ECIICUEHUE JIJIsI COMPSIAKEHUS
muppoBeix gatunkoB ¢ [IJIMC ¢ mnocnemyromeit mnepemaveit nanueix Ha [IK.
[Iporpammuas yacts coctouT n3 mporpaMmmsl 1t [IJIMC na a3pike VHDL u nporpammsl

i IIK na s3p1ke CH++.

JIuct
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1 Ananu3 npeaMeTHOM 00J1aCTH

1.1 HazHauyeHue U MOCTAHOBKA 3adavaun

OCHOBHBIM Ha3HAUYECHHEM JAHHOMW pabOTHI SIBISIETCA pa3paboTka MPOTOTUIA
MaciTabupyemMoi 1 THOKOM CUCTEMBI COOpa JaHHBIX, CIIOCOOHOM CITY>KUTh OCHOBOM ISl
MIOCTPOCHUS OO/KETHBIX U3MEPUTEIBHBIX KOMILIEKCOB. KOMIIIEKC npeaHa3HayeH s
CUMTBIBAHMS MOKA3aHUN C TPYIIBI HUPPOBBIX JATYUKOB, MOJIKIIOUEHHBIX MO OOIIEH
muHe, U uX nocieaywomen nepenaun Ha [IK nns oOpabGoTku, BU3yanu3aluu |
JOJITOCPOYHOT'O XPAHEHHUS.

B pamkax gaHHOI paOOThl CTaBUTCS 3a/laya CIPOCKTUPOBATh, Pean30BaTh U
MPOTECTUPOBATH CUCTEMY, COCTOAIIYIO W3 ammapaTHOTO MOIYJIS W MPOrPaMMHOTO

ob6ecneuenus s 1K u TTIJIMC.
1.2 O630p anasioroB

Jlns onpenenenus Mecta pa3pabaTbIBa€MON CUCTEMBI B PSIy CYIIECTBYIOIIMX
pemieHuit u 1711 GopMHUpPOBaHUS TPEOOBAHUI K HEH ObLI MPOBEAEH aHAIM3 aHAJIOTOB.

1.2.1 IIpsimble aHanoru

B kadecTBe mNpsMBIX aHAJIOrOB pa3padaThiBaeMOil MIAT(GOPMBI BBICTYHAOT
npodeccruoHanbHble U MPOMBIIUICHHBIE CUCTEMBI COOpa JAaHHBIX. DTH KOMILJIEKCHI
SBJISIFOTCSI OCHOBHBIM OPUEHTUPOM, TaK KaK PeIIaloT Ty ke PyHIaMEeHTaIbHYIO 3a1a9y
— cOop, 00pabOTKy W Tepenadyy JaHHBIX C JaTYMKOB, — HO Ha 0oJjiee BBICOKOM
MIPOMBIIICHHOM YPOBHE.

Benymum mnpousBoauTesieM B ATOM o00ysacTH siBisieTcs KommaHus National
Instruments ¢ ux matdopmoit CompactDAQ, a Taxke Takue komnanuu, kak Advantech
u Siemens. Cucrempr DAQ mnpencraBisioT co00W BBICOKOMPOU3BOAUTEILHbIE
MOJyJIbHBIE TIATPOPMBI, CITOCOOHBIE C BBICOKOW TOYHOCTBIO M CKOPOCTHbIO COOMPATH
JAHHBIE C JIECATKOB M COTE€H PAa3IUYHBIX JATYUKOB OJHOBPEMEHHO. OHHU MIUPOKO
OPUMEHSIOTCSI B MPOMBIIIJIEHHOCTH ISl KOHTPOJSI TEXHOJOTMYECKUX MPOIECCOB, B

HAayYHBIX HCCJIICAOBAHUAX WM OJIs1 aBTOMATHU3allUM CJIOKHBIX HMCIIBITATCIBbHBIX CTCHIOB.
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[Ipumep Takoil cuCTEMbI IPEICTABIIEH HA PUCYHKE 1.

L M Series i ' ’

Multifunction DAQ Device

‘7 NATIONAL
' INSTRUMENTS

Pucynok 1 — DAQ-cucrema

KiitoueBbIM OTJIMUMEM JaHHBIX CHUCTEM OT pa3pabaTblBaéMOro MNpPOTOTHUIIA
SBISIETCSL MX  BBICOKAsT CTOMMOCTb, KOTOpasi JieJJaeT HUX  SKOHOMHYECKHU
HElIeJIeCO00Pa3HbIMU JIJII MHOTHX 33J1a4, & TAK)KE UX CJIOKHOCTb U 3a4acCTyIO MPHUBSI3Ka
K nporpuerapaomy I10.

B Toxe Bpems, J1abopaTopHOE KOHTPOJIBHO-U3MEPUTEIIBHOE O000pyAOBaHUE,
TaKoe KakK JIOTUYECKHE aHaIM3aToOphl U ocuuuiorpadsl ¢ GyHKIUEH IEKOIUPOBAHUS
MIPOTOKOJIOB, TAaKKE€ MOXHO CYHUTaTh Y3KOCIEIHAIU3UPOBAHHBIM aHAJIOTOM. OTHU
MpUOOPHI CIIOCOOHBI «OMpaIlUBaTh» U JEKOJUPOBATh JaHHbIC Ha ITU(POBBIX IIUHAX,
Bkimroyast [2C m UART. OnmHako ¥MX OCHOBHOE Ha3HAadYeHUE — HE JINTEIbHBIN
MOHHUTOPHUHT 1 XpaHCHHE JaHHBIX, 2 KPATKOBPEMEHHAS OTJIa/IKa U BepruduKamus padoThl
anmapatHoro ooOecrnedyeHus. [Ipumepbl Takoro o00OpyJOBaHUSI TMPEICTABJICHBI Ha

pucCyHKax 2, 3.

JIuct
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' RIGOL DHO5058 stomz monat oscitoscore 405ais (D Uios sion

Dewn [

Pucynok 3 — Jloruueckuii aHanmsaTop

Taxkum ob6pazom, paspaboTaHHasi B JaHHOW pabOTe CHUCTEMa MO3UIIMOHUPYETCS
Kak OO/KETHBIM M TUOKHMI MPOTOTHUI, peanu3yrouui 0a3oBble mpuHLIMNB DAQ-
cucteM. OHa 3aUMCTBYET HJIEOJIOTHIO cOOpa, OOpabOTKM M XpaHEHHS JTaHHBIX Y
MPOMBINIJICHHBIX aHAJIOTOB, HO HCIONB3yeT 0ojiee MOCTYMHYIO DJIEMEHTHYIO 0azy u
OTKPBIThIE MHCTPYMEHTHI pa3pabOTKH, YTO JENAaeT €€ ONTUMAJIbHBIM PEIICHUEM JUIs
MPOTOTUTTUPOBAHMS, 00PA30BATEIHHBIX M HEKPUTUIHBIX TIPOMBIIIJICHHBIX 3a/1a4.

1.2.2 KocBeHHbIE aHATIOTH

K KOCBEHHBIM aHAIOTaM MO>KHO OTHECTH TOTOBBIE MOTPEOUTEILCKIE YCTPONUCTBA,

KOTOPBIE BBIMOJHSIOT (QYyHKIMIO cOOpa AaHHBIX B 00bEME MapamMeTpOB OKpYyKaroulei
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cpenbl. OQHAaKo, B OTJIMYME OT IPOMBIIUICHHBIX CHUCTEM, OHHU IpPEIHA3HAYEHBI
UCKJIIOYUTEIBHO JUIsI OBITOBOIO HCIOJB30BaHUS U HE 00J7a7alT TUOKOCTHIO,
IPOU3BOAUTENBHOCTBIO M MaclITaOMPYEMOCTbIO, HEOOXOOUMOW JJii  pellieHus
WHXEHEPHBIX 3a7a4.

OpHOM  Trpymmoil TakuxX YCTPOWCTB  SIBISIOTCA  JOMAlIHME LU(POBbBIE
METEOCTaHIIMU OT Ipou3BoaAnTENEeH, TakuX Kak Bresser, La Crosse, Oregon Scientific.
OTH yCTpONCTBA, KaK MPaBUIIO, COCTOSAT U3 BHYTPEHHEIO OJI0Ka C IUCIIEEM U OJHOIO
WIM HECKOJIbKMX BHEIIHMX AAaT4YUKOB. OHM H3MEPSIOT TEMIEPaTypy, BIAXHOCTh H
atMocepHoe naBiieHHe. WX KIIOYEeBbIM MPEUMYLIECTBOM SIBIIAETCS NPOCTOTA
UCIOJIb30BaHUsl. DTO TOTOBBIE K paboTe peleHus, He TpeOyrolue OT MOJIb30BaTels
crneuuaibHbIX 3HaHUM. OJHAKO HMX TIJaBHBIM HEJOCTATKOM SIBJIIETCS 3aKPBITOCTb
cucteMsl. [losb30BaTeNnb HE UMEET AOCTYNA K «CHIPBIMY» JTAHHBIM, HE MOKET U3MEHSTh
JIOTUKY paboOThl yCTPOMCTBA, @ BO3MOXHOCTU MO XPAHEHHIO M aHAIU3Y HCTOPHUHU
M3MEPEHHUI CUIIbHO OTPAaHMYEHBbI (PYHKIMOHAIBHOCTbIO KOHKpETHOU Moaenu. [Ipumep

TaKOr0 yCTPOWCTBA MPEACTABIICH HAa PUCYHKE 4.

B BresseR.

A\,

Pucynok 4 — Jlomanissisi METE€OCTaHIUS

Jpyroy TpynmoW KOCBEHHBIX AQHAJIOTOB SABJAKOTCA HATUYUKU [JII CHUCTEMBI
«YMHOro JIoMay», Hampumep, yCTpOMCTBa sKocucTtembl Xiaomi Agara, Tuya wm
paboTtaromue 1o mnpoTokonam Z-Wave/ZigBee. OTH MOAynIM Takke H3MEPSIOT
TEeMIIepaTypy, BIaKHOCTh M JIaBJIEHHWE, HO MEpeAaroT JaHHbIe Ha I[EHTPaJbHbIN Xal.

[Ipenmy1iecTBOM SIBISIETCSI UX UHTETpalys B 00jee KpymHy0 CUCTEMY aBTOMAaTU3allUH.
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Henmocratku CXOXHM € METEOCTAaHIUSMH: NPHUBA3KA K KOHKPETHOM 3KOCUCTEME,
HEBO3MOXKHOCTh TMOKOW HACTPOMKM M OTpaHUYEHHBIM JOCTYI K JaHHBIM, KOTOPBIE
0oObIYHO OOpabaTbiBalOTCS B oOsake mpousBogutens. [lpumep Takoro ycrpoicTBa

MPEJICTABIICH HA PUCYHKE .

Pucynok 5 — JlaTuuk cuCTEMBI «Y MHBIN JOMY

Takum 00pa3om, JHaHHBIE MOTPEOUTETHLCKUE YCTPOWCTBA, pelasi 3amady coopa
JAHHBIX Ha OBITOBOM YpPOBHE, HE MOTYT pacCMaTpuBaTbCid Kak aHaJIOTH
paspabarbiBaemoii  DAQ-cucrembl. OHM ~ JEMOHCTPUPYIOT  JIMIIb  OOIIYIO
BOCTpeOOBAaHHOCTH 33724l MOHUTOPUHTA (PU3NUECKUX IMAPAMETPOB, HO UX APXUTEKTYpa
U (YHKIMOHAJIBHOCTh HE MOTYT OBITh B3AThl 3a OCHOBY IpPHU CO3JaHUM THOKOTO
U3MEPUTETHLHOTO KOMILIEKCA.

1.2.3 AnpTepHaTUBHBIE OIX0/IbI HA 0a3¢ MUKPOKOHTPOJIIEPOB

Haunbonee 6;1m3koil o moaxoAy K pa3paboTKe K CO3/1aBa€MON CUCTEME SBIISICTCS
KaTeropusi MPOEKTOB, peann3yeMbix B pamkax DIY-cooOmiecTBa. DTH pemieHus, Kak
MpaBUJIO, CTPOATCS Ha 0asze MOMyJNAPHBIX W JOCTYIMHBIX OTJIAQJOYHBIX IJIAT C
MUKPOKOHTPOJUIEPAMHU.

CampIMu pacripocTpaHEHHBIMU TIATHOPMAMHE I TaKUX MPOCKTOB SIBIISIOTCS

Arduino, ESP32/ESP8266 u oHOKpUCTaIbHBIE KOMITBIOTEPHI, Takue Kak Raspberry Pi.

JIuct

MY 1.090301.35.001 I13 0

Wzm. | JIuct No nokym. Tlommmcs | Jlata




Cy1miecTByeT OrpOMHOE KOJHYECTBO OTKPBITBIX MPOEKTOB, TN€ MJs pEIICHUs 3aaad
cOopa TaHHBIX UCIOIB3YIOTCS pa3IMyHble TATYMKUA. B TUIMHMYHON apXUTEKType TaKOro
MPOEKTa MUKPOKOHTPOJIIEP OINpAIIMBAET NaTYMK U NiepeaacT TaHHbIE Il OTOOpaXKeHUS
60 o UART na I1K, mu6o mo Wi-Fi na Be6-cepsep unu B loT-mardopmy. [Ipumep

takoro DIY-nabopa npencraBieH Ha PUCYHKE 6.

Pucynox 6 — DIY-nabop

OCHOBHBIM TMPEUMYIIECTBOM JAHHOTO IOJXOJa SBISETCS €ro JIOCTYITHOCTb.
Huzkass CTOMMOCTh KOMIIOHEHTOB, OTPOMHOE COOOINECTBO, HAJIWYUE TOTOBBIX
OMOJIMOTEK MPAKTHYECKH JJIs JIFOOOTO JaTdyhKa M HU3KHK IOPOr BXOJa ITO3BOJISIOT
OBICTPO CO3/1aBaTh pabOYNE TPOTOTHIIHI.

OpnHako, HECMOTPST Ha TOMYJSPHOCTh, MOAXOJ Ha 0a3e MUKPOKOHTPOJUIEPOB
HMEET PsJi MPUHIHUIHAIBHBIX OTPAaHHYCHHI, KOTOPHIC CTAHOBATCS KPUTHYHBIMH IIPU
MOMBITKE  MacimTadupoBaHuss g0 ypoBHI DAQ-cucteM. MHKPOKOHTPOJIIEPHI
BBITIOJIHSIFOT TIPOTPaMMy TOCTEAOBATEIbHO. JTO O3HAYAeT, YTO 3aJadyu, TPeOyromue

CTpOTruX BpPEMCHHBLIX HWHTCPBAJIOB MM OAHOBPEMCHHOI'O OIIpOCa HECKOJBbKHX
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HE3aBUCUMBIX KaHAJIOB, PEAIM3YIOTCS C NOMOILBIO MNPEPhIBAHUN U MPOrPAMMHBIX
YXUUIPEHUH, YTO HE TapaHTHUPYET UCTHUHHOIO Mapamienu3ma. [Ipon3BoauTensHOCTD
TaKOM CHCTEMbI OIpaHUYeHa TAKTOBOM 4acTOTOM Mpolieccopa U €ro apXUTEKTypoOu, 4To
OBICTPO CTAHOBUTCS Y3KMM MECTOM NPHU YBEIMYEHUH KOJMYECTBA HATYUKOB WIU
HOBBIIIEHUH YaCTOThI UX OIpOca.

B otnuume ot 3toro, ucnons3zoBanue [1IJIMC no3Bossier peann3oBaTh HCTUHHO
napauleIbHy0 apXUTEKTYypy. Kaxkaplii MOlysib CUCTEMBI MOXKET paboTaTh HE3aBUCUMO
U OJJHOBPEMEHHO C JIPyTUMHU, YTO 00€CIIEUNBAET MIPEICKa3yEeMOCTh, BBICOKYIO CKOPOCTb
U alnapaTHYK PEKOH(UTYpUPYEMOCTb. DTO SIBISETCS KIIOYEBBIM MPEUMYLIECTBOM U
obocHoBanueM BbliOOpa ITJIMC mig co3nanusi THOKOTO M MPOU3BOAUTEIBHOTO siApa

cUCTEMBbI cOOpa TaHHBIX.
1.3 Texuuveckue TpeOOBaHUA K CHCTEMeE

ArmnmapaTHasi 4acTb CHUCTEMbI JOJDKHA BKJIIOYATh B CeOsl OTVIAIOUHYIO IUIATy Ha
6aze TIJIMC. Tlnara nomxHa MPeaOCTaBIsATh JAOCTYI KaK K JUHUSM MUTAHUSI, TaK U K
nporpammupyembiM kKoHTakTaM [IJIVC. [dns peanuzanuu unrepdeiico 12C u UART
TpeOyeTcss HalMuue HEe MEHEe YETHIPEX CBOOOJHBIX MPOrPAMMHPYEMBIX KOHTAKTOB.
Kpome Toro, Heo0xo1uMbl caMu UG POBBIE TaTYUKH, COBMECTUMBIE C MpoToKoJioM [2C.

[IporpammHuoe obOecrneuenue, ¢GyHkuonupymoomee Ha [IK, nomkHO OBITH
COBMECTHUMO C OIepallMOHHBIMH cucTeMamu cemerictBa Windows. [l ero paGoThl
TpeOyr0TCsI MUHUMAJIbHBIE pecypchl, o0ecnieurnBaeMble coBpeMeHHbIM [1K: mpoueccop ¢
TakTOBOM "yactoToit He Hke | I'T' u He menee 2 ['6 oneparuBHoit namsaru. [Iporpamma
nobkHa uMmeTh jpoctyn kK COM-mopty 1jisi oOMeHa OaHHBIMM C TiaToil. Takoke
TpeOyercs Hanmuue Ha aucke [IK e menee 50 MO cBOOOAHOrO MPOCTpaHCTBA IS

YCTAaHOBKHU MPHUIIOKEHUS U XpaHECHUS 0a3bl JaHHBIX.
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2 ApXHMTEKTYypa CUCTEeMbI M BHIOOP HHCTPYMEHTOB Pa3padoTKu

2.1 ApxuTeKTypa cucTeMbI

[IpoekTupyemast cuctema cOOpa JaHHBIX NPEACTaBIAET COOOM MPOrpamMMHO-
anmapaTHbli KOMIUIEKC, KOTOPBIM Oa3upyercs Ha MOJYJIbHOH JIBYXYPOBHEBOM
apxutektype. IlomobHoe normyeckoe pasneieHue TO3BOJseT  AHPEeKTUBHO
pacrpenenuTh BEIYUCIUTENBHYIO HATPY3Ky MEXKIY anmnapaTHOM JIOTUKOW U pecypcaMu
[IK, a Taxke 3akiagbplBacT OCHOBY JJisi MAcIITaOMPYEeMOCTH MPOEKTa B OymyIIeM.
OOmast cTpykTypa B3aWMOJECHCTBUSA KOMIIOHEHTOB pa3padaTblBAEMOro KOMILIEKCa
HarJsIHO JEMOHCTPUPYETCS HA IUarpamMMe pa3BEPTHIBAHUsI, KOTOpas MPEICTABICHA B
puioxeHuu A 4.

HuxHuil anmapatHbli ypoBEHb CUCTEMBI OyAET OTBEUATh 32 HEMOCPEICTBEHHBIHN
cOOp JaHHBIX W WX MEPBUYHYIO MOATOTOBKY. [Ipenmonaraercs, 4To SApOM JaHHOTO
ypoBHs BeICTYNUT oTiano4Has miata ¢ [IJIMC. Ona OyaeT BBIIOJHATH POJIb BEAYILIETO
yCTpOKCTBA, KOTOpOE Mo U poBOH mocaeaoBaTebHoM muHe [2C ocyliecTBaseT onpoc
MOAKIIOUEHHBIX BEIOMBIX IU(PPOBBIX JTaTYUKOB. [l KOMMyTaluM JaTYUKOB C
OTJIAJJOYHOM TJIATOW IUIAHUPYETCsl pa3padoTaTh MAKETHYH COEAMHUTENIbHYIO IIATy.
DJIeKTpUYECKas cXxema CTeHJa peAcTaBiieHa B npuiioxkenuu b.1.

CBA3yIOIIMM  3BEHOM MEXAYy almapaTHbIM ¢ MPOTPAMMHBIM  YPOBHSIMU
aApXUTEKTYpPhl BBICTYNHUT KaHal IMepefadyd JaHHBIX, OpPraHW30BaHHBI Ha 0ase
acuaxponHoro uHTepdeiica UART. dusnueckoe conpspkeHrne OyneT o0ecrneuynBaThes
anmnapaTHbIM MOCTOM, nipeoOpa3zyromuM curiainsl UART B mporokon USB. brnaronaps
stomy Ha cropone [IK Oyaer wHuMImManmsupoBan BuptyaidbHbli COM-mopT, uepes
KOTOPBIM OpraHU3yeTcsl IYIUICKCHBIM OOMEH MakeTaMu JaHHBIX M YIPaBJISIONIMMU
KOMaHJaMu MEX1y oTiaano4Hoi miatou u [1K.

BepxHuli nmporpaMMHbIA YPOBEHb CHUCTEMBI IUIAHUPYETCS PEaIn30BaATh B BUJE
KOHCOJIbHOTO KiueHTtckoro mnpuioxkenus mist IIK. Ilnanupyercs, 4Tto nmaHHas
nporpamMma BO3bMET Ha ce0sl 3a7]a4l BHICOKOYPOBHEBOIO YIIPABICHUSI U3MEPUTEIbHBIM

KOMIIJIICKCOM, BSaHMOHGﬁCTBHH C IIOJB30BaTEIEM M MaTEMaTHYECKOM O6pa6OTKI/I
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MOJIyYEHHBIX «CBIPBIX» 3HAYEHUN C nardyukoB. [IpuiokeHue Oyner mpociaylInBaTh
OoTKpbIThIE COM-TIOPT, OTHPAaBIATH KOMAHJABI 3allpOca KOHKPETHBIX MapameTpoB IO
HaKaTHIO 3aJaHHBIX KJIABUIII U BBIBOJIUTH OT(HOPMATUPOBAHHBIE PE3YIbTaThl U3MEPEHUI
B KOHCOJb. [Ipeamnonaraemspiii anroput™M paboThl MPOrPaMMbI MOAPOOHO OMUCHIBACTCS
UML-nuarpaMmoii 1eSITENbHOCTH, KOTOPAsi IPEACTABIEHA B MPUIIOKEHUN A.3.
3aBeplIAOMIMM APXUTEKTYPHBIM 3JEMEHTOM BEPXHErO YPOBHS BBICTYIIAET
NoJICUCTEMa JOJTOBPEMEHHOIO XpaHeHusi uHbopmauuu. s pemieHus 3agadu
COXPAHEHUsI UCTOPUM HM3MEPEHUI B KIMEHTCKOE NMPHIOKEHHE OyJeT MHTErpupOBaHa
BCTpanBaeMas cuctema yrpanienus 6azamu nanabix (CYBJl) SQLite. Jloruka paGoThl
IIPUIOKEHMS TOAPAa3yMEBAET, YTO MPU KaXJOM YCIECIIHOM LHKJIE OIpoca NaT4UKOB
nporpamma OyAeT aBTOMAaTHYECKH T€HEpHUPOBATh 3alpoChl Ha J00ABJIEHUE HOBBIX
3anuceil B JIoKanbHbIM Qaitn BJ[. Ot 3anucu OyAyT BKIIIOYATH MOPSAKOBBIM HOMEP
3a1poca, JaTy U BpeMs, a TAKXKE UTOrOBbIE BbICUMTAHHbIC 3HaueHUs. [IpennoxeHnbiin
ApPXUTEKTYPHBI MOAXOJ IO3BOJUT CO3AaTh TMOKHUNA W3MEPUTEIbHBI HHCTPYMEHT,

ITOJIHOCTBIO COOTBGTCTBYIOHII/Iﬁ ITOCTAaBJICHHOMY 3a/1aHUIO.
2.2 Bp10Op HHCTPYMEHTOB pa3padoTKu

2.2.1 Unrepdeiic 12C

Jlnst opranmzanuu  oOMEHAa JaHHBIMH MEXIY YNPaBIAIONIMM MOJYyJIEM U
nepudepuitHbIMA TaTYuKaMu ObLT BBIOpaH mochenoBaTenbHbii untepderic 12C. On
obecrieunBaeT CHUHXPOHHOCTh, MOJYAYIJIEKCHOCTh U MO3BOJISIET O0BEUHATH Ha OJTHOU
IMHE MHOYKECTBO YCTPOMCTB.

Nutepdeiic 12C nmoaxoauT jyuisl 3TOM 3aauyd MO HECKOJbKUM MpuurHam. Bo-
NEPBbIX, OH SKOHOMUYEH C TOYKH 3PEHHUS UCIIOJIb30BaHUs almapaTHBIX pecypcoB. s
PabOTHI MIUHBI ¢ MHOYKECTBOM YCTPONCTB TPeOyeTCs BCETO JIBE TUHUU CBsI3U — SDA s
nanHbix 1 SCL myst TakThpoBaHusi. Bo-BTOpBIX, KIIFOYEBBIM 3JIEMEHTOM IMPOTOKOJIA
ABJISIETCA cUcTemMa ajapecauu. Kaxaoe BeaoMoe YCTPONCTBO Ha IIWHE HWMEET
YHUKAJIBHBIN aJIpec, 4TO MO3BOJIACT IIIaBHOMY YCTPONCTBY IIeJICHATIPABICHHO O0IAThCS

¢ moObIM u3 HuUX. MMeHHO »TOT MexaHuW3M oOecIieunBacT MaCIHTa6I/Ipy€MOCTL,
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IIO3BOJIIA MMOAKIIOYAaTh K CUCTEMEC HOBBIC JAaTUYHMKH 0e3 U3MeHEeHHs annapaTHoﬁ qaCTu
YIPaBJIIAIOMICTO MOIYJIA. O6H13.SI cXeMa TakKou opraHu3anun IIpCACTaBJICHA Ha

PUCYHKE 7.

VCC

SDA

12C
Master 1 SCL

c 2C c
Slave 1 Slave 2 .ee Slave n

Pucynok 7 — CxeMa noakiatoueHus yCcTporcTB 1o mune [2C

Hurepdeiic 12C sBnsercs oOMIENPUHITHIM MPOMBIILIIEHHBIM CTaHIAPTOM JIJIst
MOAKIIFOUEHHUSI IIUPOKOIO CIEKTPA CEHCOPOB M MHUKPOCXEM B ITPOMBIIUICHHBIX W
nabopaTOpHBIX yCiIoBUSX. VICMoNb30BaHME CTaHAAPTHOTO MPOTOKOJA TapaHTHUPYET
COBMECTUMOCTh C OOJIBIIUM KOJMYECTBOM JOCTYIMHBIX HA PBIHKE JaTYUKOB, YTO
ABJISIETCS HEOOXOJAMMBIM YCJIOBHEM JUIsl CO3AaHUsl TMOKOM W yHuBepcanbHO DAQ-
CUCTEMBL.

2.2.2 Nnreppeiic UART

s cBsizu anmapatHoro moayds Ha 6ase ITJIMC c TIK Ob11 BeiOpan unTepdeic
UART. OH sBiseTcsi NPOBEPEHHBIM U HAJAEKHBIM PEIICHHEM [JIi OpraHu3aluu
NIOTOKOBOM INEepeavyu JaHHBIX MEXIY ABYMs YCTPONCTBAMM.

B otnnune ot mmuHoro uHTepdeiica [2C, UART npennasHadeH ajis COSTMHEHUAN
Touka-Touka. OOMEH NaHHBIMU OCYIIECTBISCTCA B IYIUIGKCHOM PEXKHME IO JBYM
muausaM: TX mig nepenaun nanHbix U1 RX g npuéma. ACHHXPOHHBIM XapakTep
uHTep(deiica u3zbaBiasieT OT HEOOXOJUMOCTH HCHOJB30BaTh OTACIBHYIO JIMHUIO

TaKTUPOBAHHA, YTO YIPOIIACT €ro peam3alunio. I[JISI YCHCH.IHOI\/’I KOMMYHHKAIIUU Ha
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CTOpPOHE MPUEMHHUKA U MEepeaTYNKa 3apaHee JOJKHBI ObITh COTJIACOBAaHHBI MTapaMeTPhl
uHTep(delica, Takue Kak CKOPOCTh IEPEJauH TaHHBIX, KOJIMYECTBO OUT JJaHHBIX, HATMYHE
OuTa YETHOCTH U KOJIMYECTBO CTON-OUT.

Hutepdeiic UART siBasieTcst upe3BbIYaitHO BOCTPEOOBAHHBIM B MPOMBIIIICHHON
aBTOMATH3allMM, BCTPAUBAEMBIX CHCTEMAX U JIabopaTOPHOM 00OpYI0BaHUM Osarogaps
CBOCHM TMpOCTOTE, HHU3KUM TpeOOBaHUSIM K pecypcaM M TIpelackasyeMoctu. B
CoBpeMeHHbIX cuctemax mia noaxiroueHus Kk IIK nmpumensercs moct USB-UART.
CrienmanusupoBaHHasi MUKpocxeMa Ha 1uiate npeodpasyet curHasisl UART B nporokon
USB, co3naBas B onepanyoHHONW cucrteMme BUpTyaiabHbli COM-nmopT. 9TO MO3BOJISAET
mobomy coBpemeHHoMmy IIK nerko B3amMoJeHCTBOBaTh C ammapaTHBIM MOJIYJIEM.

YnpoménHas cxema B3auMOAEHCTBUA MOKa3aHa HA PUCYHKE 8.

Device 1 Device 2
TX TX

GND GND

Pucynok 8 — Cxema opranuzanuu cBsizu no UART

2.2.3 BwiOop naTYMKOB

JInst  TpakTUYeCKOM MPOBEPKM H  JIEMOHCTpalud  paboTOCIOCOOHOCTH
M3MEPUTEIBLHOIO TpaKTa MPOCKTUPYEMOM CHUCTEMbl OBLUIM BBIOpAaHBI JBa IIUPOKO
pactpocTpaHEHHBIX U MOCTYMHBIX IMpoBeix gatunka: AHT21 u BMP180. Baxno
MOTYEPKHYTh, YTO BBIOOp ATHUX JATYMKOB HOCHUT JIEMOHCTPAIIMOHHBIA XapakTep.
Pa3zpaboTtannas cuctema He IpUBsA3aHA K U3MEPSIEMBbIM UMH (PU3UUECKUM BEJIMYMHAM H
MOXET OBITh JIETKO aJalTHpOBaHa g pabOThl C JIOOBIMU JIPYTUMHU JaTYUKAMH,
nojaaepkuBaromuMu uHTepdeiic 12C, 9to u sBAsSEeTCS OMAHOM W3 Iejed Cco3aaHus
YHUBEPCATHHOU MIaTHOPMBI.

Jlnst u3MepeHus TeMrnepaTypbl U OTHOCUTEBHOM BIAXKHOCTH OBLIT BEIOPAH JaTYUK
AHT21. DT10 BBICOKOTOUYHBIM 1HU(poBOM maTunmk kKommaHuu ASAIR, koTopsrii

IIOCTaBJIACTCA OTKaJ'II/I6pOBaHHBIM Ha 3aBOJAC U HEC Tpe6yeT CJIOKHBIX BBIYHUCJICHUHU JJIsA
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MOJTyYCHUSI KOHEYHBIX 3HAYCHHM, YTO YMPOIIAET OTIAaAKy 0a30BOHM JIOTHKH OIMpoca
JnaHHbIX [1].

Jlnst u3amepenus armocdepHoro nasieHusi 0bu1 BeIOpad aatuuk BMP180. Otot
1udpoBoil AaTuMK Mpou3BoacTBa Komnanuu Bosch Sensortec, B omimmune ot AHT21,
TpeOyeT MpoBEeACHUS psija MaTEMAaTUYECKUX BBIYUCICHHUM AJIA MOJYyYEeHUS] UTOTOBOTO
3HAYCHUS JABJICHHUS U3 «CHIPBIX» JaHHBIX. HeEoOXOoIWMOCTh peanu3alud dTUX
BbIuKciieHuid Ha ctopoHe 1K mo3Bosiser npoieMoOHCTPUPOBATH BO3MOKHOCTH CUCTEMBI
HE TOJIBKO 0 cOOPY, HO U IO MOCeAYIoIIeH 00paboTke 1 MpeoOpa3oBaHUIO JaHHBIX [2].

Takum o0pa3zoM, KOMOWHAIMS ATUX JBYX JAaTYUKOB IO3BOJISIET KOMIUIEKCHO
MPOTECTUPOBATh BCIO CHUCTEMY: OT 0a30BOT0 UTEHHUsS JAHHBIX N0 peanu3ainuu Oosee
CJIO’KHOTO TIPOTOKOJIa € MOCHeayIolled MaTeMatuueckoil oopaboTkoi. Oba narurka
MOTYT OBITh MOAKIIOUEHBI K OJHOM mmHe [2C, 4To MOo3BOJSET MPOJEMOHCTPUPOBATH
MacITabupyeMOCTh IIMHBI HAa MpaKkTHUKe. BHEMIHWI BUJ HCMONB3YyEMBIX TATYHMKOB

ITOKa3aHbl Ha pucyHkax 9, 10.

Pucynox 10 — JlTaruuk BMP180
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2.2.4 Bwibop oTnamounoi miaatel u [TJIMC

B kadecTBe HEHTpaIbHOTO YMpaBisiouiero sneMenta BbiOpana [IJIMC. Dtor
BBIOOp  sABisieTcsl  (QyHIAMEHTalIbHBIM  JUISI  CO3JAHUSl  MacluTadupyemMoud o
BBICOKOTIPOM3BOJUTEILHON  CHUCTeMBI ~ cOopa  maHHBIX. B oTimume  OT
MUKPOKOHTPOJUIEPOB € KX IOCJIENOBATENbHBIM BbINONHEHWEM Komana, [IJIMC
MpeAcTaBiIsieT co00i MaTpuily KOHMDUTYpHUPYEMBIX JIOTUYECKHX OJoKoB. Takas
CTPYKTypa NO3BOJISIET ONKCHIBAaTh U PEATM30BBIBATH allapaTypy, BBIINOJIHSIIONIYIO
3a1a4d MapajuienbHO. [ cucTeMbl 3TO O3HA4YaeT BO3MOYKHOCTH OJHOBPEMEHHOTO,
HE3aBHUCUMOTO M C TPEACKa3yeMOMl 3a/ep>KKOM OmpamimBaTh JECITKUA Pa3TUUYHBIX
JATYMKOB, YTO HEBO3MOXKHO pEaTn30BaTh HA MUKPOKOHTpoOJUIepe 0e3 CYIIeCTBEHHBIX
KOMITPOMHUCCOB.

Jns peanuzanuu npoekTa Oblia BeiOpaHa rotoBas oTiagouHas miatra ALINX
AX309. Ha ueii ycranosiena [TJIMC XC6SLX16 cemeiictBa Spartan-6 ¢pupmbl Xilinx.
[IprMeHeHne MOKYIHOW OTJIAJOYHOM IUIAThI MO3BOJISET HCIOJB30BAaTh CTaHAAPTHBIN
Habop UHTEpPEHCOB U 0OCCIIeYNBACT BO3MOKHOCTh MACIITAOUPOBAHMS CUCTEMBI.

JlanHbIl BBIOOpP OOYCNOBJIEH HECKOJIbKMMH (akTopaMu. Bo-mepBwix, MaTta
ALINX AX309 coapepxkut moct USB-UART, neooxonumbiii mis cBsizu ¢ [1K. Bo-
BTOPBIX, MuUKpocxeMa XCO6SLX16 obiamaer 3HAUUTENBHBIMU pecypcamu: Oojee 14
TBICAY JIOTUYECKUX A4€eK U CBbIIE 100 JOCTYHBIX MOJIB30BATENI0 KOHTAKTOB [3]. OTH
pecypchl  SBISAIOTCA W30BITOUHBIMU JIJI1  JIEMOHCTPAIIMOHHOM 3a/laud ¢ JAByMS
JaTYMKaMH, OJIHAKO  OHU  3aKjaAblBalOT  GyHAAMEHT 1 JajdbHEHIIero
MacIlITaOUPOBAaHUSI CUCTEMBI: J100aBJICHUs] HOBBIX MHTepdeicoB, peanusanuu Oosee
CJIOKHBIX aJTOPUTMOB TPEABAPUTEIbHON 00padoTku naHHbIX mpsmo Ha [IJIMC wu
MOJKJITIOUCHHS 3HAYUTEIHLHO OOJIBIIErO YMCiia JATYMKOB. JIJisl BBIMOJHEHUS CIIOKHBIX
pacuéToB €CTh BO3MOXKHOCTH NOCTpoeHHs KoHTpoiuiepa BHyTpu [IJIMC. Oto
MOJTHOCTBIO COOTBETCTBYET 1I€JIM CO3JaHUs paclIupsieMoro nportotuna DAQ-cucTemsl.

BuemHuil Bua UCnonb3yeMon OTIaJ0YHOM TIJ1aThl MPEICTaBICH Ha pUCyHKe 11.
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Pucynok 11 — Otnanounas mata ALINX AX309

2.2.5 BpiOop si3pIKa IpOrpaMMHUPOBaHUS U cpebl pazpadotku ams [TJINC

Hns nporpammupoBanust [IJIMC ucnonp3yroTcs crneuain3upOBAHHBIE S3bIKU
onucanus anmnaparypel (HDL). B oTivuume OT TpaauUMOHHBIX SA3BIKOB, KOTOpHIE
OTKMCBHIBAIOT MOCIIEI0BATENBLHOCTH JIevcTBUM, HDL onuchIBatOT CTpyKTYpy ¥ MOBEICHUE
U(POBBIX JIOTUYECKUX CXEM. Haub6onee pacnpocTpaHEHHBIMU U
CTaHAAPTU3UPOBAHHBIMU sI3bIKaMU B 3ToM obOsactu sBisaroTcss VHDL u Verilog.

Jlnst nanHOTO TpoekTa ObuT BBIOpaH si3pik VHDL. VHDL sBasiercst ctporo
TUMHU3UPOBAHHBIM SI3BIKOM, 4YTO I[OMOTaeT H30erarb MHOTMX OIIMOOK Ha JTamne
KOMOWISIMUA Tpoekta. Ero cuHTakcuc, mo cpaBHeHuro ¢ Verilog, sBisieTcs Ooiiee
MHOTOCJIOBHBIM, OJJHAKO 3TO JIElaeT KOJl 00Jiee YUTAEMbIM U CAMOJOKYMEHTHUPYEMBIM,
YTO YIPOILAET COMPOBOXKIECHUE U MOJIU(DUKAIMIO CIOXKHBIX IMPOEKTOB, KAKUM H
aBisieTcs aapo cucrteMbl. VHDL no3BossieT onuceiBaTh CUCTEMY Ha Pa3HbIX YPOBHSX
abcTpakiuy, 4To Aa€T pa3paboTuuKy OOJBIIYI0 THOKOCTH MPHU MPOSKTUPOBAHUHU KaK
OTJAEJIBHBIX MOAYJIEW, TAK U BCEM CUCTEMBI B LIETIOM.

B xauectse cpenst pazpadotku mist [TJIMC Xilinx Spartan-6 6s11a Beiopana Xilinx
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ISE 14.7. lannas Bepcusi ABISETCS MOCIEAHUM O(UIIMAIbHBIM BhITyckoM OT Xilinx,
KOTOPBIH OOEcrieunBaeT MOJIHYI0 NOAAEPKKY ceMeiicTBa Spartan-6. ISE npencrasnser
co00M KOMIUIEKCHBIM MaKeT, BKIOYAIOMIUNA BCE HEOOXOIMMBIE HHCTPYMEHTHI: OT
TEKCTOBOI'O PEJAKTOPA U CUMYJIATOPA JIsl IPOBEPKU JIOTUKH JI0 CUHTE3aTOpa U YTUIIUT
JUISl TeHepaluy U 3arpy3ku ¢aiina npomrsky B [TJIMC. Beibop 1aHHOTO MporpaMMHOTO
oOecrieueHus1 ABJIAETCS €IMHCTBEHHO BEPHBIM PEIIEHUEM JUIsl padOThl C BBIOPAHHOM
armapaTHou miaaTGopMo.

2.2.6 BriOoD si3pIKa IPOrpaMMHUPOBAHUS U cpeibl pazpadoTku aist [TK

Jnsg  peanu3auuy  KIMEHTCKOTO  MPWIOKEHHUS, MPEIHA3HAUYEHHOTO IS
B3aUMOJEHCTBHUSI C amnmapaTHbIM MOAyJeM, Obul Mpou3BEAEH BBIOOP  sI3bIKa
nporpammupoBanus C++. JlaHHOE NPUIIOKEHUE BBIMOIHAET 33a41 TPUEMA TAHHBIX 110
COM-nopty, ux nocneayouieid 00padoTKH, BU3yalu3allud B KOHCOJIU U COXPAHEHUS.
JUtst pelieHns 3TOM 3a7a4d paccMaTpUBAIMCh TPU OCHOBHBIX KaHaupata: C++, C# u
Python.

A3k mporpamMmupoBanus Python, 6iarogapst mnpoctoTe cMHTakcuca U HATMYHUIO
OubnaMoTeKk My JIOOBIX 3ajad, SBJISETCS TMPUBJIEKATEIbHBIM HMHCTPYMEHTOM IUIs
ObicTporo mnpoToTUnHpoBaHud. OgHAKO, OyIydd HMHTEPIPETHPYEMBIM S3bIKOM, OH
UMEET JBa CYLIECTBEHHBIX HEIOCTaTKa JUIsi KOHEYHOro MNpoAyKTa. Bo-mepBhIX, OH
TpeOyeT yCTaHOBKHM Ha KOMIIbIOTEP MOJIb30BATENsI caMOro uHreprperaropa Python u
BCEX HEOOXOAMMBIX OMONHOTEK. BO-BTOpBIX, paboTa yepe3 CiIoll MHTEpHpeTauuud U
UCIOJb30BAaHUE  aBTOMATHYeCKoro  cOopuiMKka  Mycopa  MOTYT  BHOCHUTH
HemnpeacKazyeMble 3aJep>KKH, YTO HEXKENIATEeNbHO Il CHUCTEMBbI, 0OpabaThiBarOIICH
ITOTOKH JIAHHBIX B PEAJIbHOM BPEMEHMU.

A3bik nporpammupoBanus C# mpenctaBisieT coOOW COBPEMEHHBIN, 0OBEKTHO-
OpUEHTHUPOBAHHBIN $3bIK, TYOOKO HMHTETrpHpOBaHHBIN B 3kocuctemy Windows. On
3HAYUTENIbHO YIPOIIAET U YCKOPSIET polecc pa3paboTKu Mo cpaBHEHUIO ¢ C++ 3a cuét
aBTOMATUYECKOTO YIpaBJeHUs mamsAThio U Ooraroi Oubnmoreku kinaccoB .NET.
OpnHako 3T0 NPEUMYILECTBO UMEET OOPATHYIO CTOPOHY: JUIsl paOOThI IpHIt0KeHUs Ha C#

TpeOyercs Hanuuue Ha 1eneBoil mammHe ycraHoBieHHoro .NET Framework. Oto
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CO31aET AOMOJIHUTENIbHYIO 3aBUCUMOCTD U YBEJIMUMBAET «BECY MPUIIOKEHHUS, UTO MOXKET
OBITH HEXeNaTeJIbHO JJI1 CUCTEMHOT0, Hu3koypoBHeBoro [10.

Ha »stom ¢one C++ Obul BbIOpaH Kak Haubojee MOAXOJAIee pelleHue.
KiroueBbiM  mpeumymiectBom  CH++  sgBasieTcss TO, 4YTO OH  KOMIWJIMPYETCS
HEMOCPEJICTBEHHO B HATUBHBIM MAIIMHHBIA KOJ. DTO MO3BOJSET CO37aBaTh OBICTPHIE,
KOMITIAKTHBIE U TOJHOCTBIO aBTOHOMHBIE HCHONHsEeMble (ailibl, He TpeOyromue s
CBOEH pabOThl HUKAKUX BHEIIHUX 3aBUCUMOCTEH. J[JI1 KOHEYHOro MOJIb30BATENS ITO
03Ha4YaeT MaKCUMAaJIbHYIO IPOCTOTY, JOCTaTOYHO 3allyCTUTh OAUH (aiin. Kpome Toro,
C++ nmpenmocraBisieT MOIIHBIE W HpsIMbIE CPEACTBA JUIsl  HU3KOYPOBHEBOTO
B3aMMOJICUCTBHS C OTIEPALIMOHHON CUCTEMOM, YTO KPUTHYECKU BAXKHO JJI CTAOUIILHOM
U IIpe/ickazyeMoil paboThl C anmapaTHbIMU pecypcamMu, TakuMu kak COM-nopr.

B kauyecTBe MHTErpHpOBaHHOM cpeabl pa3pabdoTKu Oblia BbIOpaHa Microsoft
Visual Studio 2022. SBnssice cranmaptoMm s pa3padotku Ha C++ moxg Windows,
Visual Studio mpenocTtaBiseT HE TOJBKO PEAAKTOP KOJa, HO U OTJAIYUK, KOTOPBIA
HE3aMEHHUM TIPH OTJIAJKE MPOTOKOJIOB OOMEHA JAHHBIMH, a TAKK€ MHCTPYMEHTHI JJIs
yIpaBJIEHUS POECKTOM.

2.2.7 Boibop CYB/I

Jlnst perieHust 3aa4d JOJATOBPEMEHHOTO XPAaHEHHUS JaHHBIX, MOJTYYaeMbIX OT
anmapatHoro monydis, Tpedyercs CYB/. Ilpu Beibope CYBJl nis BcTpanBaeMbIx U
JIOKaJIbHBIX NPUJIOKEHUM, KakuM sIBIAeTCA paspadarbiBaemblii mportoTun DAQ-
CHUCTEMBI, pAacCMATPUBAIOTCSA JIBA OCHOBHBIX IOJXO/Aa: HCIIOJIb30BAaHUE KIIMEHT-
cepsepHoit CYB/I nim BctpanBaemoit CYB/I.

Kmuent-cepBepasie  CYB]/[  ABIAOTCS  MOIIHBIMH,  MAacCIITaOUPYEMBIMHU
CUCTEMaMH, MPEJHA3ZHAUYCHHBIMU ISl OOCIYKMBAaHHUSI MHOYKECTBA KJIMEHTOB B CETH.
OnHako UX UCHOJB30BAHKE ISl JIOKATBHOTO MPUIIOKEHUS HeonpaBaaHHo. OHO Tpedyer
YCTAaHOBKM W HACTPOMKM OTAEJIBHOIO CEPBEPHOrO IPOLECCA, YTO YCIOKHSAET
pa3BEPTHIBAHUE U HCIOJIb30BAHWE KOHEUHOTO MPWIOKEHUS, a TakkKe MOTpeOsseT
JOTIOJHUTENbHBIE CUCTEMHBIE PECYPCBI.

B cBsi3u ¢ 3THM, A TaHHOTO TpoeKTa Obuia BhIOpaHa BcTpamBaemas CYB]]
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SQLite. SQLite npeacrasniser co6oii mporpaMMHYI0 OMOJIMOTEKY, KOTOpasi peajin3yeT
nosHoGyHKIMOHAIBHBIN SQL-aBmxkok. B oTinuue ot knmeHt-cepBepHbix CYB/I,
SQLite He TpeOyeT OTAENBLHOTO CEPBEPHOrO MPOIEcca U XPAHUT BCIO 0a3zy JAaHHBIX B
OJTHOM €MHCTBEHHOM (haiijie Ha TUCKeE.

Takol moaxo/a UMEET HECKOJIbKO KIIFOUEBBIX MPEUMYILECTB sl HAllleH 3aJauu.
On obecreunBaeT MPOCTOTY Pa3BEPTHIBAHUS, TaK Kak IS padOTHI ¢ 0a30i MaHHBIX
JOCTaTOYHO JIMIIb MNOAKIIoUUTh OmOmmoreky SQLite xk C++ mpoekry, a camo
npujokeHue OyAeT aBTOMAaTHYECKH co3JaBaTh M paboraTh ¢ Qaitniom. Kpome Toro,
SQLite He TpeOyeT aAMUHUCTPUPOBAHUS U 00JIalaeT TPAH3AKIIMOHHBIM MEXaHU3MOM,
rapaHTUPYIOUIUM LIEJIOCTHOCTh JaHHBIX AaXKe B ciayyae cOoeB. HakoHel, momyasipHOCTb
dopmara SQLite obecrieurBaeT HATMYUE MHOKECTBA CTOPOHHUX rpaMUECKUX YTUIIUT,
taknx kak DB Browser for SQLite, koTopble MO3BOJSAIOT JETKO NPOCMATPUBATH U
aHAJIM3UPOBATh COAEpKUMOE (ailnia 0a3bl TaHHBIX HA ATane pa3pabOTKH, OTIAAKU U
MOCJEAYIONIEro aHaIu3a HakomieHHOW nHdopmaru. Bee atu daktopsl nenarot SQLite
UJCaTbHBIM BBIOOPOM JUISl JIOKAJIBHBIX MPWIOKEHUH, rae Tpeldyercsa HanéxHoe

XpaHEHHE CTPYKTYPUPOBAHHBIX JAHHBIX 0€3 YCIOKHEHUS aPXUTEKTYPHI.
2.3 YcTraHOBKAa M HACTPOMKA pado4ux cpe/

Jlig peanu3zanuy MpOrpaMMHON 4YacTU TIpoekTa TpeOyeTcs IpenBapuTesbHas
yCTaHOBKA M HACTPOWKAa MHTETPUPOBAHHBIX cpen paspadoTku kak st [IJIUC, Tak u
s TIK.

2.3.1 YcranoBka u Hactpoiika Xilinx ISE 14.7

Jlns Havana ycTtaHOBKH HeoOxoaumo ckayaTh auctpubytuB Xilinx ISE 14.7 c
opunmansHoro cairta. OCOOEHHOCTBIO JTAHHOW Bepcuu siBisieTcsi €€ paboTa BHYTPH
BupTyanbHoi cpenpl. Ilpu ycranoBke Xilinx ISE 14.7 ycraHoBIIMK mpejiaraer
ycTaHoBUTH VirtualBox aBTOMaTH4eCcKu, OJJHAKO OH UCIOJIb3YET YCTAapEBIIYIO BEPCHIO,
YTO MOXET MIPUBECTH K MPoOIEMaM COBMECTUMOCTHU C COBPEMEHHBIM 000y 10BaHUEM U
JIparBEpaMH.

B cBsi31 ¢ 3TUM OBLIO MPUHSATO PEIICHUE YCTAHOBUTH 00Jiee HOBYIO U CTaOUIIbHYIO
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Bepcuto 110 mist BupTyanuzanuu BpydHyto. s 3TOro ¢ opuImanbHOro caita Obul

3arpykeH ycraHoBmmKk VirtualBox 7.0.14. [logpoOHblii mporiecC yCTaHOBKHU

MIpEJCTABJIEH Ha pUCyHKax 12 — 17.

'3 Oracle VM VirtualBox 7.0.14 Setuy

Welcome to the Oracle VM
VirtualBox 7.0.14 Setup Wizard

The Setup Wizard will install Oracle VM VirtualBox 7.0.14 on
your computer. Click Next to continue or Cancel to exit the

/ Setup Wizard.

Version 7.0.14 \ Next > ‘ Cancel

Pucynok 12 — OkHO npUBETCTBHS MacTepa yCTAHOBKU

Custom Setup

Select the way you want features to be installed.

Click on the icons in the tree below to change the way features will be installed.

&)-[&-] VirtualBox Application Oracle VM VirtualBox 7.0.14
- 23~| VirtualBox USB Support application.
—--=3~| VirtualBox Networking

=3~ VirtualBox Bridged Networkin¢

=3~ VirtualBox Host-Only Network This feature requires 211MB on your
... 23~| VirtualBox Python Support hard drive. It has 3 of 3 subfeatures
selected. The subfeatures require
1000KB on your hard drive.

Location: C:\Program Files\Oracle\VirtualBox\ Browse

Version 7.0.14 Disk Usage < Back ‘ Next > \ Cancel

Pucynok 13 — BeiOop KOMIOHEHTOB M YKa3aHHE Iy TH JIsl yCTAHOBKHU
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Warning:
Network Interfaces

Installing the Oracle VM VirtualBox 7.0.14 Networking feature
will reset your network connection and temporarily disconnect
you from the network.

Proceed with installation now?

Version 7.0.14 ‘ Yes No

PI/ICYHOK 14 — Hpez[ynpeﬁ(z[eHI/Ie O BpCMCHHOM OTKJIIIOYCHHHU CCTCBBIX COGIIHHGHHI?I IIpu

YCTaHOBKE CETEBbIX MHTEpP(EIicoB

Missing Dependencies
Python Core / win32api

Installing the Oracle VM VirtualBox 7.0.14 Python bindings
requires the Python Core package and the win32api bindings to
be installed first.

When continuing the installation of the Oracle VM VirtualBox
7.0.14 Python bindings now, those need to be set up manually
later. Refer to the Oracle VM VirtualBox 7.0.14 SDK manual for
more information.

Proceed with installation now?

Version 7.0.14 Yes No

[S

Pucynok 15 — YBenomieHnrue o He0OX0IMMOCTH YCTaHOBKH HEIOCTAOIIINX

3aBUCUMOCTEN
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Ready to Install
The Setup Wizard is ready to begin the Custom installation.

Click Install to begin the installation. If you want to review or change any of your installation
settings, click Back. Click Cancel to exit the wizard.

Version 7.0.14 < Back Install } Cancel

Pucynok 16 — [loarBep>xaeHre rOTOBHOCTH K HAYaly YCTaHOBKHU

Oracle VM VirtualBox 7.0.14
installation is complete.

Click the Finish button to exit the Setup Wizard.

Start Oracle VM VirtualBox 7.0.14 after installation

Version 7.0.14 < Back

Pucynok 17 — YBenomieHue 0 3aBepIICHUN yCTAaHOBKHU

[Tocne 3aBepuienust uncrausinuu VirtualBox 7.0.14 BhIMoOnHSETCS yCTaHOBKA

camoro nporpammuoro komriiekca Xilinx ISE 14.7. IToxpoOHblii mpoliecc yCTaHOBKH

MIPEACTABIICH HA PUCYHKaX 18 — 24.
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’ Welcome

We are glad you've chosen Xilinx as your platform development partner. This program will install ISE 14.7 in
a Virtual Environment.

Supported operating systems are:
- Windows 10 Pro: 64-bit
- Windows 10 Enterprise: 64-bit

& XILINX

Copyright © 1986-2026 Xilinx, Inc. All rights reserved. Preferences <

Next > Cancel

Pucynok 18 — OkHO IpUBETCTBUS MacTeEpa yCTAHOBKH

& ISE 14.7 Virtual Machine Installer - Welcome - E
' Welcome

We are glad you've chosen Xilinx as your platform development partner. This program will install ISE 14.7 in
a Virtual Environment.

Supported operating systems are:
— Windows 10 Pro: 64-bit
& Oracle VirtualBox Installation Detected
{ >N An untested installation of Oracle VirtualBox was detected on your machine.
You can continue with this installation, but this version is untested and unexpected results may occur.

Click 'Continue' to install the ISE Virtual Machine using the existing installation of Oracle VirtualBox (Recommended).

Continue Cancel

& 20N

Copyright © 1986-2026 Xilinx, Inc. Al rights reserved. Preferences < Back Next > Cancel

Pucynok 19 — IToaTrBep:kaeHUE UCTIONB30BAHUS YK€ YCTAHOBJIEHHOI BEPCUU

VirtualBox

Accept License Agreements XI LI N
Please read the following terms and conditions and indicate that you agree by checking the I Agree checkboxes. ALL PROGRAMMABLE-

Xilinx Inc. End User License Agreement

By checking "I AGREE" below, or OTHERWISE ACCESSING, DOWNLOADING, INSTALLING or USING THE SOFTWARE, YOU
AGREE on behalf of licensee to be bound by the agreement, which can be viewed by dlicking here.

I Agree

Third Party Software End User License Agreement
By checking "I AGREE" below, or OTHERWISE ACCESSING, DOWNLOADING, INSTALLING or USING THE SOFTWARE, YOU
AGREE on behalf of licensee to be bound by the agreement, which can be viewed by dlicking here.

1 Agree

Copyright © 1986-2026 Xiinx, Inc. Al rights reserved.

< Back Next > Cancel

Pucynok 20 — [IpunsaTHe ycnoBuii TUIEH3UOHHBIX COTJIAlICHUN
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& ISE 147 Virtual Machine Installer - ISE 14.7 O

ISE 14.7

Customize your Installation by (de)selecting Items In the tree below. MOVINg CUrsor over selections below XI LI NX

ALL PROGRAMMABLE.
pravide additional information
ISE System Edition 14.7 (includes EDK).
[=12¢ Design Tools

= ISE Desian Suite in a Virtual Machine
ISE 14.7 Virtual Machine

Disk Space Required: 23.43 GB Reset to Defaults

Copyright ® 1986-2026 Xilinx, Inc. Al rights reserved. < Back Next > Cancel

Pucynoxk 21 — Be160p HHCTPYMEHTOB 11 YCTaHOBKH

» 1 A } 1 3
iA ne Installer - Select Destination Di

)
Select Destination Directory

XILINX
Choose installation options such as location and shortcuts.

ALL PROGRAMMABLE

Installation Options
Select the installation directory

C:\Xilinx

Select shortcut and shared folder options
Create program group entries

Xilinx Design Tools

Installation location(s)

Create desktop shortcuts
C:\Xilinx\14.7_VM

Select the directory to share with VM
Disk Space Required o
Disk Space Required: 23.43 GB C:\VSE_OSTALNOE\Ycheba\ProjectXilinx .. @

Disk Space Available: 52.89 GB e.g. C:\Users\<user>\ise_projects => /home/ise/ise_projects

Copyright © 1986-2026 Xiinx, Inc. Al rights reserved.

< Back Next > Cancel

PucyHnoxk 22 — Bb1OOp IUPEKTOPUH Jis1 YCTAHOBKU U HACTPOMKA COBMECTHOM MAIKH

Virtual Machine Installer - Ins

ion Summary

O
’ — Installation Summary

VIO Edition: ISE 14.7
Design Tools

» ISE Design Suite in a Virtual Machine (ISE 14.7 Virtual Machine)
Installation location
* C:\Xilinx\14.7_VM

Disk Space Required
* Disk Space Required: 23.43 GB

& XILINX

AL PROGRAMMABLE.

Copyiohk €566 2026 XA foc A ot pescend. Preferences <Back = Install Cancel

Pucynoxk 23 — Kparkoe onucaHue yCTaHOBKH
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& ISE 14.7 Virtual Machine Installer - Installation Progress

Installation Progress

XILINX

ALL PROGRAMMABLE.

@ It took <1 minute to install setup files.

& XILINX

ALL PROGRAMMABLE.

@ Done Installing ISE Virtual Appliance.

Xilinx Software Install

m Installation completed successfully.

Spartan®-7 FPGA
I/0 Optimization with Highest Performancé-per=-\Wait

ananaz yiliny com/fnaa

Copyright @ 1986-2026 Xilinx, Inc. Al rights reserved. < Back Install Cancel

Pucynok 24 — YBenoMiieHre 0 3aBEpUIEHUN YCTAaHOBKHU

ITo oxonvyanmu ycranoBku Xilinx ISE 14.7 Heo0X01uMO TTepeiTH K CO3JaHUIO U

HaCTpOﬁKe IIPpOCKTA. Hoz[po6Ha$[ HaCTpOﬁKa IIPpOCKTAa IIpcaACTaBJICHA Ha

pucyHkax 25 — 30.

gwnﬁms Places System Friapr17, 459PM () g
file Edit View Project Source Process Tools Window Layout Help
D2da ADDXx 0w »ip R rR @IS0 isRiIP T L9
Start LT
Welcome to the ISE®
Design Suite
Project commands
Open Project... J "’L”i‘ Browser... - Tip of the Day
[t Pcject; | Cper cxamele n Did you know...
Recent projects
Double click on a project in the list Project Management:
henododuil Tutorials are available for VHDL, | NextTip |
Verilog, and Schematic projects -
from the Help menu. |Erevious Tip
Select Help -> Tutorials ->
Tutorials on the Web
¥ Show Tips at Startup
Additional resources
Tutorials on the Web
Design Resources
Application Notes
Console

‘< I
5] Console | @ Emors | 1. Wamings | & Find in Fles Results

| 8 Terminal | ISE Project Navigator (P..|

Pucynoxk 25 — HavyanbHoe okHO ISE
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>» New Project Wizard

Create New Project
Specify project location and type.

Enter a name, locations, and comment for the project

Name: “ l

Location: /homefise

Working Directory: | /homefise

Description:

Select the type of top-level source for the project

Top-level source type:

| HDL

| More Info Next > || Cancel

Pucynok 26 — Co3anrie HOBOTO MTPOEKTa

> New Project Wizard

Create New Project
Specify project location and type.

Enter a name, locations, and comment for the project

Name: diplomnay_rabota

Location: /homef/ise/ProjectXilinx/diplomnay_rabota

Working Directory: | /home/ise/ProjectXilinx/diplomnay_rabota

Description:

Select the type of top-level source for the project

Top-level source type:

HDL

‘ More Info ‘ Next > Cancel

Pucynok 27 — Yka3zaHue MECTONOJIOKEHUS U HaA3BaHUS ITPOEKTA
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-

P

New Project Wizard x

roject Settings

Specify device and project properties.

Select the device and design flow for the project

Property Name

Evaluation Development Board
Product Category

Family

Device

Package

Speed

Top-Level Source Type

Synthesis Tool

Simulator

Preferred Language

Property Specification in Project File
Manual Compile Order

VHDL Source Analysis Standard

Enable Message Filtering

| More Info

)

Value

[None Specified
| All

| Spartan6

| XC6SLX16

| FTG256

|-2

QOO0 0o o

Lld

| XST (VHDL/Verilog)
| 1ISim (VHDL/Verilog)
| VHDL

| Store all values

LI IR IR ] 3

4

| VHDL-93

(4]

< Back \[ Next > “ Cancel |

Pucynoxk 28 — BeiOop ycTpoiicTBa M CX€MbI IPOEKTUPOBAHUSA JIJIsl IPOEKTA

-

New Project Wizard X

Project Summary
Project Navigator will create a new project with the following specifications.

Project:
Project Name: diplomnay_rabota
Project Path: /home/ise/ProjectXilinx/diplomnay_rabota
Working Directory: /home/ise/ProjectXilinx/diplomnay_rabota
Description:
Top Level Source Type: HDL

Device:
Device Family: Spartan6
Device: xc6s1x16
Package: ftg256
Speed: -2

Top-Level Source Type: HDL

Synthesis Tool: XST (VHDL/Verilog)

Simulator: ISim (VHDL/Verilog)

Preferred Language: VHDL

Property Specification in Project File: Store all values
Manual Compile Order: false

VHDL Source Analysis Standard: VHDL-93

Message Filtering: disabled

‘VMore Info‘ < Back [ Finish l Cancel

Pucynok 29 — Kpatkoe onncaHue nmpoekra
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@Applications Places System

ISE Project Navigator (P.20131013) - /home/ise/ProjectXilinx/diplomnay_rabota/diplomnay_rabota.xise
File Edit View Project Source Process Tools Window Layout Help
DB EHY LiXx0DXx v p e 2R Blims o ieRisE L9
Design ®0@®
View® 1§ Implementat ) 8 Simulat

[E

& Erarchy =t
) ] diplomnay_rabota

G| = £3 xc6sIx16-2ftg256

a

Empty View
=

o

The view currently contains
EJ no files. You can add files to

the project using the toolbar
= at left, commands from the
Project menu, and by using
the Desian, files, and
Libraries panels.

m Use:

* New Source: To create
a new source file.

+ Add Source: To add an
existing file to the
project.

+ Add Copy of Source:
To copy an existing file
to the project directory
and add it to the
project.

52

€2 No Processes Running

No single design module is selectec
# %  Design Utilities

By

&

=

Pucynok 30 — I'0TOBBII TPOEKT

Tax xe mst obecrieuenust cBszu Mexay [IK u oTnagounoii mmatoit Tpedyercs
YCTAaHOBKA COOTBETCTBYIOIIUX JpaiBepoB. HeoOX0MMMO yCTaHOBUTH JIBa OCHOBHBIX
npaiiBepa: npaiiBep s paboret COM-mopta u npaiiep kabens JTAG. IlogpoOHas

YCTaHOBKA JAHHBIX KOMIIOHEHTOB IIPEJICTABICHBI HA pUCyHKax 31 — 39.

Mactep yctaHOBKW ApaliBepoB yCTPOACTE

R Macrep yCTaHOBKM [1paiiBepoB
\? YCTPOHCTB

3T0T MacTep NOMOXET YCTaHOBUTL ApaNBEPbI,
HeoBxoamble Ans paboTbl HEKOTOPbLIX YCTPOMCTS.

[na npoaonxexns HaxmuTe kHonky “[anee".

< Hasan Nanee > Otmvena

Pucynok 31 — HauansHO€ OKHO MacTepa ycTaHOBKU ApaiiBepa jisi COM-nopta
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3aBeplueHHue MacTepa YCTaHOBKH
npaWBepoB YCTPOMCTB

[paisepbl ycnewHo yCTaHoBNEHb! Ha 3TOT KOMMLIOTED.

Tenepb MOXHO NOAKMIOYNATL BalLE YCTPOACTBO K 3TOMY
KomnstoTepy. Ecnn k ycTpoicTey npunaraeTcs AoKyMeHTaLMRA,
MPefsapuTENbHO 03HaKOMBTECH C Hel

Wms ppaitsepa CocTosHue

\/ Silicon Laboratories Inc. ... loToB K 3kcnnyaTawm

loToso Omvena

Pucynok 32 — YBenomMieHue o 3aBeplieHur yCTaHOBKU ApaiiBepa miist COM-nopra

Welcome to the Digilent
ChipScopePlugin Setup Wizard

DIGILENT This wizard will guide you through the installation of Digilent
—_— ChipScopePlugin.
— D E P T Itis recommended that you dose all other applications

before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,

Click Next to continue.

/APIGILENT®

Next > Cancel

Pucynoxk 33 — OxkHO IpUBETCTBUA MacTepa yCTaHOBKH jpaiiBepa kabdens JTAG

Please review the license terms before installing Digilent
ChipScopePlugin.

Press Page Down to see the rest of the agreement.

SOFTWARE LICENSE AGREEMENT BETWEEN YOU, THE CUSTOMER /PURCHASER, AND
DIGILENT, INC.

PLEASE READ THIS CAREFULLY. IT IS AN AGREEMENT. UPON INSTALLATION AND USE
YOU ARE AGREEING WITH DIGILENT, INC. TO ALL THE TERMS AND CONDITIONS.

1. This software license agreement is a legal contract and agreement between
YOU as an individual, regardless of your status with any educational or business entity,
and the Washington Corporation known as Digilent, Inc. TM.  If you are acting on behalf
of an organized educational entity, this software license agreement is also a legal

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install Digilent ChipScopePlugin.

< Back 1 Agree Cancel

Pucynok 34 — IIpunsitie ycaoBuil JIMIIEH3UOHHOTO COTJIAIIEHUS
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Choose which features of Digilent ChipScopePlugin you want to
install.

Check the components you want to install and uncheck the components you don't want to
install. Click Next to continue.

Select components to install: #- - Required

Adept Runtime (install 2.13.1)
Digilent CsePlugin (install 2.4.4)

Space required: 33.1MB

< Back Next > Cancel

Pucynoxk 35 — Be160p KOMIIOHEHTOB JIJIs1 YCTaHOBKHU

Shortcut options
Choose for which users you want to create shortcuts.

Select whether you want to create shortcuts for yourself only or for all users of this
computer, Click Next to continue.

Create Shortcuts
O For anyone using this computer

O ust for me

Create Quick Launch shortcuts?

< Back Next > Cancel

Pucynox 36 — HacTtpotika ObICTpOTO J0CTYyTIa

A Digilent ChipScopePlugin Setur
Choose Install Location
Choose the folder in which to install Digilent Software.

Setup will install Digilent Software in the following folder. To install in a different folder, dick
Browse and select another folder. Click Next to continue.

Destination folder

C:\Program Files (x86)\Digilent Browse...

Space required: 33.1MB
Space available: 83.1GB

< Back Install Cancel

PucyHnok 37 — Yka3anue myTu AJi1 yCTaHOBKU
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& Digilent ChipScopePlugin Setup =

Installation Complete
Setup was completed successfully.

Completed

Show details

Bach Next > Cance
Pucynok 38 — YBenomieHne 0 3aBEpIIeHUN yCTaHOBKHU

A

Completing the Digilent
ChipScopePlugin Setup Wizard

DIGILENT Your computer must be restarted in order to complete the
installation of Digilent ChipScopePlugin. Do you want to

ADEPT [

© Reboot now

(O 1 want to manually reboot later

/\DIGILENT

Finish
Pucynox 39 — 3aBepuienue paboThl MacTepa yCTaHOBKHM U BbIOOp nepesarpy3ku [TK

2.3.2 YcranoBka u HacTpoiika Visual Studio 2022

Jlns1 Havasia ycTaHOBKM HEOOX0IMMO cKauyaTh ycTaHoBIIMK Visual Studio Installer
¢ opunmansHOTO caita. Beidop Obu1 cienan B monb3y Visual Studio 2022, Tak kak HOBas
Bepcust Visual Studio 2026 BbIUIa OTHOCUTEIBHO HENABHO U MOXKET OBITH HE

crabuibpHa. [TogpoOHbIH MTpoIecC yCTaHOBKH IIPEACTaBeH Ha pucyHkax 40 — 43.

JIuct
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Paboune Harpysku

Waer ycranoska — Visual Studio Community 2022 — 17.13.2

OTAeNbHbIE KOMMOHEHTbI fA3bIKOBbIE NaKeTbl Pacnonoxenus YCTaHOBKU

@ Hyxna nomouts ¢ euib: ans caepenun

Beb-paspabotka 1 obnako (4)

@ ASP.NET u paspaboTka Be6-npunoxeHuii A Pazpabortka ans Azure
Cospanue seb € uct ASP.NET Maxkets SDK Azure, cpeactsa u npoekThi Ana paspaborku
Core, ASP.NET, HTML/JavaScript u KoHTe#HepoB, BKAOY...

P Paspa6orka Ha Python Paspaborka Node js

., OTNAAKA, UHT C Mac cetesble
cncTema ynpasnenns sepcuamu ana Python. o Node.js, HOW Cpeab!

Knaccuueckue u MobuneHele npunoxenus (5)

“ Paspaborka ¢ nomowsto .NET Multi-Platform App Ul p i NET
Cozpasaiite npunoxexua Android, i0S, Windows u Mac Cozpanve npunoxenuiit WPF, Windows Forms u
13 obuieii 6assl koaa Ha szkike C# ¢ nomowsio NET MA...

Pacnonoxenue
C:A\Program Files\Microsoft Visual Studio\2022\Community Wamenuts..

poaoAXan, Bbl NPUHAMAETE YCAOBUSA AMLEHIUK ANA BbINycKa M Takxe Tb CKauaTh Apyroe
nporpammHoe obecnedenne. OHO MMUEHIMPYETCA OTABNLHO, KaK YKA3aHO B YBEAOMAICHUSX TDETLUX CTOPOH UM CONYTCTBYIOULeN NLEH3MA.
Mpoaonxas, Bul TAKKe NPUHUMAETE YCNOBUA STUX NULIEH3UIA.

0BNauHLIX NPUNOXKEHUI 1 CO3AHMA PECYPCOB C UCNOb...

KOHCOANbHBIX NPUAOXKeHMIA ¢ ucnonbsosaHmem C#, Visual...

CBepieHus 06 ycTaHOBKe

~ OcHogHoWi peaakTop Visual Studio

Wnrepdeiic obonouky aapa Visual Studio, ekaiouan
PeAaKTMPOBaHHeE KOA C YUETOM CHHTaKCMCa,
YNpaB/eHme NCXOAHSIM KOAOM 1 paBounmm
3nemMeHTaMu.

YAanuT, HeNOAAEPXMBAEMbIE KOMIMOHEHTb!

Obuwee Heobxoaumoe npocTpakcteo 1,35 M6

YCTaHOBKa NPYH CKaUMBaHAN ~ YcramosuTs

Pucynok 40 — HauanbHOE OKHO yCTaHOBLIUKA

Waer ycranoska — Visual Studio Community 2022 — 17.13.2

Pabouve Harpysku OTaeNbHbIE KOMMOHEHTbI fA3bikoBble NakeTk! Pacnonoxenus ycTaHoBKU

@ HyxHa nomous ¢ BEIGOPOM KOMMOHEHTOB AN7 yCTaHOBKM? [lONONHUTEbHEIE CBeAeHUA

Knaccuueckune u MobunbHblie npunoxenus (5)

KAaccuuecknx NET
Co3panve npunoxenuit WPF, Windows Forms u

“ Paspaborka ¢ nomowsto .NET Multi-Platform App Ul
Cospasaiite npunoxenus Android, iOS, Windows u Mac
13 obuelt 6asel koaa Ha aseike C# ¢ nomowsio .NET MA...

Pa3paboTka KAaCccUUECKMX NPUAOXKEHMIA Ha C++
[« i C++ ana
Windows ¢ ucnonbzosaHuem atobsix yA0BHLIX HCTPYME. ..

@ Pa3spabotka npunoxenuii WinUl
C Anst Windows,
ucnonbaya WinUl ¢ C¥ uaun, npu Heobxoanmoct, C++.

"L:] 6 Ha asbike C++
. G Kpocc: (] T Ans

i0S, Android uau Windows Ha szsike C++.

Pacnonoxenue
C:\Program Files\Microsoft Visual Studio\2022\Community W3amenuTs...

n Bbl Te yCNoBus ans 0 BbINyCKa NPoAyKTa. Mbl Takoke NpeanaraeM BO3MOXHOCTb CKauaTk Apyroe
nporpammHoe obecriederue. OHO IMUEHINPYETCA OTARNLHO, KaK YKa3aHO B YBEAOM/ICHUAX TDETLUX CTODOH MAM COMYTCTBYIOWER NMLIEH3NK,
MNpoaonxas, Bbl TAKKE NPUHUMAETE YCNOBUA 3TUX MMLIEHINA.

KOHCO/IbHBIX NPUACXKeEHMI ¢ ncnonszosanmem C#, Visual...

CBezieHunA 06 ycTaHOBKe

~ PaspaboTka Knaccuyeckux Npuoxe...
v BratoueHo
' ba3oBbie KOMMOHEHTLI ANA KNACCUYECKUX...
~ [lononHutensHo
MSVC sepcuu 143 — VS 2022 C+ + x64/x...
ATL-6ubavotexa C++ ana HoBeiiweii sep...
C++ Build Insights
JIT-otnanumk
Cpeacrsa npoduamposanma C++
Cpencrea CMake C++ ans Windows
Aaanrep Tectos Ana Boost.Test
Anantep TecToe ana Google Test
Live Share
IntelliCode
C++ AddressSanitizer
Maket SDK ans Windows 11 (10.0.22621.0)

Jvcnierep naxeros vepkg

[CHCHCH NN N R BB H<N<]<]

YAanuTh HENOAAEPXUBAEMbIE KOMMOHEHTHI

O6uiee Heobxoanmoe npoctparcreo 10,51 T6

YcraHoBKa NpY CKa4UBaHM ~ YcraHoBWTs

Pucynok 41 — Be10Op KOMITIOHEHTOB JIJIs1 YCTAaHOBKH
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Waer ycranoska — Visual Studio Community 2022 — 17.13.2

Pabouve Harpysku  OTaenbHbIE KOMMOHEHTLI

Npoayxr {8

C:\Program Files\Microsoft Visual Studio\2022\Community

Kow 3arpyskn ©
CAProgramData\Microsoft\VisualStudio\Packages

CoXpaHuTh K3L 3arpy3Ku NOCAe YCTaHOBKI

O6live KOMTMOHEHT, MHCTPYMeHTHI 1 MakeTsl SDK @

C:\Program Files (x86)\Microsoft Visual Studio\Shared

f3bIKOBbIE NakeTbl

Pacnonoxenusa YCTaHOBKW

Kot cucTemi, MHCTpyMenTs 1 nakeThl SDK ¢ UKCHPOBAHHLIMN PACTIONOXKEHUAMM

PacnonoxeHve
C\Program Files\Microsoft Visual Studio\2022\Community

n , Bbl

YCNOBMA IUUEHINN ANA BLIOPaHHOrO BLINYCKa NPOAYKTa. Mbl Takke npeanaraem BO3MOXHOCTL CKa4aTh Apyroe

NpOrpaMMIoe obecrieueHMe. OHO MMLIEHIUPYETC OTARTHHO, KaK YKaIaHO B YBE/IOMNSHIAX TRETLUX CTODOH WA CONYTCTRYIOUIEH AMUeH3MK.

MpoaoAXas, Bbl TAKKE NPUHUMAETE YCAOBUA ITUX NALIEH3NNA.

CBesieHunsa 06 yctaHOBKe

» PazpaGorKa Knaccnyecknx npuioxe...
¥ Braoueno
+  bazoBble KOMMOHEHTBI ANIA KNACCUYECKMX...
v [lononnutensHo
MSVC sepcuu 143 — VS 2022 C++ x64/x..
ATL-6ubamnotexa C++ ana Hoeeliweii sep...
C++ Build Insights
JiT-ornapunk
Cpeactsa npodanposariua C+ +
Cpeacrsa CMake C++ ans Windows
Asanep Tectos Ana Boost Test
Asanrep Tecros gna Google Test
Live Share
IntelliCode
C++ AddressSanitizer
Maxer SDK ans Windows 11 (10.0.22621.0)

Ancnerdep naxeros vepkg

YaanuTb HenoaaepXuBaemsie KOMMOHEHTb!

Oiee Heobxoanmoe npoctparicreo 10,51 6

YcranosKa npy ckauvganun ~ YcTaHosuTs

Pucynok 42 — Bb100op pacnosiokeHus sl yCTaHOBKH

Visual Studio Installer

YcTaHoBNEHHbIe NPOAYKTbl  JOoCTynHO

Bce ycraHoBKyM 06HOBAEHBI

*’j Visual Studio Community 2022
17.132

3aMeTku o Bhinycke

Wamenuts
3anycrute

NlononkuTensHo ¥

HoBoctn ans paspabotumnkos

Take full control of your floating windows in Visual
Studio

Make Visual Studio floating windows work perfec...

7 anpens 2026

Bookmark Studio: evolving book in Visual

Studio
Bookmarks in Visual Studio have always been a si

1 anpens 2026 .

Visual Studio March Update ~ Build Your Own
Custom Agents

This months Visual Studio update gives you new...

31 mapra 2026 1

[pyrue Horocty ans Maiikpoco...

HysHa nomows? MposepsTe Microsoft
Developer Community uan ceaxutecs ¢ Hamu,
oBparvsumcs s Visual Studio Support

Pucynok 43 — 3aBepiiieHue yCTaHOBKH

[Tocne 3aBepmenust ycranoBku Visual Studio 2022 wHeoOxommmo mepedTH K

CO3JaHUI0 W HacTpoiike mpoekrta. [[ns obOecrieueHus: pabOThl ¢ JAaHHBIMH B IIPOEKTE

ucnonsizyercsi BerpauBaemas CYBJl SQLite. Ilockonbky cTanmapTHble OMOIMOTEKH

Visual Studio He BKIIIOYArOT cpeacTBa i padoThl ¢ AaHHOUM B, HE0OX01MMO cKayaTh

Wsm.

Jluct Ne nokym. TToxamuce

Jlata
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ucxoansie (aitnmer SQLite ¢ opunmansHoro caiita. [lompoOnasi HacTpoiika

NpecTaBiIeHa Ha pucyHkax 44 — 51.

Visual Studio 2022

OTKpbITb MOCNAEAHVE Hauano pa6orbl

Mpwu ucnonsbzoeanum Visual Studio Bce oTkphIBaeMble NPOEKTSI, Nanku U gaiinbl ByayT NnosensTeCA 3ech \L

ana beicTporo aocryna. — KnonunposaHue penosutopus

Monyumts KOA U3 MHTEPHET-Peno3uTopus,
Bbl MoxeTe 3akpenuTh 1060 YacTo ucnonb3yemolii 06bexT, M OH Beeraa byaer otobpaxaTsca B BepxHeit Hanpumep, GitHub wim Azure DevOps
HacTv cnmcka

OTKpbITb MPOEKT UK peLleHue

OTKpbITL TOKansHLIA NpoekT Visual Studio um
SLN-gaiin

OTKpbITb IOKaNbHYO Nanky

MepeiiTyt 1 U3MeHUTL KoA B Nt0bOIA nanke

Coap,aane npoekTa

Buibepute wabnox npoekra ¢ popmupoBaHuem
wabnoHos koaa, 4Tobbl Havath paboty

Pucynok 44 — HauansHoe okHo Visual Studio 2022

Co3gaHue npoekTa

Mowck wabnoros (ALT+

MocneaHue WwWabaoHbI NPOEKTOB Bce A3biku Bce naar$opMel Bce TUNbI NPOEKTOB

3peck 0TODPA3UTCA CNMCOK HEAaBHO MCNONL3OBAHHBIX -t

wabnoHos. B

Mycroi npoekr

Hauarte ¢ Hyns, ucnonesys C++ ana Windows. HauansHeie paiinbl otcyTcreyior,
Ce+ Windows Komcons

KoHcobHoe npunoxenye

BbinonHuTs koA B TepmuHane Windows. Mo ymonuaHuio Beisoautca dpasa "Hello
World".

C++ Windows Komcons

Mpoekt CMake

Co3pasaiite coBpeMeHHble KpoccnaathopmeHHble npunoxenus C++, He 3aBucalLme
ot ¢aitnos SLN uan VCXPROJ.

C++ Windows Linux Kowncons

Macrep knaccuueckux npunoxenuii Windows

Co3panue cobcrBenHoro npunoxenus Windows ¢ noMolLbio Macrepa.

C++ Windows Pabouwii cron KoHcons bubauoreka

Knaccuueckoe npunoxenune Windows

MpoeKT NpUAOXKeHMs ¢ rpaduueckum Htepdericom & Windows.

Ce+ Windows Paboumii cron

Hazaa

Pucynok 45 — Be16op mabaoHa a1 mpoeKTa
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HacTtpoutb HOBbIV NpoekT

C++ Windows Kotcons

KoHconbHoe npuaoxeHune

Wmsa npoekta
Diplom_PC

Pacnonoxenue

C\Users\shlik\source\repos

Wmsa pewenns (6)

\i[ lNomecTuTb pelueHre v NPOeKT B OAHOM KaTanore

MNpoexT byaer cosaan B “C:\Users\shlik\source\repos\Diplom_PC\"

Hazan Cozpats

Pucynok 46 — Yka3aHue pacrosoKeHUsl 1 Ha3BaHUs IPOCKTa

Diplom_PC

A -

C6opka  Omanka Tecr Awarms  Cpeacisa  Pacumpenus

* P JloxansHbii oF Kk Windows

Debug ~ x64
Diplom PC.cpp # X ~ #  O6o3apeatent peleHmit
[l Diplom_PC ((n06ansHas 06racTs) ** 8 -5 A@ fl=
1 = B :
—  O6o3pesarens pewesuii — nomok (Ctrl+;)
= Pewenve "Diplom PC" (1 npoexra 1)
4 [7] piplom_PC
b 20 Ceoukn
> BB Brewnue saBucamMocTi
4 B9 Uconnuie paiinst
3 Diplom_PC.cop
B daiin saronosxos

7 daiinu pecypcos

lude <iostream>

main()

std::cout << "Hello World!\n";

Cip:1 Cume:1 | Mpobens  CRLF  OBospesarens pewenmii

© Mpobnems! He HaiiaeHs! 3
T Jlobasurs & cucremy ynpasnesus sepcaamu « T Bubpars penosuropuii ~  Lg

Pucynoxk 47 — Co3naHHBIN IPOEKT
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Diplom_PC

&

(a Cozpate

4 JoxymeHTb!
PR Nz06paxenua
) Mysbika
& Buaeo
CHUMKM 3KpaHa
AunnomHan pabora
CHUMKM 3KpaHa

Mporpamme!

v [ 3101 komnblOTEp
e NloKkanbHbiii auck (C:)
m= [lokansHbii auck (D:)

o USB-Hakonutens (F:)

== USB-Hakonutens (F:)

4 Cens

SnemenTos: 8
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3 Peasiu3anus ¥ TeCTUPOBAHUE CHCTEMbI

3.1 Crpykrypa B/]

Bes unpopmaniisg o mpoBeqEHHBIX M3MEPEHHUSAX COXPAHSETCS B €IUHCTBEHHOU
tabmuie ¢ umeneM SensorLog. Ctpykrypa B/l mo3BosisieT ¢pukcupoBaTh YHCICHHbBIE
nokazareia GU3NYECKUX BEIUYUH U KOHTEKCTHYIO HH(GOPMAIUIO B BUAE MOPSAKOBOTO
HOMEpA 3a1poca U TOYHOTO BPEMEHH €T0 BBITTOJIHEHUS.

[Ipunoxenune B3aumonenctsyer ¢ b/l B pexume peanbHOro BpemeHu. llpu
MOJIyYeHUH U 00paboTKe Kaka0i BauHON cTpoku AaHHbIX oT [IJIMC gopmupyercs
3arpoc Ha JAo0aBieHHe HOBOHM 3amucu. Jlig ontuMmuzanuu paboOThl € AUCKOBOM
MOJACUCTEMOM M TPENOTBpAICHUS OJOKHUPOBOK MpPHU 3alUCU  HCIOJIb3YIOTCA
cnenupuyecKre HACTPOMKHU KypHajla U CHHXPOHHBINA PEKUM padOTBHI.

B tabnuie SensorLog onpeneneHsl cleayonye moJs:

— RequestNum — cTpokoBoe mojie Il XpaHEHUs MOPSAKOBOrO HOMEpA
U3MEpPEHHUS;

— DateTime — BpemeHHass MeTKa Uil (PUKCAlMU AAaThl U BPEMEHH IOJTYYEHUs
JAHHBIX;

— Temperature(C) — yncaoBoe NoJie IJs1 XpaHEHUsI 3HAUEHUS TEMIIEPATYPHI;

— Pressure(Pa) — uncnoBoe nosie A XpaHeHUs 3HaYEHUsI TaBJICHUS;

— Humidity(%) — unuciioBoe mose A XpaHEeHUs 3Ha4YEHUsI BJIaXKHOCTH.

['paduueckoe mpencraBieHue CTpyKTypbl ucnoiabdyeMoit b/l nmpencraBieHo Ha

pUcCyHKe 52.

SensorLog
+ RequestNum
+ DateTime
+ Temperature(C)
+ Pressure(Pa)
+ Humidity

Pucynok 52 — Ctpykrypa B/|
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3.2 Onucanue annmapaTHOM 4acTH

AnmapartHas 4acTh IpeacTaBisieT cteHn, cocrosimuii u3 I1K, paspaboranHoii u
W3TOTOBJICHHOM MakeTHOM 1iathl, mokymHoM mmiatel ALINX AX309 u paTumkoB
AHT21 u BMP180. Dnextpruueckasi cxeMa CTeH/1a PeJICTaBeHa B MPUIoKeHuu b.1.

OcHoBOM KoOMILIEKca sBaseTcs oTiaagouyHas mata AX309. Jlns BbeIBoAa
nepudepuitHbIX CUTHAJIOB HA IJIaTe MPEAYCMOTPEHBI pa3bEMbI paciiupeHus. B pamkax
naHHoro mpoekta wucnosb3dyerca coeauHutTenb «EXPANSION PORT J2». Casasb
ornamounoit tiarel ¢ IIK g1 oOMeHa JaHHBIMM M TOJYYEHHUS DJICKTPOINUTAHUS
ocyliecTBisieTcss ¢ nomouplo kadens USB, moakimtou€HHOro K BCTPOEHHOMY MOCTY
USB-UART [3.4].

Jnst  KOMMyTaluu — JAaTYMKOB  pa3pabOoTaHa ¢ M3TOTOBJIEHA  MakeTHas

COEAMHUTENbHA IUIaTa. BHEIIHNI BUA MAKETHOM IUIATHI IIPEJCTABIICH HA PUCYHKE 53.
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Pucynoxk 53 — BHenmHuil BU1 MaKeTHOM TLJIAThI

JI1st KoMMyTalMy MakeTHOM IJ1aThl ¢ 0TiIao4yHoi maTto AX309 ucnosb3yercs
coequnutTens BH-40, k koTopomy nojkiatodaeTcs miockuit kadbenb. Co CTOpOHBI MOpTa
paciMpeHus 3aeicTBOBaHbl KOHTaKThI 33, 35, 37 u 39 coequnuteneit BH [4].

B3aumopelicTBUue ¢ JaTdyMKamMu pearn3oBaHO depe3 po3etku PBS-4. Takoe
KOHCTPYKTHBHOE PEIICHUE TMOBBIIMIAET PEMOHTOINPUTOJAHOCTh CUCTEMBI M TO3BOJISET

JICTKO 3aMCHATDH JaTYNKHU IIPU HGO6XOI[I/IMOCTI/I HU3MCHCHMUA KOH(l)I/IpraI_II/II/I HJIK B CJIy4dac
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BBIXO/Ia UX U3 CTPOS.

Ha MakeTHoO# m1aTe CMOHTHPOBAHBI IIENTU TUTAHUS U CBETOMOIHBIA HHIUKATOP,
obecrieyMBaONIMN WHIWKAIIMIO ToJauu mnuTaHud. Jnga QunbpTpamuum moMex u
CTaOMIM3AllMU HANpPSKEHUS] MUTAHUA B CXEMY HWHTETPUPOBAH DIICKTPOJIUTHUUECKUN
dbunpTpyromuii KoHjaeHcatop. CoeauHEHUs] BBITIOIHEHBI MOHTaKHBIM TIPOBOJIOM

MI'T®-0,5 metonom naiiku. Bua co cTOpOHBI MOHTaKa MPEICTABIICH Ha pUCYHKE 54.

OO @]
DOODOODODDODON
DOOODODOODOOD N
DOOOO000DO0O0C»DO®ENw @
DODOODOO0DODODOPPO @&
DODOOODOODOOODOOO0O0009®

Pucynok 54 — Bux co CTOpOHBI MOHTaXxa
3.3 Pazpadorka 11O nas IIJIMC

[IO mna IIVIMC pazpaborano Ha s3bike ommcanus amnmapaTtypel VHDL ¢
MIPUMEHEHUEM CTPYKTYPHOTO HUCXOASIIETO MoAxXoja. [JaBHBIM HepapXHUUeCKUM
AJIEMEHTOM MPOEKTa BBICTYNAET MOAYJIb BEPXHETO YPOBHS, KOTOPBIA BBIITOJHSET
bynkmio o0benuHEeHUs 0a30BBIX  (DYHKIIMOHAIBHBIX TOJCHUCTEM B  CAHHYIO
BBIYMCIUTENBbHYIO CTPYKTYpy M 3anaér BHewmHud uHtepdeiic cpsazu [UJIMC c
anmapaTHou nepudepueii.

B 65oke onucaHus CyIIHOCTH MOAYJISI BEPXHETO YPOBHS 3a/1al0Tcs TN100aIbHbIe
[MapaMETPUYECKUE  KOHCTAHThI, OMNPEACHSAIOIINE BPEMEHHBIE  XapaKTEPUCTUKU
pa3pabaTbiBaeMON CHCTEMBI: YAaCTOTY OCHOBHOI'O TaKTOBOT'O IeHepaTopa, paBHyIo 50
MTI 11, ckopocTs nepenaun nanubix mo uaTepdeiicy UART, ycTaHOBIIEHHYIO HA YPOBHE

115200 601, u pabouyro yactory muHbl [2C, paBuyto 400 kI'11. Takxke B 1aHHOM OJI0Ke
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onpenensitorcs nopthl BBoJa-BbiBosia [TJIMC. K HUM OTHOCSTCS CHUCTEMHBIE JUHUU
TaKTUPOBAHUS W armapaTHoro cOpoca, JUHUU ACHHXPOHHOTO MNpUEMOINepenaTuHKa,
KOHTAKThl JABYHarpaBieHHOW muHbI [2C 1is CBSI3M C HaTYMKaMH, a TAKKE BBIBOJIBI
uHTep(deiica UIsI MHTETpallid C MOJAYJIEM uYacoB peanbHoro Bpemenu DS1302.
@®parMeHT KoJia, OMUCHIBAIOIUN UHTEphENC MOYJII BEPXHErO YPOBHS, MPEACTABICH

HHIKE.

entity top is

generic (
CLK FREQ : integer := 50 000 000;
BAUD RATE : integer := 115 200;
I2C RATE : integer := 400 000;
USE PARITY : boolean := false;
EVEN PARITY : boolean := false

)

port (
clk : in std logic;

button rst : in std logic;

rx serial : in std logic;

tx serial : out std logic;

scl : inout std logic;
sda : inout std logic;
rtc_sclk : out std logic;
rtc_ce : out std logic;
rtc io : inout std logic

) ;
end top;

BHYTpeHHSISI apXUTEKTypa MOJIYJS BEPXHErO YPOBHS HE COJCPKHUT CIIOKHOM
MOBEJICHUYECKON JIOTHKH OOpabOTKU NAHHBIX, BBICTYIMAs MPEUMYIIECTBEHHO B POJIH
CTPYKTYPHO#H 000J104KH. ENMWHCTBEHHBIM (DYHKIIMOHAIBHBIM MPOIECCOM Ha JaHHOM
YPOBHE SIBIISICTCS aNllapaTHOE 3alENKMBAHNE W WHBEPTUPOBAHHME CHTHANIA C KHOIIKH
TUTATBL. DTO HEOOXOIUMO ISl YCTPaHEHHSI BO3MOKHOTO METACTAOMIBHOTO COCTOSIHUS U
GopMupoBaHHs HAAEKHOTO CHHXPOHHOTO CHTHajla TJI00aIbHOTO cOpoca Juisi BceX
nocieAyomux noacucreM. @parMeHT Koja, pealu3yromuid 6e30macHyo o0paboTKy

CUrHajia almmapaTHoro C6pOCEl, MMPCACTAaBJICH HHUXKC.

button reset proc : process (clk)
begin
if rising edge (clk) then

JIuct
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button rstl <= button rst;
rst <= not button rstl;
end 1if;
end process button reset proc;

OCHOBHOE TE€NO APXUTEKTYpPhl MPEACTABISET COOOW HWHULMAIU3ALNIO U
CBsA3BIBaHUE MEX Ty co0oit Moayis cBs3u ¢ [IK o untepdericy UART u neHTpaibHOTO
MOJIyJIsl YIPABJICHHUSI KOMIUIEKCOM. JlaHHBIE MOACUCTEMBI COCIUHSIOTCS MOCPEACTBOM
BHYTPEHHUX IITWH JAHHBIX IIMPUHON B OJIMH OANT M YIIPaBISIOMIUX (PJIaroB COCTOSTHHUM.

Jnst  opraHuzanuu  HaAEKHOTO JBYCTOPOHHETO OOMEHA JaHHBIMU MEXKIY
annapatHeiM koMmiiekcoM W IIK Obu1 pa3paboran monyns UART. Ha pganHom
UEPAPXUYECKOM dTare MporpaMMHas peau3aius MpeACcTaBiIsieT coO00i CTPYKTYPHBIM
MOJTyJIb-000JIOUKY, UHKAIICYJIUPYIONIYI0 B c€0€ HE3aBUCUMBIC MOJICUCTEMBI pUEMA U
nepenayu nHGopManuu. J{aHHbIA MOTYJIb MPEIOCTABIISECT LICHTPAIBHOMY KOHTPOJUIEPY
€IVHBINA CTaHAAPTU3UPOBAHHBIN UHTEpGENC sl paboThl ¢ TOCIE0BATEIBHON JIMHUEH
CBSI3H.

[TapameTpuzaniys mpuéMornepeaTInKa OCYIEeCTBISICTCS yepe3 0JIOK 0000ITIeHUH],
YTO MO3BOJISIET TMOKO HACTPauBaTh CUCTEMHYIO TAKTOBYIO YACTOTY, CKOPOCTh TIEpeiaun
JIAaHHBIX B 00/1aX, a TAaK)Ke HaJIW4Me Y THI OMTa YETHOCTH O0€3 BMEIIAaTEILCTBA B 0a30BBIN
KOJI KOHEUHBIX aBTOMAaTOB. JTHU KOH(MUTYpaIlMOHHBIC TMapamMeTpbl MPUHUMAIOTCS OT
MOJTyJIsl BEpXHETO YPOBHS U TPAHCIUPYIOTCS HUKE M0 UEPAPXUU MTPU WHUILMATU3ALAN
BHYTPEHHHX KOMIOHEHTOB. DparMeHT KOJa, OMUCHIBAIOIIMN BHEIIHUA HHTEpdeiic

ooweunstomero moayiisi UART, npencraBieH HUXKeE.

entity uart is

generic (
CLK FREQ : integer;
BAUD RATE : integer;
USE PARITY : boolean;

EVEN PARITY : boolean
) 7

port (
clk : in std logic;
rst : in std logic;
rx serial : in std logic;
tx serial : out std logic;
rx data : out std logic vector (7 downto 0);
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rx_done : out std logic;

tx start : in std logic;
tx data : in std logic vector (7 downto 0);
tx busy : out std logic

) ;

end uart;

BHyTpeHHs1 apXUTEKTypa OMHCHIBAEMOTO MOJYJISI HE COJAEPKUT COOCTBEHHOU
noBeneHYecko Jioruku. EE OCHOBHas 3agaya — CTPYKTypHOE OOBSBICHHE U
KOMMYyTanus nNpuéMHUKa U TiepenaTunka. Ou3ndeckue oqHOOUTHBIC IMHUU MpUEMa U
nepenadyn Hanpsimyro BbiBoAsTcst Ha noptel [IJIMC, a BHyTpeHHMIT 00MEH ¢ MOJlysieM
yHOpaBJICHUS MPOUCXOAUT [0 MapajuieIbHbIM BOCBMUOWUTHBIM IIIMHAM JaHHBIX C
HCIIOJIb30BAaHUEM aIMIApaTHBIX (JIaroB crapTa, TOTOBHOCTH MPHUHITOrOo OailTa H
3aHATOCTH JIMHUU.

BHyTpeHHSs1 apXUTEKTypa MOJACUCTEMbI IPUEMHHKA Oa3UPYETCsl HA CHHXPOHHOM
KOHEYHOM aBTOMaTe, OO0EClEeYMBAIOIIEM HaAEKHOE U3BJICUECHHE JIAaHHBIX W3
ACMHXPOHHOTO IOCJIEI0BATEIBHOIO MOTOKA. JlJI1 MOBBIIEHUS ITOMEXOYCTONYMBOCTH
uHTepdeiica anropuT™M OCYILECTBISET BHIOOPKY 3HAUEHUS JJOTUYECKOTO YPOBHSI JIMHUU
CTpOTO B cepeauHe OUTOBOro MHTepBaia. TpebOyeMas BpeMEHHas 3aepikKa
(dopmupyeTcs 3a CYET UCIOJIB30BAHUSI BHYTPEHHETO CUETUMKA, NPEIEIbHOE 3HAUCHHUE
KOTOPOT'O BBIUMCISETCS allapaTHO HA 3Tane KOMIWISUUMU KaK OTHOIIEHHE TaKTOBOM
4aCTOTHI T€HEPATOPa K 3aJaHHOW CKOPOCTH IEpEIauH.

Koneunblll aBTOMAT NPUEMHUKA COCTOUT U3 MATH COCTOSHUN: OKUIAHUE, TPUEM
cTapT-0uTa, YTeHHUE JAHHBIX, TPOBEpKa OUTa YETHOCTH U Banmuaanus cron-outa. [locie
OoOHapyXeHHs CIaja HaNpsHKeHWs] Ha JMHUM U TOATBEP)KICHHUS €ro CTaOMIbHOCTH,
MOJYJIb TMOCIEAOBATEIbHO CUMTHIBAET BOCEMb OUT HMH(POPMALIMOHHON HArpy3Kd B
MIPOMEXYTOUHBIN cABUTOBBIN peructp. [Ipu akTuBanuu QyHKIUN KOHTPOJII YETHOCTU
aBTOMAT BBIUUCISAECT KOHTPOJBHYIO CYMMY MPUHATOIO MAaKeTa C MCIOJIb30BAHUEM
BCTPOCHHOU (pyHKIIMHU XOr_reduce u cBepseT e€ ¢ MPUHATHIM OUTOM YETHOCTH. B ciyuae
YCHEIIHON BalUJAUU CTOI-OMTa BHICOKOTO YPOBHSI MOIYJb (DOPMHUPYET OAMHOUYHBIN
CUHXPOHHBIN UMIyJIbC rX_done, CUTHAIU3UPYIOLUI 0 TOTOBHOCTH NMPUHATOrO OaiiTa Ha

BBIXOJHON mMapaienbHON muHe. dparMeHT Koja, peaiau3yroliuid JOTHKY BBIOOPKH
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cTapT-OMTa M Havayia npuéma JaHHBIX, IPEACTABIICH HIXKE.

when START =>
if baud cnt = SAMPLE TIME - 1 then
baud cnt <= 0;
if rx serial = '0' then
bit idx <= 0;
state <= DATA;
shift reg <= (others => '0"');

else
state <= IDLE;
end if;
else
baud cnt <= baud cnt + 1;
end if;

Jloruka paboThl NOJCUCTEMBI MepeAaTyuka IOCTPOEHA Ha AaHAJIOTHUYHOM
CUHXPOHHOM KOHEYHOM aBTOMare, OOECIEYMBAIOIIEM HE3aBUCUMYIO OTIIPABKY
uHpopMalMu B IMOCIeoBaTeNpHyl0 JuHHUIO. [Ipouecc mnepenaun MHULMHUPYETCA
MOJIyJIEM BEPXHEr0 YpOBHs IIyTEM BBICTABIICHUS YIIPABIAIOLIECIO UMITyJibCca tx start u
noaaun Oaiita naHHbIX Ha mUHY tx data. IIpu oOHapy>kKeHUH CTapTOBOIO MMITyJbCa
aBTOMAT HE3aMEJUINTEIbHO BBIUMCIISIET 3HaU€HUE OUTa YETHOCTH C TIOMOIIIbIO (PYHKIIMU
xor_reduce, BbICTABIISIET (Pyiar 3aHSITOCTH JIsl PEIOTBpaIlleHUs riepe3anucu oydepa u
HNEePEeXOUT K TeHepalu OUTOBOM MOCIe10BATEIbHOCTH.

AJNTOpPUTM NOCHIENOBATENBHO (POPMUPYET HA BBIXOAHOW JUHUM tx_serial ctapr-
OUT HU3KOTO JIOTUYECKOTO YPOBHSA, BOCEMb OHUT HWH(POPMALMOHHOW HArpys3KH,
ONMLIMOHAJIBHBIM OUT UYETHOCTM W 3aBEPLUAIOLINI CTOM-OMT BBICOKOIO YPOBHSL.
JUTUTENTbHOCTh YJEpKaHHUsT KaXJ0ro OMTa HA JMHUU KOHTPOJIUPYETCS BHYTPEHHHUM
CYETUMKOM, JIMMUT KOTOPOIO PAaCCUUTHIBAETCS HMCXOAS W3 3aJaHHBIX IapaMETPOB
TAaKTOBOM YaCTOTHI M CKOPOCTH niepeayu. 110 3aBeprieHnn oTcuéra JIMTEIbHOCTH CTOII-
OuTa (pyar 3aHATOCTH CHUMAETCS, U aBTOMAT BO3BPAILAETCS B COCTOSHHME OXKHJIAHUS
cienyromen koMaHabsl. OparMeHT KoJa, Peallu3yIOlIMM JIOTUKY Iepexoja aBToMara

nepeaaTurnka 3 COCTOAHUA OXXKUAAHUA B PCXKUM IICPCaavun, IPCACTABICH HHUXC.

when IDLE =>
tx serial <= '1l";
tx busy <= '0';
parity bit <= '0';
if tx start = 'l' then
p := xor reduce(tx data);

JIuct
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if EVEN PARITY then
parity bit <= p;
else
parity bit <= not p;
end if;
baud cnt <= 0;
bit idx <= 0;
tx busy <= '1';
state <= START;

end if;

Jlormueckum mpoAOJKEHUEM TPAKTA MEPEAAYM TAHHBIX BBICTYIIAET LIECHTPAJIbHbBIN
YIOPaBISIONIMI  MOJydb, KOTOpPBIM Oepér Ha cebs (QyHKUMM amnmapaTHOU
MapuIpyTH3allMi CUTHAJIOB U apOuTpaxa JocTyna K uHrepdeiicy cpszu. B uepapxuu
pOeKTa JaHHBIA OJOK MPEACTaBIIET COOOM MPOMEKYTOYHOE CTPYKTYPHOE 3BEHO.
ApXUTEKTypa MOAYJISI BKIKOYACT CTPYKTYPHYIO HHUIHAAIA3ALMUIO IOJCUCTEMBI
JNEKOJAUPOBAHMS TOJIb30BATEIIBCKUX KOMAaH/], T€HEpPATOpa CTATUYECKOrO0 TEKCTOBOTO
uHTepdeiica 1 KOHTPOIIepa B3aUMOJICHCTBUS C TaTYUKAMH.

CoOcTBeHHasi MOBEACHYECKAass JIOTHKA YIPABIISIIOMIETO MOMAYJS CBOAUTCA K
dbopMHpPOBaHNIO KOMOMHHUPOBAHHOTO CUTHaIA cOpoca U apOUTPaxy BBIXOJHOMW IIMHBI
naHHbIX. [lockoMbKy MHUITMATN3UPOBATh OTIpaBKy 6aiitoB B COM-mopt [1K moryT kak
TEHEpPATOp CTAaTUYECKOrO0 TEKCTa, TaK M KOHTPOJUIEp MAATYMKOB, B aAPXUTEKTypeE
peaIn30BaH CHUHXPOHHBIM amlllapaTHbI MYJIBTUILUIEKCOP. [[aHHBIM BBIYMCIUTEIbHBIN
MPOIECC HEMPEPHIBHO OTCJICKUBACT YIpaBisitomde ¢(aard TOTOBHOCTH OT 0O0eux
MEePEAOIINX MOJACUCTEM U KOMMYTHUPYET COOTBETCTBYIOIIME IIMHBI TAHHBIX HA BXO/
nepegatunka UART, permameHTupyss OYepEOHOCTh OTIPABKHM W HCKIKOYas
BO3HUKHOBEHHUE KOJUIM3UM Ha JMHUU CBs3U. lIpuopurer mpu OTHmpaBKE KECTKO
3aKperUI€H 3a KOHTPOJUIEPOM JaTuyukoB. Ecnu OoH BhICTaBiSIET (puiar TOTOBHOCTH, TO
TEKCTOBBIE COOOIIEHHUS MEPEXOAT B PEKUM OXKHUIAHUS.

JIOOJIHUTENBPHO B MOJYyJI€ TPEAYyCMOTPEeHa JIOTHKa KOMOMHHPOBAHHOTO
anmapatHoro coOpoca. Ilpu monmydeHnn OT TIOJNB30BATENsl KOMaHIBI cOpoca
U3MEpUTENIbHAA TOJICUCTEMAa NPUHYIAUTEIBHO PEUHULIHAIN3UPYETCS BHYTPEHHUM

CUTHaJIOM rst_combined, MTHOBEHHO MpepbIBasi TEKyIIHE UKIbI paboThl uHTepderica

[2C u Bo3Bpamas KOHTPOJUIEP JAaTYMKOB B MCXOJHOE cOCTosiHME. DparMeHT Koja,
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peanu3yronMi CHHXPOHHBIM MYJBTUIUIEKCOP II€peadyu JaHHBIX, IPEICTaBIICH

HIDKE [5].
process (clk)
begin
if rising edge (clk) then
if rst = 'l' then
con _tx data <= (others => '0');
con tx start <= '0';
else
if sensor tx start = 'l' then
con tx data <= sensor tx data;
con_tx start <= 'l1';
elsif output tx start = 'l' then
con tx data <= output tx data;
con_tx start <= 'l1';
else
con tx start <= '0';
end 1if;
end 1if;
end 1if;

end process;

[lepBasg W3 yHNOMSIHYTBIX BJIOKEHHBIX IMOJICUCTEM LEHTPAJIBLHOIO KOHTPOJUIEpA
peann3oBaHa B BHJIE allapaTHOrO0 MOMYIs OOpaOOTKH IMOJb30BATEIHLCKOTO BBO/IA.
JlaHHBI OJOK BBINOJHSAECT (PYHKIMIO KOMAaHAHOTO JEKOJepa, TPaHCIUPYIOIIEro
noctynatomue oT npuémMarnka UART «cbipbie» 0aliThl BO BHYTPEHHUE YTPABIISIONIHE
CUTHAJIBI U3MEPUTEIBLHOIO KOMILIEKCA.

AJroput™ paboThl MOJYJIsl 0a3UPYETCSl HA CHHXPOHHOM IPOIIECCE, HEPEPHIBHO
OTCIICKUBAIONIEM (uiar TOTOBHOCTH NpuHsATOro Oairta. Ilpm dukcamuu BBICOKOTO
JIOTUYECKOTO YPOBHS HAa COOTBETCTBYIOIICH JIMHUHM, MOCTYMNArOUA BOCAMUOUTHBIN
BEKTOP JAHHBIX HHTEPHPETUPYETCS AITOPUTMOM KaK CUMBOJI B CTAHIAPTHON KOJAUPOBKE
ASCII. B 3aBUCHMOCTH OT MPUHSTOTO 3HAYEHHMS, MPOLECC BHICTABISIET B BBICOKUU
JIOTUYECKUHM YPOBEHb CTPOTO OJIMH M3 BBIXOJHBIX (hJ1aroB 3arpoca JJIUTEIbHOCTHIO B
OIMH TakKTOBbIM IWKI. Jlns cumBoma «l» dopmupyercs 3ampoc Ha H3MEPEHHE
TeMIEPATYPhI, IS «2» — AABICHUS, JJIs1 «3%» — BIAKHOCTH, a I «4» — HHULIIUUPYETCS
KOMIUIEKCHBI OMPOC BCEX JOCTYMHBIX (u3ndeckux mnapameTpoB. [lpu momydeHun
CHUMBOJIOB «1» WJIH «R» MOy b BRICTABIISIET CUTHAJ COpOCa M MPUHYAUTEITHLHO OOHYIISIET

BCC OCTAJIbHLIC JIMHHWH 3aIIpOCOB. Bo wusbexaHue I0KHBIX Cpa6aTBIBaHHﬁ, JIFOOBIe
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HEpACIIO3HAHHBIE  CUMBOJIBI  UTHOPUPYIOTCS  anroputMoM. @DparmMeHTr KoOAa,

peaHI/ISYIOHII/Iﬁ JIOTHUKY ACKOOUPOBAHHA CHUMBOJIBHBIX KOMAHI H

YIPaBJIAIOMIUX UMITYJIBCOB, IIPCACTABJICH HHUIKC.

process (clk)
variable cmd : character;
begin
if rising edge(clk) then
if rst = 'l' then
bh start send <= '0"';
bh temp req <= '0';
bh pres req <= '0';
bh hum req <= '0';
bh all req <= '0';
else
bh start send <= '0"';
bh temp req <= '0';
bh pres req <= '0';
bh hum req <= '0';
bh all req <= '0';

if bh rx done = '1' then
cmd =
character'val (to integer (unsigned(bh rx data)));

case cmd is
when '1' =>
bh temp reqg <= '1";

when '2' =>
bh pres req <= '1";

when '3' =>
bh hum req <= '1';

when '4' =>
bh all req <= '1';

when 'r' | 'R' =>
bh start send <= '1"';
bh temp req <= '0';
bh pres req <= '0';
bh hum req <= '0';
bh all req <= '0';

when others =>
NULL;
end case;
end if;
end if;

IreHCpalnuun
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end 1f;
end process;

Btopasd u3 ynomMsiHyThIX BIJIOKEHHBIX IMOACUCTEM LEHTPAIBLHOTO KOHTpOJUIEpa
npelHa3HavYeHa JUIsl TeHEpalKi CTaATUYECKOTO TEKCTOBOTO MHTep(deiica moibp3oBaTes,
OTIPABIAEMOr0 B TEPMHUHAI MEPCOHAIBHOIO KOMIBIOTEpA. BHYTpH mMonmyins B BuAe
CTPOKOBBIX KOHCTAHT >KECTKO 3a/JlaHbl NPHUBETCTBEHHOE COOOIEHHE C TEpPEUHEM
JOCTYITHBIX KJIABHATYPHBIX KOMaHA U (hOpMAaTHPOBAHHAS TEKCTOBAS ITIANKa 1)1 BRIBOJA
TaOJIUIIBI PE3YJIbTATOB U3MEPEHUI.

Jloruka paboOThl  MOJCUCTEMBI TMOCTPOEHA Ha KOHEYHOM  aBTOMATE,
MOCJIEIOBATEIbHO TMEPEOUPAIONIEM CHUMBOJIBI 33JJaHHBIX KOHCTAHTHBIX CTpOK. Ilpu
MOCTYIJICHUU BHEIITHEr0 CHTHaja cOpoca aBTOMAT MEPEXOJIUT B aKTUBHOE COCTOSIHHE
BBIBOJIa MIEPBOTO CUMBOJIA CTPOKM MEHIO. B 3TOM COCTOSHMM QJITOPUTM HCIOJIB3YET
BCTPOEHHYIO PyHKIMIO character'pos miist nosydenus ynuciaoBoro koga ASCII Tekyiiero
CUMBOJIa, TpPeoOpa3yeT €ro B BOCBMUOUTHBIM BEKTOp W OXHAAET CHATHS (iara
3ansitoctd oT nepenatunka UART. Kak Tonapko JHMHHS OCBOOOXKIAeTCs, MOAYJb
BBICTaBJIsIeT CHOPMUPOBAHHBIN OalT HA MIMHY JaHHBIX, GOPMUPYET CUTHAN OTIPABKHU
ot tx start, ”HKpEMEHTHUPYET BHYTPEHHUI yKa3aTeib aipeca CUMBOJIA U IIEPEXOIUT BO
BCIIOMOTATEJIbHOE COCTOSTHUE OXKUIAHUs. B 3TOM COCTOSIHUM aBTOMAT 3aJ€pPKUBACTCS
10 Tex nop, noka nepeaaruyuk UART He NOATBEpIUT HAYAJIO OTIPABKHU BBICTABICHHUEM
(mara 3aHATOCTH, MOCJE YEro LMK MOBTOPSAETCS Uil cieayromero cuMmpoia. [locne
MOJIHOM TMOCHMMBOJILHOM Tepeaud MEHI0O aBTOMAaT aHAJOTUYHBIM 00pa3oM BBIBOJUT
manky TaOJMuIbl, TOCJE Yero BO3BPAIIACTCS B PEXKUM TPOCTOS IO TOTYyUCHHUS
CJIeIyIOLIEro curuana copoca. @parMeHT KoAa, peanu3yrouiuil JIOTMKY MOCUMBOJIBLHOTO
BBIBOJIA TEKCTOBOM KOHCTAHTBHI C MPOBEPKOM 3aHATOCTH IEpeNaTyuKa, MPEICTaBIICH

HIMXKC.

when PRINT MENU =>
if ot tx busy = '0' then
if text index <= MENU TEXT'length then

ot tx data <=
std logic vector (to unsigned(character'pos (MENU TEXT (text index)),
8));

ot tx start <= '1';

text index <= text index + 1;
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next state after wait <= PRINT MENU;
state <= WAIT BUSY;
else
state <= PRINT HEADER;
text index <= 1;
end 1if;
end 1if;

Tperbeit u Haubonee MacmITAOHOW TMOJCUCTEMON IEHTPAIbHOTO MOIYJIs
YOpPABJICHUS] BBICTYNAET KOHTPOJUIEP H3MEpUTENbHOU mepudepun. [lanHbi 010K
BBITIONHSACT (PYHKIMH YIPaBICHUS NAaTYMKaAaMH M BBIUMCIMTEIHLHOTO COMpOIECcCcOopa,
OTBEYAIOLIETO 32 (OpMaTUPOBAHUE UTOIOBOTO MOTOKA AaHHBIX i nepenadyn Ha [1K.

ApXHUTEKTypa KOHTpOJUIEpa BKIIOYAET B €0 CTPYKTYPHYIO MHHUIIMAIA3ZAIUIO
IparBEpa MUKPOCXEMBI YACOB peasibHOTO BpeMeHn DS1302, moayJieil B3auMoIeCTBHS
¢ mudpobiMu gatunkamu AHT21 u BMP180, a rakxke criennanu3npoBaHHOTO apOuTpa
bl [2C. Hannuue annapatHoro apoutpa o0yCioBIEHO TEM, 4TO 002 U3MEPUTEIbHBIX
JaTyvka (PU3MYECKH pPACIOJAraroTCs Ha €AUMHOW JBYHAIpPaBICHHOW IIWHE AaHHBIX,
TpeOyIoIIel CTPOroro pacnpeaeaeHus npas J0CTyNa JUIsl UCKIIIOUEHUS KOJITU3UH.

[loBeneHueckass JIOTMKa C€aMOro KOHTpoJuiepa JaTYMKOB OasupyeTcs Ha
00BEMHOM KOHEYHOM aBTOMATE, HACUMTHIBAIOIIEM HECKOJBKO IECSITKOB COCTOSHHIL.
[Ipy mosiBAEHUM pa3pelIalOIIEer0o CUTHaja OT MOIYJd OO0paOOTKM KHOIMOK aBTOMAT
JIEKOAUPYET BHYTPEHHIOID MACKy 3ampoca M MHHUIMHUPYET MOCIEAOBATENIbHBIA OMpPOC
HeoOxonumoin niepudepuu. HezaBucumMo ot BRIOpaHHOTO TMOJIb30BaTENEM (U3HUUECKOTO
napameTpa, U3MEpPUTENIbHBIN UKII BCErJa HAUMHAETCs ¢ OOpalleHus K JpaiiBepy 4acoB
TUTst (PUKCAITUU TeKYITUX 3HaY€HUH BPEeMEHH U JJaThl. 3aTe€M, B COOTBETCTBHH C aKTUBHOM
MacCKOM, MTOAAIOTCS YIPABJISIFOIINE UMITYJIbCHI Ha 3aITyCK almapaTHBIX MPeoOpa3oBaHMiA
BHYTpM caMuX JaryukoB. B caydae ¢ BMPI80 anroput™ AONOJHUTEIBHO
o0ecrieunBaeT perjJaMeHTHUPOBAHHYIO BPEMEHHYIO 3aJ€pKKy MeXAy KOMaHAaMU
U3MEpEHUs TeMIlepaTypbl U JaBieHus. [locne ycnemHoro cCUuThiBaHUSI M COXPAHECHHUS
OTBETOB OT JIaTYUKOB BO BHYTPEHHUX PETUCTPAX-3allENKaxX, aBTOMAT MEPEXOIUT K
BBIYMCIIUTEILHON (ha3e.

B ¢daze Beiuncnenuit 1 popMaTtupoBaHUsl «ChIpbIe» JaHHBIE MPeoOpa3yloTcs B

YUTACMBbIN BHUI IJIsI KOPPCKTHOT'O BBIBOAA B KOHCOJIb. I[J'I?I BBIYMCIICHHUA (bI/IBI/I‘-IeCKI/IX
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BEJIMYMH MPUMEHSIOTCS BCTPOSHHBIEC aITOPUTMBI anmapatHoi apudmernku. Hampumep,
JUISl TIONyYEHUSI pEAIbHOTO 3HaueHus Temrieparypsl ¢ narunka AHT21 mpumensercs
dbopmyia
T = (35) x 200 - 50,
220
rae T — temnepartypa, °C;
S7— BBIXOAHOM TeMnepaTypHbIi curnain [1].

B pamkax IIJIMC nanHOoe BbhumcieHne 3(PGEKTHBHO pPEATM30BAHO dYepe3
YMHOKEHHE BEKTOpa B TPHUALIATUJIBYXOUTHOM aKKyMYyJSITOpE C MOCIEIYIONUM
U3BJICUEHUEM CTapIIMX OWT, YTO ammapaTHO SKBUBAJICHTHO [ICJICHUIO HA JiBa B
IBaALATOM cTerneHu. B To ke Bpems mokaszanus narunka BMP180, maremarndeckuit
anmapaTr KOTOpOTro TpeOyeT BBIMOIHEHUS CIOKHBIX BBIYMCICHUN C KaMOPOBOYHBIMU
kodpdunmentamu, nepenarorcs Ha [IK B BuAE HCXOIHBIX IIECTHAAIATEPUUYHBIX
3HAQYEHUM ISl MOCHEAyIoled MporpaMMHON mocToOpaboTku. @DparMeHT Koja,
peanu3yoNMil anmapaTHyl pealu3aluio pacu€ra TeMIepaTypbl U OINpEIeICHUs

MaT€MaTU4YCCKOI'O 3HaKa HOHY‘ICHHOﬁ (1)H3H‘I€CKOIZ BCJIMYMUHBLI, IPCACTABJICH HUKC.

when S_TEMP CALC =>
math 32 <= resize (unsigned(latched aht temp) * 200, 32);
state <= S TEMP SIGN;

when S TEMP SIGN =>
v_temp int <= to integer (math 32 (27 downto 20));
if v_temp int < 50 then
calc int <= 50 - v _temp int;
else
calc int <= v _temp int - 50;
end if;

[Tocne 3aBepilieHHUss MAaTEMAaTUYECKUX OMepalvii KOHEYHBIM aBTOMAT 1MoOaiToOBO
reHepupyeT  CTpokoBble  mocienoBarenbHocTH  ASCII-cumBoONOB.  ANroputm
MocJeI0BaTeIbHO (DOPMUPYET MOPSAIKOBBIA HOMEP U3MEPEHUS, TEKYIIYIO ATy U BpEMS,
a 3aTeM J100aBJIseT K BBIYUCICHHBIM 3HAUEHUSIM JJATYUKOB COOTBETCTBYIOIINUE €TUHUIIBI
WU3MEPEHUSI, PA3ACIIUTEIU CTOIOIOB U MTPOOESIIBI 1)1 COXPAHEHUS CTPOTOT0 BU3YaJIbHOTO
BbIpaBHMBaHUs TaOnuiel. CdopMmupoBaHHbIE OalWThl ¢ Y4€TOM KOHTposs (iara

3aHsATOCTH OTHpaBisatorca B nepegatunk UART. 3aBepiiaercs M3MepUTENbHBIA LMK
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OTPUCOBKOW 3aMBIKAIONMICH JIMHWW TaOJWIbl W TEHepalueldl CHMBOJIOB TEpPEeBOjIA
KApETKH, IIOCJIE YETO aBTOMAT BO3BPAILAETCA B UCXOJTHOE COCTOSTHUE MPOCTOSI.

BaXHBIM CTPYKTYpHBIM 3JIEMEHTOM KOHTPOJUIEpAa JATYAKOB BBICTYNAET
annapatislid  apoutp wmmHbl [2C. [atumkun AHT21 wm BMPI180 mnoakirodeHbl
napajuieIbHO K €OUHBIM JIByHAlPaBJICHHBIM JIMHUSM TaKTUPOBAaHUS W JIAHHBIX.
ITocKOJIbKY KaXKIblil TaTUYUK YNPABISETCS HE3aBUCUMBIM IPOTPaMMHBIM JIpaliBEpoOM,
OJIHOBPEMEHHOE O0pallleHHe K IIMHE MPUBEAET K UCKAKEHUIO JAHHBIX U alllapaTHBIM
koum3usiM. Mogynb 12¢ _bus_arbiter pemmaer 3Ty mnpoOsiemy, oOecrieduBas IpaBo
nocTyna K Gpu3n4eckoMy uHTepdeicy TOIbKO sl OJTHOTO U3 IPpaiBEPOB B KOHKPETHBIN
MOMEHT BPEMEHHU.

ApxuTeKkTypa apOuTpa BKJIIOYAET MOIYJIb KOHTpoOJUIepa IIMHBI 12¢ master,
KOTOPBIM BBIMOJIHIET BCIO HU3KOYPOBHEBYIO JIOTUKY. CaM apOUTp BBICTYNAET B POJIH
UHTEIUJIEKTYaJIbHOTO KOMMYTATOpa, MapUIPYTU3UPYIOLIETO YIPABISIONIUME CUTHAJbL,
azpeca U JaHHbIE MEXKIy JIpailBepaMu JaTYMKOB U MACTEPOM ILIHUHBI.

[ToBeneHveckas Joruka KOMMYTAIMK MOCTPOCHA HAa 0a3e KOHEYHOT'O aBTOMATa,
COCTOSILEr0 U3 COCTOSIHUS MPOCTOSI, AKTUBHOCTHU IIEPBOTO YCTPOMCTBA U aKTUBHOCTH
BTOPOI0 YyCTpoicTBa. B pexxnme mpoctosi apOUTp HENpepbIBHO OmNpaliuBaeT (iaru
3anpoca goctyna devl ena u dev2 ena. Ilpu wHUIMAIMK TpPaH3aKIMKA OJHUM U3
IpaiiBEpOB, aBTOMAT NEPEXOAUT B COOTBETCTBYIOIIEE AKTUBHOE COCTOSHUE,
MEepeHanpaBJisisi BCE CUTHAJBl AKTUBHOIO JpaiiBepa Ha BXOJAbl MacTepa IIHMHBL.
OnHOBpEeMEHHO ISl JIpaiiBepa, HaXOASUIErocsl B PEXKUME OXKUIAAHUA, AallapaTHO
BBICTaBJIsIETCS (uiar 3aHSATOCTH, OJIOKUPYIOUIUN ero paboTy A0 MOJHOTO 3aBEPILICHUS
TEKylIEd TpaH3aKUMHA aKTUBHBIM YCTPOMCTBOM. BoO3BpaT B COCTOSHME NPOCTOS
OPOUCXOJIUT TOJIBKO TOCIE CHUHXPOHHOTO CHATUSA (prara 3ampoca JapaliBepoM H
OCBOOOXKIEHMSI IIMHBI MacTepoM. @OparMeHT KoJa, pPeaIU3yIOMHMN JIOTHKY

MIEPEKITIOUEHUSI COCTOSTHUI aBTOMAaTa apOuTpaka, MPeICTaBIICH HUXKE.

process (clk)
begin
if rising edge(clk) then
if rst n = '0"'" then
state <= IDLE;
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else
case state is
when IDLE =>

if devl ena = 'l' then
state <= DEV1 ACTIVE;
elsif dev2 ena = 'l' then
state <= DEV2_ACTIVE;
end if;

when DEV1 ACTIVE =>

if (devl ena = '0' and master busy = '0') then
state <= IDLE;
end if;
when DEVZ_ACTIVE =>
if (dev2 ena = '0' and master busy = '0') then
state <= IDLE;
end if;

when others =>
state <= IDLE;
end case;
end if;
end if;
end process;

DneMeHTOM ympaBieHUs (PU3HMUECKUM YPOBHEM IIMHBI BBICTYHAeT KOHTPOJUIEP
12c_master. JlaHHBIII MOAYJb HWHKANCYJIUPYETCSd BHYTPU allapaTHOTO apouTpa u
abcTparupyer BBICOKOYPOBHEBBIE JApaiBepbl AATYUKOB OT JKECTKUX BPEMEHHBIX
TpeboBanuii  mportokona [2C. Moaynp NOpUHUMAET — CTaHAAPTU3UPOBAHHBIE
napajuielbHble 3alpochl U MPeoOpa3yeT uX B MOCIENI0BATEIbHbIE OMTOBBIE MOCHUIKH,
amnmapatHo reHepupysi TakToBbld curHainl SCL 3amaHHOM YacTOThl W YNPABISIS
JBYHAIIPaBJICHHOW JINHUEN AaHHBIX SDA.

B OCHOBE apXUTEKTypbl KOHTPOJUIEpA JIEKUT pealm3anus ABYX CHUHXPOHHBIX
npoueccoB. [lepBrlii mpouecc BBICTYNAET B poiM TanMepa-reHeparopa. Onupasch Ha
CUCTEMHYIO TaKTOBYIO YAaCTOTY M 3aJlaHHYI0 KOHCTaHTy ckopocTH [12C, oH ¢popmupyer
BHyTpeHHue curHaibl scl clk u data clk, cmeménnbie Apyr OTHOCUTENTHHO JpyTa o
¢aze Ha 90 rpanycoB. Takas peann3zanus NO3BOISAET HAIE)KHO (PUKCUPOBATh YPOBHU Ha
nmuauu SDA poBHO B cepeauHe TaKTOBOTro uMmmyJibca SCL, 4TO ABISETCS KIIOYEBBIM
TpeOoBaHueM crenuduKanuu muHbl. KpoMe Toro, TaiiMep-renepaTop MoJAepKUBACT

GyHKUMIO yaJIMHEeHUs TakTa. Eciu BegoMoe ycTpoilcTBO yiepxkuBaeT JuHuio SCL B
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HU3KOM ypOBHE, TO T€HEPaTOp MPHUOCTAHABIMBAET PaboTy 10 €€ 0CBOOOKICHHUS.
BTopoit CHUHXpOHHBI TIpoOIECC MPEICTABISIET COOOH CIIOKHBIH KOHEUYHBIN
aBTOMAT, YIIPABJISIIOLINN JIOTUKOW TPAH3aKIMU. ABTOMAT COCTOUT U3 JEBSITH COCTOSTHUM,
OXBATBHIBAIOIIMX TIOJHBIM CIIEKTP ONEpauuid MPOTOKOJA, HAYWHAS OT TIEHEepauuu
CTapTOBOI'O YCJIOBUS U MOOMTOBOM nepenayun OaiTa ajipeca ¢ OUTOM YTEHUS UIIU 3aITUCH,
10 mpuéMa WM riepefadr 06aiTa TaHHBIX C MOCIEAYIONIeH reHepaneil MoATBEPKIACHUMA
¥ CTONOBOTO yciioBHsl. DparMeHT Ko/1a, pean3yoIIHii JIOTUKY IIEPEX0/1a aBTOMATA MPU
nepegade win npuémMe MHGOPMalMOHHOIO OaiiTa MOcie YCHEIIHOTO MOATBEPKACHUS

azipeca, IpeCTaBIICH HIKE.

when SLV_ACK1l =>

if addr rw(0) = '0' then
sda int <= data tx(bit cnt);
state <= WR;

else
sda int <= '1"';
state <= RD;

end if;

when WR =>

busy <= '1"';

if bit cnt = 0 then
sda_int <= '1"';
bit cnt <= 7;
state <= SLV_ACK2;

else
bit cnt <= bit cnt - 1;
sda_int <= data_ tx(bit cnt - 1);
state <= WR;

end 1if;

when RD =>

busy <= '1"';
if bit cnt = 0 then
if (ena = 'l' and addr _rw = addr & rw) then
sda_int <= '0';
else
sda_int <= '1"';
end if;

bit cnt <= 7;
data rd <= data rx;
state <= MSTR_ACK;

else
bit cnt <= bit cnt - 1;
state <= RD;
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end if;

JIns moJstyyeHnst TOYHOTO BPEMEHM U JIaThl B COCTAaB U3MEPUTEIIBHOTO KOMILIEKCA
WHTETPUPOBAH JpaBEp NaTyrKa 4acoB peanpbHOro Bpemenu DS1302. B ornmume ot
monyiner AHT21 u BMP180, oH ucnons3yer cnenuaau3upOBaHHbIN TPEXITPOBOIHOU
CUHXPOHHBIN MHTepQeiic, BKIIOYAIOMUN pa3iefbHble JIUHUA TaKTUPOBAaHUA, BbIOOpa
YCTPOWCTBAa W JIBYHAIIPABJICHHYIO JIMHUIO BBOJIa-BbIBOJAA MAHHBIX. [IOCKOJIBKY 3TOT
uHTepdeiic He3aBUCHM OT ocHOBHOW muHBI [2C, npaiiBep (QyHKIIMOHUPYET Kak
CaMOCTOSTENIbHBIN anmnapaTHbIN y3e, He TpeOyIomuii apouTpaxa.

Jloruka paboThl JpaiiBepa Oa3upyeTcss HA KOHEYHOM aBTOMATe, peaju3yIoleM
PEKHUM TMAKETHOTO YTEHHMS. JIaHHBIM pPEXUM MO3BOJIAET 34 OJHY TPAH3AKIIUIO U3BJIEYD
BCE OCHOBHBIE XPOHOMETPUUECKUE PETUCTPBI MUKPOCXEMBI, MUHUMU3UPYS HAKJIAIHbIC
pacxojpl Ha ajpecanuio. TpaH3akuus HTHULUUPYETCS BHEIIHUM 3aripocoM read req ot
KOHTpOJUIEpAa JaTYUMKOB. ABTOMAT MEPEBOJUT JUHUIO BBIOOpA rtc_ce B BBICOKHI
ypoBeHb U B coctossHud CMD BITS nmoOuTHO BBIAET HAa JUHUIO JaHHBIX KOMaHTY
nmaketHoro uyreHus OxBF, cuHXpoHM3Mpys nepenady CriajaMM anmnapaTrHo
TEHEPUPYEMOT0 TAKTOBOI'O CUTHAJIA.

[Tocne ycmemHoW mepegayd BOCBMU OUT KOMAaHIbl aBTOMAT MEPEKII0YaeT
HalnpapJICHUE JBYHANPaBJIEHHOW JUHUU rtC 10 HA BXOJ U MEPEXOJAUT B COCTOSIHUE
READ BITS. B stom pexume airoput™m MOCIEAOBATEIbHO CYUTHIBaeT 64 Outa
JAHHBIX, (PUKCHUPYS JIOTUYECKUE YPOBHHU IO MEpeaHeMy (PPOHTY TaKTOBOI'O CHUTHAJA.
[TpuHUMaeMbie OUTHI MAPIIPYTU3UPYIOTCS BO BHYTPEHHU MAaCCUB PETHCTPOB time_regs
C MCTOJIb30BAHUEM BJIOKEHHBIX CUETUMKOB OUTOB M OaitToB. [1o 3aBepinenun npuéma
MOCTICIHEN MOCBUIKM MOJydb TmepexoauT B coctosHue STOP, omyckaer juHMIO
pasperieHusi, BEICTABISIET Mapajiyle/IbHbIE JaHHBIC HA BBIXOJTHBIE MOPTHI U HOPMHUPYET
UMITYJIbC TOTOBHOCTH ready. dparMeHT Koja, peaju3yIolui JIOTUKY MepeKIIOUeHUS
HaIpaBJICHU JIMHUU JaHHBIX U Mepexo/ia K YTEHUI0 0alTOB Mociie OTIPaBKU KOMaH/IbI,

NpeJicTaBlieH HUXe [6].

when CMD BITS =>
if sclk edge = 'l' then
if sclk reg = '0' then
sclk reg <= '1";
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else
sclk reg <= '0"';
if bit idx = 7 then
io dir <= '0"';
state <= READ BITS;
bit idx <= 0;
byte idx <= 0;
else
bit idx <= bit idx + 1;
io_out <= CMD_BURST READ(bit idx + 1);
end if;
end if;
end if;

JInst mony4eHus: JTOCTOBEPHBIX 3HAUYEHHMM TeMIlepaTypbl M OTHOCUTEIBHOU
BJIQ)XKHOCTH OKPY’KAIOIIEH Cpelbl B KOMIUIEKC MHTETPUPOBAH allllapaTHBIM JpalBep
natuuka AHT21. JlanHbli MOy b B3aUMOJCHCTBYET C IATUUKOM MTOCPEACTBOM OOIIIEiH
muHbI [2C yepes crienuanu3upoBaHHBIN OJIOK anmapaTHOro apouTpaxka, abcTparupysach
OT HHU3KOYPOBHEBOI'O TaKTHUPOBAaHHUS WU (DOPMUPOBAHUS CTAPTOBBIX MM CTOMOBBIX
ycioBuil. BzaummoneicTBue € JAaTYMKOM OCYLIECTBISETCS MO (UKCHPOBAHHOMY
necTHaAnaTepudyHomy ajapecy 0x38.

Jloruka paOoThl nOpaiiBepa MOCTPOEHA HA CHUHXPOHHOM KOHEYHOM AaBTOMATE,
QITOPUTM KOTOPOTO CTPOr0 pPErNIAMEHTHPOBAH TEXHUYECKOM JIOKyYMEHTallMed Ha
AHT21. IlonHbli UK M3MEpEHUs pa30MBaeTCsd HAa WHULMAIU3ALMIO H3MEpEHUS,
anmnapaTHOE OKUJIAHWE KOHBEpPTAlMU M YTEHHUE pe3ysbTaToB. L{MK1 HaumHaeTcs mpu
NOCTYIJIEHUM BHEUIHETO CUTHAJIA start_meas OT LHEHTPaJIbHOIO0 KOHTPOJUIEPA JATYUKOB.
B ¢a3ze mHunmanuzanuyd aBTOMAT NEPEXOAMT B PEXKHUM 3alUCH U IOCIEI0BATEIHHO
OTHpAaBJISICT HAa MIMHY KomaHay Tpurrepa usmepeHus 0xAC, 3a KOTOpOH CIEOyIOT
kanmuOpoBounbie mapametrpbl 0x33 m 0x00. 3aBepmmB mepemnady KOMaHIbI, JpaiBep
CHUMaeT (iar pa3penieHus NIMHbI U TepexoauT B cocTtosinue oxxuaanus WAIT MEAS.

daza oxuIaHus KPUTUYECKH BaXKHA U KOPPEKTHOM pabOThl AaTyuKa, TaK Kak
BHyTpenHemy ALl tpeGyercst Bpemsi miisi mpeoOpa3oBaHus (PUINYECKUX BEITUUHH.
JIIUTenbHOCTh Nay3bl OPMUPYETCS anMapaTHbIM CYETUUKOM U COCTABIISIET HE MEHEe
80 mmmmucekyH. [1o 3aBepiieHny nmay3bl aBTOMaT NEPEBOAUT apOUTP LIMHBI B PEKUM

YTCHHUSA W HWHHIOUHUPYCT HpI/IéM cemu Oalt JaHHBIX. AJ'IFOpI/ITM HOACYHUTHIBACT
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KOJIMYECTBO MPHUHSATHIX OAWTOB M OCYIIECTBIIIET MOOMTOBYIO PACMaKOBKYy. baWThl co
BTOPOTO TIO0 MEPBYIO MOJOBUHY YETBEPTOro (HOPMHUPYIOT ABAALATHOUTHOE «CHIPOE»
3HAUYEHHUE BIAXHOCTH, a OAMTBl CO BTOPOM MOJIOBUHBI YETBEPTOrO MO IIECTOM —
TBAIIIATHOMTHOE «CHIPOE» 3HAYCHHWE TEeMIepaTyphl. PacmakoBaHHBIE BEKTOPHI
(GUKCUpPYIOTCS BO BHYTPEHHHMX PETHUCTpax, IMOCJIE 4Yero ApaiBep BBICTABISIET (iar
rotoBHOocTU data_ready u Bo3Bpamiaercs B HMCXOJHOE cocTosiHue. dparMeHT Koja,
peanu3ylonMi JIOTUKY pAacHakOBKM TIOJIE3HOM HAarpy3Kd W3 TOCJIEI0BATENBHO

IPUHUMAEMBIX 0aliTOB, MpejcTaBIeH HIDKE [1].

if (busy cnt > 0 and i2c busy = '0') then
case busy cnt is
when 1 =>
null;

when 2 =>
raw_hum reg (19 downto 12) <= i2c data rd;

when 3 =>
raw_hum reg(ll downto 4) <= i2c data rd;

when 4 =>
raw_hum reg (3 downto 0) <= i2c data rd(7 downto 4);
raw_temp reg(l9 downto 16) <= i2c data rd(3 downto 0);

when 5 =>
raw_temp reg(l5 downto 8) <= 1iZ2c data rd;

when 6 =>
raw_temp reg (7 downto 0) <= 12c data rd;

when 7 =>
null;
state <= READ STOP;

when others =>
null;
end case;
end if;

Jns mu3mepeHuss atMocepHOro AaBJEHUS HCMOJb3yeTCs ApaiiBep AaT4yvKa
BMP180. Kak u B cimyuae ¢ AHT21, B3auMoJelcTBUE C HUM PEAIU30BAHO YEPE3
anmapatHbiid apouTtp muHel [2C, 4TO 03BOJISET OTACIUTH JIOTUKY BHICOKOYPOBHEBOTO

MPOTOKOJIa OT ympaBiieHus (pusmueckumu ypoBHsMH curHanoB. Ceszp ¢ BMP180
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OCYIIECTBISIETCS TI0 (PUKCUpOBaHHOMY OazoBoMy aapecy 0x77.

Ocob6ennoctrio gatunka BMP180 siBisieTcst To, 4TO OH HE CIIOCOOEH M3MEPATH
TEeMIlepaTypy U JaBJICHUE OJHOBPEMEHHO OJIHOM KOMaHAOW. ApXUTEKTypa JpaiiBepa
YUYUTBHIBAET 3TOT HIOAHC. MOJyib CHPOEKTUPOBAH KaK YHUBEPCAIbHBIM KOHEUHBIM
aBTOMAT, CIIOCOOHBIN BBIMOJIHUTH €IMHUYHBIM IUKII U3MEPEHHUsI HAa OCHOBE BHEIIHEH
KOMaH/Ibl meas_cmd, mepegaBaeMoii OT LIEHTPAIbHOTO KOHTPOJLIEpa.

[Ipouiecc HaurHaeTCs MPU MOJTYUYEHUU CUTHaja start meas. ABTOMAT MEPEXOIUT
B PEXHUM 3alucy U oOpamiaeTcss K BHYTPEHHEMY PEruCTpy YIpaBJeHUs JaT4yuKa IO
anpecy 0xF4. [1ocme noaTBEpKICHUA apeca PErucTpa ApaiBep NEPEChIIAET B HETO KO
TpeOyeMoi onepanuu 1 GOpMHUPYET CTONOBOE yCIOBUE. 3a ATOM TpaH3aKUUEH clieayeT
oOsa3aTenbHas Qaza oxuganus koHBeptaiuu WAIT MEAS, peanuzoBanHas Ha 0aze
armnapaTHoOro c4€TYuKa.

[Tocne wucTeyeHUss BpPEMEHU OXKUJAHHUS aBTOMAT WHULOUHMpPYET BTOopyro [2C
TPaH3aKUUIO I CUMTHIBAHUS PE3YJbTaTOB. JlpailBep OTHpaBIAET aJpec perucrpa
BBIXOJIHBIX JaHHbIX 0xF6, mepekitoyaer MIMHY B PEKUM YTEHUS U MOCIEI0BATEIbHO
npuHUMaeT gaBa Oaiita. Crapmmii O0aliT 3amuchIBaeTCSl B CTApIIYIO TOJIOBUHY
HIECTHAALIATEpUYHOr0 perucrpa result reg, a muanmmii — B mutaauyto. [locne nmpuéma
mutaaiiero 0airta ipaiiBep CHUMAaeT CUTHAJ pa3pelieHusi, GOpMHUPYET CTOTIOBOE YCIOBHE
u BbIcTaBiseT ¢uar data ready, Bo3Bpaiasicb B COCTOsIHME MpocTosd. dparMeHT Koja,
peanu3yromui JOruKy MoOalTOBOTO YTEHMSI pe3yJibTaTa C KOHTPOJEM 3aHSITOCTH

IIMHBI, IPEJICTaBIICH HUXE [2].

when READ MSB =>

i2c rw <= '1";

busy prev <= i2c busy;

if (busy prev = '0' and i2c busy = 'l') then
busy cnt <= busy cnt + 1;

end if;

if (busy cnt = 1 and i2c busy = '0') then

result reg(l5 downto 8) <= i2c data rd;
busy cnt <= 2;
state <= READ LSB;

end 1if;

when READ LSB =>
busy prev <= i2c busy;
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if (busy prev = '0' and i2c busy = 'l') then
busy cnt <= busy cnt + 1;
end if;

if busy cnt >= 3 then

i2c _ena <= '0';
end 1if;
if (busy cnt >= 3 and i2c busy = '0') then

result reg(7 downto 0) <= 1i2c data rd;
state <= READ STOP;
end if;

Jns  oOecrieyeHuss CBSI3M  MEXIy JIOTHYECKOM CTPYKTYpOM MpoeKTa H
¢usnueckumu BeiBogamu Mukpocxembl [IJIMC ucnonb3yercs ¢aiin moab30BaTeIbCKUX
orpannueHnii (UCF). Jlanubiii daitn HeoOXoauM s TOro, 4ToObl 3aJeHCTBOBATh
amnmapaTHbIe PECYPChl KpUCTA/UIA U TTOAKIIOYNTh BHYTPEHHNUE CUTHANBI YIIPABICHUS K
BHEITHUM KOMITOHEHTaM CTeHJa U UHTeP(ENCHBIM pazbEMaM.

B UCF d@aiine omnpenenstorcs (unyeckue aapeca KOHTAKTOB IS KaKIOU
CUTHAJIBHOW JIMHUHK, a TaKXke 3aJlal0oTCsl AJIEKTPUYECKUE CTaHIapThl YpPOBHEM
HanpsDKeHUs, 00€CTeunBarOIe KOPPEKTHOE B3aMMOJICUCTBHE C TepupepUitHBIMU
MoayissmMu. I[loMuMO  Ha3HaueHUsS  BBIBOJOB, (Al  COMEPNKUT BPEMEHHBIC
cnienu@UKaIuy sl TII00aIbHOTO TAaKTOBOTO CUTHANA, YTO TapaHTUPYET CTAOMIIbHYIO
CUHXPOHM3ALIMI0 BCEX BBIYMUCIUTENBHBIX IporeccoB BHyTpu I[IJIMC Ha 3agmanHON

yactote. Conepxkumoe UCF (aitna npencraBieHo HIKE.

NET "rx_serial" LOC = "Cl11"™ | IOSTANDARD = LVCMOS33;

NET "tx_serial" LOC = "D12" | IOSTANDARD = LVCMOS33;

NET "scl" LOC = "M5" | IOSTANDARD = I2C;

NET "sda" LOC = "po" | TOSTANDARD = I2C;

NET "rtc_sclk" LOC = "E13" | IOSTANDARD = LVCMOS33;

NET "rtc_ce" LOC = "C13" | IOSTANDARD = LVCMOS33;

NET "rtc_io" LOC = "D14" | IOSTANDARD = LVCMOS33;

NET "button rst"™ LOC = "C3" | IOSTANDARD = LVCMOS33;

NET "clk" LOC = "T8" | TNM NET = "clk" | IOSTANDARD = LVCMOS33;

TIMESPEC "TS_clk" = PERIOD "clk" 50000 kHz;
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3.4 Pazpaoorka I10 gas 11K

[Tporpammuoe obecrieuenue [IK paspaborano Ha s3eike C++ B cpeme Visual
Studio 2022 u npexactaBisieT coO0K KOHCOJIBHOE KIMEHTCKOE MpuioKeHue. [ naBHas
3a7laya OpOrpaMMbl 3aKJIIOYAETCs B YCTAHOBKE ACHHXPOHHOIO COEAMHEHUS C
annapatasiM  Moayiem [IJIMC, o0paboTke mocTynaromero mOTOKa JaHHBIX H
obecrnieyeHN UX HaIEKHOTO XpaHeHHs B JIoKabHOUM BJ1. Jlormdecku anroputm paboThl
MIPUIOKEHUS MOKHO Pa3JeIUTh Ha TPU NOCIIEIOBATEIbHBIX dTAMa.

[lepBbIii 5Tam BKJIIOYaeT WHUIMANM3alMi0 uHTepdeiica cpsa3u. [Iporpamma
3ampalivBaeT y MOJb30BaTENsl HOMEpP KOMMYHHMKAllMOHHOTO MOpPTa M CKOPOCTb
nepenaun naHHbiX. g koHpurypanuu unatepdeiica UART npumeHsaroTcss QyHKIUU
Windows API. Otkpeitie nopra ocymiectsisercs pyukuueit CreateFileA, mocie uero
HACTpauBaroTCs CTpyKTypa nmapamerpoB DCB u TaiimayTel yreHus-3anvucu. OparmeHt
KOJIa, peaTn3yIoui KOH(OUTYpalUIO TOCIE0BATEILHOTO MOPTA, MIPEACTABICH HIKE.

string portName = "\\\\.\\COM" + portNum;

hSerial = CreateFileA(portName.c str(), GENERIC READ |
GENERIC WRITE, 0o, 0, OPEN EXISTING, FILE ATTRIBUTE NORMAL, 0);

if (hSerial == INVALID_HANDLE_VALUE) {

cout << "-> Ommbka: He ynanoce nonokjaouuTtbcsa Kk COM" << portNum <<
". BO3MOXHO, OH OTKJIOUEH MM 3aHdaT.\n\n";

continue;

SetupComm (hSerial, 16384, 16384);
DCB dcb = { 0 };

dcb.DCBlength = sizeof (dcb);
GetCommState (hSerial, &dcb);

dcb.BaudRate = userBaudRate;
dcb.ByteSize = §;
dcb.StopBits = ONESTOPBIT;
dcb.Parity = NOPARITY;

BropeiM  3Tanom  BBICTYHAaeT  pa3BEPTHIBAHME  IIOJCUCTEMBl  XPAHEHUS
uHpopmaruu. [TpunoxeHne aBToMaTHYECKU FreHEpUpPyeT yHUKalbHOe nMs ¢aiina b/l na
OCHOBE TEKYIIIET0 CHCTEeMHOT0 BpeMeHu. B3anmonerictBue ¢ nmokansHo CYBJ] SQLite

OCYIICCTBILICTCA YCpPE3 MPAMOC IMOAKIIOYCHUC 3arojJOBOYHBIX q)aﬁHOB OMOINOTEKH.
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Anroput™m GOpMHUpYET 3alpoc Ha co3anue Tadbnuibl SensorLog, onpenenss CTpyKTypy
CTOJIOIOB i (pUKcalMd HOMEpa HU3MEPEHHs, BPEMEHHOM METKH M MOJYyYEHHBIX
¢usnueckux BenuuuH. dparMeHT Koja, pealusyrolmui anroputMm coszaanus b/l u

HAaCTPOMKY IMAPaMETPOB KyPHATUPOBAHUS, ITPEACTABIICH HUXKE.

string db filename = generate db filename();
sqlite3* db;
if (sglite3 open(db filename.c str(), &db) != SQLITE OK) ({

cerr << "Oumbka oTkpeTMa BI SQLite!\n";
CloseHandle (hSerial);
return 1;

sglite3 exec(db, "PRAGMA journal mode = WAL; PRAGMA synchronous =
NORMAL;", nullptr, nullptr, nullptr);
sglite3 busy timeout (db, 5000);

const char* sgl create =
"CREATE TABLE IF NOT EXISTS SensorLog ("
"RequestNum TEXT, "
"DateTime TEXT, "
"\"Temperature (C) \" REAL, "
"\"Pressure (Pa) \" REAL, "
"\"Humidity (%) \" REAL);";
sglite3 exec(db, sgl create, nullptr, nullptr, nullptr);

Tperuit u Hambonee oOBEMHBINA dTaAll MPEACTABISET cOOOM TJIaBHBIM pabounii
a1 npwioxkeHus. OH  Oasupyercs Ha HEOJOKHpYIOIeM dTeHuu Oydepa
MOCIIE0BATEIHHOTO MOPTa M ACHHXPOHHOM TIepeXBaTe MOJb30BaTEIBCKOTO BBOJA C
knaBuarypsl. [Ipu Haxkatum knaBumu Qyskims kbhit() perucrtpupyer coObiTue, u
cootBercTBytomMii ASCII-cumBon otnpasnsierca B IIJIMC ¢ nmomoursto (yHKIMH
WriteFile. [Tapamnensno dyukiums ReadFile npuanmaeT Bxosiue TeKCTOBBIE MTOCHUIKH
OT TUTATHI.

[TocTynaroniyie CMMBOJIbI HAKAIIUBAIOTCS B CTPOKOBOM Oydepe 10 oOHapyKeHus
CUMBoJIa repeBojia cTpoku. [lomydeHHas crpoka paz0ouBaeTCsl Ha OTJAECNbHbBIE YaCTH IO
CUMBOJY BEpTUKAJIbHOW 4YepThl. AmmapaTHas d4acTh mepeaaét HeoOpaboTaHHbIE
IIeCTHAAIATEPUYHbIC 3HAYCHHS JaBIICHUS, KOTOPBIE MPOTPAaMMHO MPEeoOpa3yroTcs U
MOJICTABJISIOTCS B MaTemaTuueckyro (ynkuuto calculate bmpl180 pressure s

BBIUMCJICHUS a0COJIFOTHOTO JaBJICHUA B ITackansax. B 3aBCPIICHUH LUKJIA IIporpaMmma
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OCYIIECTBISIET (HOPMATUPOBAHHBIN BBIBOJ] PACCUMTAHHBIX MOKa3aTeIeii B KOHCOIb H

dopmupyet SQL-3anpoc INSERT INTO mns 3anucu ctpoku B BJ[. @parmeHnT koza,

peanu3ylouil 4TeHue IMOopTa, OTHPAaBKy KOMaHJ U 3aluch pe3yibTaroB B B/,

MIpEeACTaBIICH HIKE [7].

while (true) {

bool activity = false;

if (_kbhit()) f
char ch = getch();
if (ch == 27) break; // ESC

WriteFile (hSerial, &ch, 1, &bytesWritten, NULL);
activity = true;

}

if (ReadFile (hSerial, buffer, sizeof (buffer) - 1, &bytesRead,

NULL) && bytesRead > 0) {

activity = true;
buffer[bytesRead] = '\0';
line buffer += buffer;

size t pos;

while ((pos = line buffer.find('\n')) != string::npos) {
/...
if (parts.size() >= 2 && parts[l].length() > 0 &&
isdigit ( (unsigned char)parts[1][0])) {
/...
string sgl = "INSERT INTO SensorLog (RequestNum,
DateTime, \"Temperature (C)\", \"Pressure (Pa)\", \"Humidity(%)\")
VALUES ('"
+ num + "', '" + date + "', "
+ to string(clean temp) + ", "
+ to _string(calc P) + ", "
+ to string(clean hum) + ");";
char* errMsg = nullptr;
if (sglite3 exec(db, sgl.c str(), nullptr, nullptr,
&errMsg) != SQLITE OK) {

sqlite3 free (errMsqg);
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3.5 TectupoBaHue CHCTEMBI

B  wnavane  mpomecca  TecTUpoBaHUS ~ HEOOXonuMO  chOPMHUPOBATH
CTPYKTYPUPOBAHHBIN IUIaH HPOBEPOK. IJTO MO3BOJIMUT IOCIEAOBATEIBHO OLICHUTH
KOPPEKTHOCTh PabOThI BCEX y3JI0B CUCTEMBI. B paMkax MCHBITAHUI BBIICIIEHBI YETHIPE
OCHOBHBIX 3Tana. Ha mepBoM srtame mpoBepseTcs HaAE&KHOCTbh CUCTEMbl BaIUAALMH
II0JI30BATEJILCKOTO BBOJIA ITPU HACTPOMKE NapaMeTpoB coeauHenus. Ha BTopom srare
TECTUPYETCS] CIOCOOHOCTh MPWJIOKEHUS YCTaHABIMBATh CBA3b C allapaTHOM
wiatpopMoit M cosnaBath JokanbHyro bJl. Tpetuit stam BKIIOYaeT MNPOBEPKY
aIrOpUTMOB OOMEHa KOMaHJaMU U KOPPEKTHOCTh OOpAaOOTKU MOIyYaeMBbIX JaHHBIX.
UeTBEpThI OdTall HAIpaBICH Ha MOATBEPKIACHUE IEINOCTHOCTH COXPaHEHHOU
uHpopManuu B sHeprone3aBucumont namstu [1K. [Tnan TectupoBaHus npencTaBiceH B

tabauue 1.

Tabnuua 1 — [1nan TectupoBanus

Howmep srana | Onucanue npoBepKu O>xuyiaeMblil pe3yJIbTarT
| Banmpanus BBoga nmapaMeTpoB biokupoBka OyKB U 3HaKOB, BBIBOJ] OLTHOOK
2 Wuunmanuzanus cB3u U coznanue | OTKpeITHE TopTa U co3nanue (aiina b1
b/l
3 DyHKIMOHAIBHBIN Onpoc 1aT4uKOB | [lonydeHne JaHHBIX U BBIBOJ MX HA OKpaH
4 IIpoBepka XpaHEeHHUs TaHHbBIX 3anuck Beex usmepeHui B b/

Ha wnavanpHOM cTagum 3amycka KIMEHTCKOTO MPHUJIOKEHUS TPOBEPAETCS
YCTOMUYHUBOCTh ITPOTPAMMBI K HEKOPPEKTHBIM JCHCTBUAM I0JIb30BATEIsl COTJIACHO
NEpBOMY TIYHKTY IUIaHa. AJITOPUTM BBOJA MapaMETPOB COCIUHEHHUS OCHAIIEH
MPOTrpaMMHBIMU  (PHIIbTpaMu, OJOKUPYIOIIMMHA HEYHCIIOBBIE CHMBOJIBI W 3HAYCHHUS,
BBIXOJISIIIINE 32 JOIYCTUMBIE TIpe/Iebl KOHPUTyparuu nopta. Peakuust mpuiioxeHus Ha
BBOJI OTPULIATEIBHBIX YUCEI, YPE3MEPHO IJIMHHBIX CTPOK M MOMBITKY MOJKIIOUYCHUS K

HECYLIECTBYIOIIEMY KOMMYHHMKAallHOHHOMY ITOPTY NPEACTABICHA HA PUCYHKE 55.
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C:\Users\Makcum\source\repa X + v

Hammnte ESC pgna 3aBepuweHus paboThl
Beegute Homep COM-noprta: -5
—-> Ouwubka: BeepgeHn HepgonycTuMbie cumeonbl. [lomanyiicTa, BEeguTe TONbKO LUuUbpb.

Beegute Homep COM-nopta: 5
Beegute ckopocTtb UART: -115200
—-> Ouwubka: BeepgeHn HeponycTuMbie cuMmeonbl. [owanyiicTa, BEeguTe TONbKO UUbphI.

Beegute Homep COM-noprta: 5
Beegute ckopocTb UART: 9999999999999999999
—> Ownbka: BeepeHo cnuukom 60nblioe 3HAYEHWE [N CKOPOCTMH.

Beegute Homep COM-nopta: 7
Beegute ckopoctb UART: 115200
—> Ouwnbka: He ypanocb nopgknkwyntbcd K COM7. Bo3MOMHO, OH OTK/IWYEH WM 3aHAT.

Beegute Homep COM—nopTa:|

Pucynox 55 — IIpoBepka Banuganuu BBoJa U1 00pabOTKH OLIMOOK

BTOpOﬁ 9Tall TCCTUPOBAHUA MOCBSAIIEH IIPOBCPKEC HCpBH‘{HOﬁ HMHHUIIWAaJIN3alln

cuctemsl. [locne BBOJ[@ BCPHBIX IIApaMCTPOB IIpOrpaMmMa AOJDKHA 3aXBATHTL IIOPT H

MOATOTOBUTH (DA IS 3alMCH PE3yJIbTaTOB U3MepeHui. [loaTBepkIeHre yCrenHoro

IIOAKIIOYCHHUA K IIOPTY Ha BaﬂaHHOﬁ CKOpPOCTH H COO6H_[€HI/I€ 00 aBTOMaTHYECKOM

co3nanuu ¢aina B/ npencrapiieHsl Ha pucyHke 56.

Beegute Homep COM-nopTta: 5
Beegute ckopoctb UART: 115200

VcnewHoe nopgknwyeHne K COM5 (CkopocTb: 115200)

baza pgaHHbIX ycrnewHo cozpaHa: sensors_data_20260506_175016.db
Hammute R gna Hadana pa6oThbl

|

Pucynok 56 — IToaTBepxkAeHUE YCTAHOBKU CBS3U U co31aHus BJ]

Ha Ttperbem sTame mpoBepsieTcss GyHKIIMOHATBHOCTh ompoca aaTdukoB. [locie

HaXaTuA KJIaBUIITN C6p0C3 B KOHCOJIb BBIBOAWTCA MCHIO YIIPABJICHUS W HIAIIKA Ta6JH/II_IBI.

PC3y.]'IBTaTBI IMOCJICAOBATCIBHOT'O BBIINMOJIHCHUA OJWHOYHBIX 3aIlIPpOCOB TCMIICPATYPHI,

JAaBJICHUS, BJIAKHOCTH W KOMIIJICKCHOI'O OIIpOCa BCEX MAaTYMKOB IPCACTABJICHLBI Ha

pUcyHKe 57.
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-—— Sensor Dashboard ---
Use buttons: 1 = Temperature, 2 = Pressure, 3 = Humidity, 4 = All, R = Reset

Time and

—F —F — F — + —

PI/ICYHOK 57 — BeinoyiHeHHne HU3MCPUTCIIbHBIX KOMAHI XU BBIBOJI Ta6JII/ILII>I JaHHBIX

3aBepIlaoliM STArlOM TECTUPOBAHUS SIBIISIETCA POBEPKAa pabOThI OICUCTEMBI
sHEproHe3zaBucuMoro xpaHenus. [locie 3aBepuieHust padoOThl porpamMMmel B padodeit
JUPEKTOPUM MOXKHO HaOII0AaTh CreHepupoBaHHbI (aitn. Hanuuue coznanHoro ¢aiina

b/l B KOpHEBOM Manke MpoeKTa MPEACTABIEHO HA PUCYHKE 58.

< = ) (@) J > -+ Makam > source > repos > Diplom PC > Mowuck e: Diplom_PC Q
® Cospate e (8] @D ® W N Coptuposats = MpocMoTpeTs (B Csepmenus
CKaHVpoBaHWa Vims far. U €p

Vs 02.03.2026 18:31 anka c Garinamy

@l Pa6ouwii cton Diplom
+ 3arpysku X4
i} Diplom.cpp 14 K
5 JlokymeHTb!
Qu Diplomsin

PR Vzo6paxenns
[) Diplom.vexproj
W Mysbika

B Diplom.vexproj filters

{4 Buneo

@ Diplom.vcxproj.user 02.03.2026 18:31 Per-User Project O.
[

AvnnomHas pabota

sensors_data_20260506_175016.db 06.05.2026 17:53 Data Base File 8 Kb
Diplom.PG [ sqlite3.c
CHMMKM 3KpaHa [ sqlite3.h
Hosas nanka
dnemeHTOB: 11 BoibpaH 1 3nemenT: 8,00 Kb =

Pucynox 58 — Jlupexkropus npoekra ¢ daitiom b/

Jlnst  TpoOBEepKH  MEIOCTHOCTH  COXpaHEHHOW WH(POpPMAIUA MPUMEHSETCS
crenumanuzupoBanHoe 110. Ananu3 b/l moarsepxaaer COOTBETCTBUE TUIIOB JAHHBIX U
3allMCaHHBIX 3HAYEHUN pe3yibTaTaM B KOHcoJIu TepmuHana. ConaepKumoe

chopmupoBanHoil B/l ¢ pe3ynpTaTamMu U3MepeHuil MpeCTaBIeHO Ha pUCYHKE S9.
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2 DB Browser for SQLite - C:\Users\Makcum\source\repos\Diplom_PC\sensors_data_20260506_175016.db = a X
®aitn  PefaktupoBatve Bua  MHCTpyMeHTbl  CripaBka
pNew Database & Open Datz-)basev 3anucatb U3MeHeHus OTMEHUTD U3MEHEHUs Undo 2 Open Project [=]Save Project @ NpykpenuTL Bl
Database Structure ~ Browse Data  Edit Pragmas  Execute SQL Pepaktvposaue aueiikv b/l & X
Tabnuua: || SensorLog 3@ =1 b_‘) - » Filte Pexum: Texct X @ e jJ % led o 1;1
1
RequestNum DateTime Temperature(C)  Pressure(Pa)  Humidity(%)
|ounsp | ounsmp | ounsp | ownep | ounerp |
1 001 17:52:16 06.05.26 22 0.0 0.0
2 002 7 6.05.26 0.0 98737 0.0
3 003 142 06.05.26 0 0 39.0
4 004 17:52:48 06.05.26 22 98726 35.0 | Editing row=1, column=0 n
Type: Text / Numeric; Size: 1 character(s)
Cxema b4 & X
Ums Tun Cxema
v L1 Tabnmuei (1);
v SensorLog CREATE TABLE SensorlLog (Requesth
2 RequestNu... TEXT "RequestNum" TEXT
.| DateTime TEXT "DateTime" TEXT
[0 Temperat... REAL "Temperature(C)" REAL
| Pressure(Pa) REAL "Pressure(Pa)" REAL
[ Humidity(... REAL "Humidity(%)" REAL

M d41-40f4 > M

WHpexcol (0)
Mpeacrasnenus (0)
(] Tpurrepbt (0)

Nepeimk: 1

XKypHan SQL rpadmk Cxema Bl

Pucynoxk 59 — Conepxumoe b1

YaaneHHblit cepsep

Ananuz IMOJIYUYCHHBIX JAaHHBIX IIOATBCPIKAACT IIOJIHYIO pa6OTOCHOCO6HOCTB

ICIIOYKHU IICpCaauIn I/IH(l)OpMa]_II/II/I U KOPPCKTHOCTD aJITOPUTMOB ITapCHHIA. HpI/IJ'IO)KGHI/Ie

YCIICHIHO BBIITOJIHACT 06pa60TI<y JaHHBIX W paclpeacsiCT N3MCPCHHBIC BCIIMYWHBI 110

cooTBeTcTBYOIMM  ctojbmam  BJ[.  Pe3synpTaThl  MpOBEAEHHBIX  WCIBITAHUM
MPE/ICTABICHBI B TAONIHULIE 2.
Tabnuua 2 — Pe3ynbraThl TECTUPOBAHUS
Howmep stana | Onucanne nposepku | OxunaeMslii DakTHYECKUI Craryc
pe3yJIbTarT pe3yJIbTarT
1 Bamunamuss  BBona | biiokupoBka OykB u | HexoppekTHblii  BBOA | YcmemrHo
apamMeTpoB 3HAKOB, BBIBOJ] | YCHEIIHO 3a0J10KHPOBaH
omn0oK
2 Nuannmanusanus OtkpeiTne nopra u | CA3b ycTaHoBieHa, b/l | ¥YcneniHo
cBsi3u ¥ co3nanue b/l | cozmanue daiina B/l | co3nana
3 O yHKIMOHAIBHBIN Ilonyyenue naHHbIX | [laHHBIE [OJIY4YEHBl U | YCHELIHO
ONpOC AATYUKOB Y BBIBOJ X Ha DKPaH | KOPPEKTHO  BBIBEICHBI
Ha DKpaH
4 IIpoBepka xpaHeHus | 3anuch Bcex | Mndopmanus ycrnemso | YcnemHo
JaHHBIX usmepenuii B b1 coxpaHeHa B Qailse
JIucr
Ty 1.090301.35.001 I13 0
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4 be3onmacHOCTD KU3HeAeTEeJIbLHOCTH

[lpy »sKcrulyaTanuu CHUCTEMBI OIIpoca JaTYMKOB HEOOXOJUMO COOJIIOATh
KOMIUIEKC Me€p, HallpaBJIEHHBIX Ha oOecreueHue Oe30MacHOCTH IOJb30BaTeNsd U

COXpaHeHHe paboTOCIIOCOOHOCTH 000PYIOBAHMS.
4.1 IlpaBuia 0e3onacHOCTH NpU Ucnoab3osanuu K

B cootBerctBun ¢ 'OCT 12.1.019-2017 snextpobe3omacHOCTh Mpu padboTe ¢
BBIYMCIIUTEILHON TEXHUKOM oOecreunBaeTcs MyTEM 0053aTeIbHOTO  3al[UTHOTO
3azeMiieHUs1 000pyoBaHus. [Iutanue cucteMHoro 0Ji0ka U nepudepuiiHbIX yCTPOMCTB
OCYILIECTBIISIETCA OT CETU MEPEMEHHOTr0 ToKa HarpsbkeHnem 220 B. [ToakiroueHue Bcex
KOMIIOHEHTOB CHUCTEMBI JOJDKHO TPOU3BOJUTHCA YEPE3 PO3ETKU C 3a3€MIIAIOIIMM
KOHTAKTOM, COCAMHEHHBIM C BHEIITHUM KOHTYPOM 3a3€MJICHUS.

TpebGoBanus k opranuzainuu padouero mecta ¢ [1IK pernmameHTHpyIOTCS €IMHBIM
crangaprom ['OCT P 50923-96. CornacHo JaHHOMY HOPMAaTMBHOMY JTOKYMEHTY,
pabouee TPOCTPAHCTBO JOHKHO OBITh OPraHU30BAaHO C Y4YE€TOM MHUHHUMM3AIUU
CTaTUYECKOTO HANpPsHKEHUS MBI I[IeWHO-TUIeYeBOM 00JIaCTM W CHUHBL. JKpaH
MOHHUTOpA CIEAYET Pacroliaratb Ha ONTUMAIBHOM paccTosiHur oT 600 mo 700 MM oT
ria3 mois3oBarelnss. OCBEMEHHOCTh paboueil MOBEPXHOCTH CTOJAa JIODKHA OBITh
paBHOMepHOM U cocTaBisATh OT 300 mo 500 5k, mpu 3TOM 000pPY0BAaHUE HEOOXOIUMO
pasmeniaTh NEPHEHIUKYISIPHO MCTOYHUKAM E€CTECTBEHHOTO CBETA [JIsi MCKIHOYEHUS
MOSIBJICHUST MEIIAOMINX OJTMKOB.

[Ipn »skcrulyataud TEXHUKM KaTETOPUYECKH 3amlpeliaeTcss HUCHO0JIb30BaTh
COCIMHUTEIIbHBIE KaOelu ¢ BUAUMBIMH TMOBPEKACHUSIMHU U30JISIIUN HIIM HEUCITPABHBIC
pa3bémbl. He pomyckaercss OrpaHMYeHHE JOCTYNMa BO3AyXa K BEHTHJISLIMOHHBIM
OTBEPCTHUSIM CHUCTEMHOro ©Oyioka u MoHuTopa. CoOnrofgeHre YCTaHOBJICHHBIX
HOPMATHBHBIX MPABWJI IMTO3BOJIIET 00ECIIEYNTh O€30IaCHbIE YCIOBUS TPYA U COXPAHUTH
paboTOCIOCOOHOCTh TEXHHUYECKHX CpeAcTB B mpouecce paszpadorku [10  wumm

HCIIONIb30BaHus yxe rorosoro [10.
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4.2 HpaBn.ﬂa 0€e30IaCHOCTH IIPpH UCII0Jb30BAHHUU CTCHAA

B cootBerctBun ¢ TpeboBanusmu ['OCT 12.1.019-2017 onacHbiMu i
paboTaroIIero MepcoHalia CYUTAIOTCS IEKTPUUYECKHUE CUCTEMBI C HAMPSXKEHUEM OoJiee
36 B nocrosinHOrO TOKa. [luTanne MakeTHOM IJIaThl U BCEX MOJKIIOYEHHBIX MOJYJIEH
JTATYMKOB OCYUIIECTBIISIETCS yepe3 cTanaapTHbIi kadbenb USB ot cucremuoro 6soka I[TK
C MakCHUMaJIbHbIM  HamnpsbkeHueM S5 B.  JlaHHBI  ypOBEHb  HaNPSKEHUSA
KJaccu(puIupyeTcss Kak aOCONIOTHO O€30MacHbli M HE NPEACTaBISET YIPO3bI
MOpaXXEHUs NEKTpUIecKuM TokoM. Crie10BaTeNbHO, KCIUTyaTalys CTeH1a He TpeOyer
OpraHu3aliid CICIUATU3UPOBAHHOTO 3a3€MJICHUS CaMOW IUIaThl WA TPUMEHEHHUS
JOTIOJTHUTEIIBHBIX CPEICTB HHANBHUIYATBHOM 3aIIUTHI OT MOPAXKEHUSI TOKOM.

HecMoTpst Ha 31eKTpoOE30MacHOCTh YCTPOMCTBA JJisi 4YEJIOBEKa, OTKPBITHIE
AJIEKTPOHHBIE KOMIIOHEHTHI CT€HAa O00JIaal0T BBICOKOM UYYBCTBUTEIBHOCTBIO K
anekTpocrarnyeckum pazpsiaam. Cornacno oomum tpedoBanusim ['OCT [IEC 61340-5-
1-2019 nns npenotBpaienus npoodost Mukpoctpykryp [IJIMC u gaTunkoB HEOOXOUMO
coOJifoaTh MpaBWjia 3alllUThl YYBCTBUTEJBHBIX JJIEKTPOHHBIX YCTPOUCTB. PaboTy ¢
OTJIaJOYHOM IJIATOM CIEAYET MPOBOJUTH HA POBHOU AUAJIEKTPUYECKON TOBEPXHOCTH, &
nepen NOpsiMbIM KAaCaHMEM KOHTAKTOB WJIM MHUKPOCXEM PEKOMEHIYETCS CHATh
HAKOIUICHHBIM CTATUYECKUM 3apsil.

[lepen momauelt HampspKEHHWs Ha CTEHJA TpeOyeTcs MPOBOJUTH 00sS3aTeNbHBIN
BU3YaJIbHBII OCMOTP YCTPOMCTBA Ha NPEAMET OTCYTCTBUSI ~MEXAHUYECKUX
MOBPEXKICHUM, NePEKTOB H3OJAIUN COCAMHHUTEIBHBIX MPOBOJOB W  HAJIUYUS
MOCTOPOHHUX TOKOMPOBOJAIIUX TMPEIAMETOB Ha I1uiate. JIroOble H3MEHEHHUS B
amnmapaTtHOM KoH(UTypauuu CTEeHHa, BKIOYas moakiatoueHue uHtepdeiico 12C u
UART, 3ameHy HAaTYUKOB WM NEPENOAKIIOUYECHHE CHUTHAIBHBIX JIMHUM, JIOJKHBI
MPOU3BOJIUTHCS HUCKIIOUUTEIBHO TPU (PU3NYECKH OTKJIIOUCHHOM Kalese MUTaHUS.
Crporoe coOmio/ieHMe OMHMCAaHHBIX TPaBUJI TapaHTUpPyeT OEe30MacHOCTh |
MPEIOTBPAIIAET PUCK KOPOTKOTO 3aMbIKAHHS WJIM BBIXOJA U3 CTPOS AIlllapaTHOM 4acTH

IPOEKTA.
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3aK/JII0YeHne

B Xxoze BBINOSHEHUs BBITYCKHON padOThl ObUT YCHEIIHO CHPOEKTHPOBAH M
peanu3oBaH MPOTrpaMMHO-aNNapaTHBId  KOMIUIEKC It cOopa, oO0paboTku U
JIOJITOBPEMEHHOI'O0 XPAaHEHUs JAHHBIX C JATYMKOB. Pa3paOoTaHHBIN CTEH]I MO3BOJSIET
00ecIreynTh BCce OCHOBHBIE (DYHKIMU, IPEICTABICHHbBIE B HA3HAYEHUU.

B pamkax mpoekTta OblUia cO3/1aHa OTKAa30yCTOMYMBAs arrapaTHasi apXUTEKTypa
Ha 0a3ze IIJIMC, obecnieunBaromas CHHXpOHHU3ALUIO MTPOLIECCOB U ONMPOC JTATYUKOB IO
untepdeiicy [12C. Hanucannoe s [1K xnmentckoe I1O ycmemHo pemraer 3anayu
npuéma nanHbix 10 uHTepdeiicy UART, maremartnueckodt mnoctoOpabOTKU W
HaJEKHOTO COXPAaHEeHHUsI TaHHbIX B JIokanbHOU B/l SQLite.

3aoKeHHask ApXUTEKTypa IPOrpaMMHOIO U aIlapaTHOro 00eCcIeueHus SBIAETCS
ruOKo HacTpauBaeMou U Maciradbupyemoit. Microsib3oBaHre MOy IbHOTO MOAX0a MPU
Hamncanun VHDL-koma wu normyeckoe pasaeneHue IpOLECCOB B KIMEHTCKOM
NPUWIOKEHUM TO3BOJISIIOT  ONEPATUBHO HW3MEHATH MapaMeTpbl CUCTEMbl WU
MHTErPUPOBATH HOBBIE JATYMKU MTPU U3MEHEHUHU MTOCTABICHHOM 3a/1a4u.

[IpoBen€HHOE KOMIUIEKCHOE TECTUPOBAHKUE MOATBEPAUIIO BBICOKYIO Ha/IEKHOCTh
anropuTMa BamuAalMu U oOmeHa uH(opmaruen. Pa3zpaboTaHHBIN CTEHJ SBISETCS
YAOOHBIM, TPAKTUYHBIM U 0€30MAaCHBIM PEIICHHUEM U MOXKET MPUMEHSATHCS B IIUPOKOM

INEPCYHC CUCTCM B 3aBUCHUMOCTHU OT ueneﬁ.
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Ipunoxkenue A

(o0s13aTesIbHOE)

Cucrema onpoca gatunkoB 1o unrepdeticy 12C ¢ nepenaueii nanusix no UART u

3aHeceHueM B 0a3y gaHHbIX SQLite

UML-nnarpamMmsl

Wsm.
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[Tpunoxenue A.1 — UML-nuarpamma nocieoBaTenbHOCTEN

[Tonp3oBaTenp

IIK

[JIMC

JaTuuku

A 4

3alyCK 1 IpOI p‘(\“ Mbl

0ToOpasKkeHne KOHCOIH ¢
sanpocom eeetH COM-nopt

ssoa COM-nopTa

3anpoc BBCCTH CKOPOCTh
< unrepdeiica U/

BROJL, ckopocTH UAR'T

COODNICHNE 00 YCHCHIHOM
MOIKIIOYENTHN 1 00 YCIIEMIIOM
< cozzanun b/l

cosaanue bJ1

B/l

A 4

loop J

copoc/mepesarpyska | |

nporpammel Ha LJIMC (R)
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[Tpunoxenue A.2 — UML-nuarpamMmma npereieHToB
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[Tpunoxenue A.3 — UML-nuarpamma AesiTebHOCTH

3ampoc Ha BBO
COM-nopta

Beeaén BepHblii

[Her] [ Owndka BBOAA
COM-nopt? l COM-nopra

[/laHHble KOPPEKTHbI]

3anpoc Ha BBOJL CKOPOCTH
nHTepQetica UART

Beeaena nomyctumas
ckopocth UART?

Cosnanue bJ{

[Her] [ Owno6ka BBOMA
| cxopoctn UART
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[Tpunoxenue B.1 — Jluctunr 1O pus [IJIMC

daiin top.vhd

library ieee;
use leee.std logic 1164.all;
use leee.numeric std.all;

entity top is
generic (
CLK FREQ
BAUD RATE
I2C RATE
USE_PARITY
EVEN PARITY

) ;

port (

) ;

clk

button rst

rx serial
tx serial

scl
sda

rtc_sclk

rtc ce
rtc io

end top;

integer
integer
integer
boolean
boolean

:= 50 000 000;

115 200;

:= 400 000;

false;
= false

in std logic;
in std logic;

in std logic;
out std logic;

inout std
inout std

out std
out std
inout std

logic;
logic;

logic;
logic;
logic

architecture Behavioral of top is

signal rst
signal button rstl

signal t rx data
signal t tx data
signal t rx done

signal t tx start

signal t tx busy

begin

button reset proc

begin

if rising edge (clk)

std logic;

std logic;

std logic vector (7 downto 0);
std logic vector (7 downto 0);
std logic;
std logic;
std logic;

process

(clk)

then

button rstl <= button rst;
rst <= not button rstl;

end 1if;

end process button reset proc;
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uart inst : entity work.uart

generic map (

CLK_FREQ =
BAUD RATE =
USE_PARITY =
=> EVEN_ PARITY

EVEN PARITY

> CLK FREQ,
> BAUD RATE,
> USE_PARITY,

)

port map (
clk => clk,
rst => rst,

rx serial => rx serial,
tx serial => tx serial,

rx data => t rx data,
rx_done => t rx done,

tx start => t tx start,

tx data => t tx data,
tx busy => t tx busy
) 7
control inst : entity work.control

generic map (
CLK FREQ => CLK FREQ,
I2C RATE => I2C RATE

)

port map (
clk =>
rst =>
con_rx data =>
con _rx done =>
con_tx data =>

con tx start =>
con_tx busy =>

scl =>
sda =>
rtc _sclk =>
rtc_ce =>
rtc_io =>
) ;
end Behavioral;
®daiin vart.vhd

library ieee;

clk,
rst,

t rx data,
t rx done,

t tx data,
t tx start,
t tx busy,

scl,
sda,

rtc sclk,
rtc_ce,
rtc_io
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use leee.std logic 11l64.all;

use leee.numeric std.all

entity uart is

.
4

generic (
CLK FREQ integer;
BAUD RATE integer;
USE PARITY boolean;
EVEN PARITY boolean
);
port (
clk : in std logic;
rst : in std logic;
rx _serial : in std logic;
tx serial : out std logic;
rx _data : out std logic vector (7 downto 0);
rx_done : out std logic;
tx start : in std logic;
tx data : in std logic vector (7 downto 0);
tx busy : out std logic

) ;

end uart;
architecture Behavioral
begin

uart rx inst entit
generic map (
CLK_FREQ
BAUD RATE
USE_PARITY
EVEN PARITY
)

port map (
clk =>
rst =>

rx_serial =>
rx data =>
rx_done =>

) ;

uart tx inst entit
generic map (
CLK_FREQ
BAUD RATE
USE PARITY

of uart is

y work.uart rx

=> CLK_FREQ,
=> BAUD RATE,
=> USE PARITY,
=> EVEN PARITY

clk,
rst,

rx_serial,
rx data,
rx_done

y work.uart tx

=> CLK_FREQ,
=> BAUD RATE,
=> USE_PARITY,
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EVEN PARITY => EVEN PARITY
)

port map (
clk => clk,
rst => rst,

tx serial => tx serial,
tx start => tx start,
tx data => tx data,
tx busy => tx busy

) ;

end Behavioral;

®aitn vart_rx.vhd

library ieee;

use ieee.std logic 11l64.all;
use leee.numeric std.all;
use ieee.std logic misc.all;

entity uart rx is

generic (
CLK FREQ : integer;
BAUD RATE : integer;
USE PARITY : boolean;

EVEN PARITY : boolean
) ;

port (
clk : in std logic;
rst : in std logic;
rx _serial : in std logic;
rx data : out std logic vector (7 downto 0);
rx _done : out std logic

) ;

end uart rx;
architecture Behavioral of uart rx is
constant BAUD_DIV : integer := CLK_FREQ / BAUD_RATE

constant SAMPLE TIME : integer BAUD DIV / 2;
type rx state t is (IDLE, START, DATA, PARITY, STOP);

signal state : rx state t := IDLE;
signal baud cnt : integer range 0 to BAUD DIV :=
signal bit idx : integer range 0 to 7 := 0;
signal shift reg : std logic vector (7 downto 0) :=
=> '0");
signal parity bit : std logic;
begin

4

0;

(others
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process (clk)
begin
if rising edge (clk) then
if rst = '1l' then
state <= IDLE;
baud cnt <= 0;
bit idx <= 0;
shift reg <= (others => '0"');
rx done <= '0';
rx data <= (others => '0");
parity bit <= '0';
else
rx done <= '0';
parity bit <= '0';
case state is
when IDLE =>
if rx serial = '0O' then
baud cnt <= 0;
state <= START;
end if;
when START =>
if baud cnt = SAMPLE TIME - 1 then
baud cnt <= 0;
if rx serial = '0O' then
bit idx <= 0;
state <= DATA;
shift reg <= (others => '0'");
else
state <= IDLE;
end if;
else
baud cnt <= baud cnt + 1;
end if;
when DATA =>
if baud cnt = BAUD DIV - 1 then
baud cnt <= 0;
shift reg(bit idx) <= rx serial;
if bit idx = 7 then
if USE PARITY then
state <= PARITY;
else
state <= STOP;
end if;
else
bit idx <= bit idx + 1;
end if;
else
baud cnt <= baud cnt + 1;
end if;
Jluct
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when PARITY =>
if baud cnt = BAUD DIV - 1 then
baud cnt <= 0;
parity bit <= rx serial;
if EVEN PARITY then
if parity bit /= not
xor reduce (shift reg) then
state <= IDLE;
end if;
else
if parity bit /=
xor reduce (shift reg) then
state <= IDLE;

end if;
end if;
state <= STOP;
else
baud cnt <= baud cnt + 1;
end if;

when STOP =>
if baud cnt = BAUD DIV - 1 then
baud cnt <= 0;
if rx serial = 'l' then
rx data <= shift reg;
rx done <= '1"';
state <= IDLE;
else
state <= IDLE;
end if;
else
baud cnt <= baud cnt + 1;
end if;

when others =>
state <= IDLE;
end case;

end if;
end if;
end process;

end Behavioral;

®aiin vart_tx.vhd

library ieee;

use leee.std logic 1164.all;
use leee.numeric std.all;
use leee.std logic misc.all;
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entity uart tx is

generic (
CLK FREQ : integer;
BAUD RATE : integer;
USE PARITY : boolean;

EVEN PARITY : boolean
) ;

port (
clk : in std logic;
rst : in std logic;
tx serial : out std logic;
tx start : in std logic;
tx data : in std logic vector (7 downto 0);
tx busy : out std logic

) ;

end uart tx;

architecture Behavioral of uart tx is

constant BAUD DIV : integer := CLK FREQ / BAUD RATE;
type tx state t is (IDLE, START, DATA, PARITY, STOP);
signal state : tx state t := IDLE;

signal baud cnt : integer range 0 to BAUD DIV := 0;
signal bit idx : integer range 0 to 7 := 0;

signal parity bit : std logic;
begin

process (clk)
variable p : std logic;
begin
if rising edge(clk) then
if rst = '1l' then
state <= IDLE;
baud cnt <= 0;
bit idx <= 0;
tx serial <= 'l1l";
tx busy <= '0';
parity bit <= '0';
else
case state is
when IDLE =>
tx serial <= '1l";
tx busy <= '0';
parity bit <= '0';
if tx start = 'l' then
p := xor reduce(tx data);
if EVEN PARITY then
parity bit <= p;
else

JIuct
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parity bit <= not p;
end if;
baud cnt <= 0;
bit idx <= 0;
tx busy <= '1"';
state <= START;
end 1f;

when START =>

tx serial <= '0';

if baud cnt = BAUD DIV - 1 then
baud cnt <= 0;
tx serial <= tx data(0);
state <= DATA;

else
baud cnt <= baud cnt + 1;

end 1if;

when DATA =>
if baud cnt = BAUD DIV - 1 then
baud cnt <= 0;
if bit idx = 7 then
if USE PARITY then
tx serial <= parity bit;
state <= PARITY;

else
tx serial <= 'l1l";
state <= STOP;
end if;
else

bit idx <= bit idx + 1;
tx serial <= tx data(bit idx + 1);

end if;
else

baud cnt <= baud cnt + 1;
end if;

when PARITY =>
if baud cnt = BAUD DIV - 1 then
baud cnt <= 0;
tx serial <= 'l1l";
state <= STOP;
else
baud cnt <= baud cnt + 1;
end if;

when STOP =>
if baud cnt = BAUD DIV - 1 then
baud cnt <= 0;
tx busy <= '0';
state <= IDLE;

JIuct

II'Y 1.090301.35.001 I13

Wsm.

JIuct

No nokym.

Tlommmcs | Jlata

90




else
baud cnt <= baud cnt + 1;
end 1if;

when others =>
state <= IDLE;
end case;

end 1f;
end 1f;
end process;

end Behavioral;

®daiin control.vhd

library ieee;
use ieee.std logic 11l64.all;
use leee.numeric std.all;

entity control is
generic (
CLK FREQ : integer;
I2C RATE : integer
) ;

port (
clk : in std logic;
rst : in std logic;
con rx data : in std logic vector (7 downto 0);
con rx done : in std logic;
con _tx busy : in std logic;
con_tx data : out std logic vector (7 downto 0);
con_tx start : out std logic;
scl : inout std logic;
sda : inout std logic;
rtc_sclk : out std logic;
rtc_ce : out std logic;
rtc_io : inout std logic

) ;

end control;

architecture Behavioral of control is

signal con start send : std logic;
signal con_ temp req : std logic;
signal con pres req : std logic;
signal con_hum req : std logic;
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signal con_all req

signal output tx data
signal output tx start

signal sensor tx data
signal sensor tx start

signal rst combined

begin

std logic;

std logic vector (7 downto 0);
std logic;

std logic vector (7 downto 0);
std logic;

std logic;

button handler inst

entity work.button handler

port map (
clk => clk,
rst => rst,
bh rx data => con_rx data,
bh rx done => con_rx done,

bh start send =>

bh temp reqg =>
bh pres reqg =>
bh hum reqg =>
bh all reg =>

) ;

output text inst

port map (
clk =>
rst =>

ot start send =>

ot tx busy =>

ot tx data =>

ot tx start =>
):

con_ start send,
con temp req,
con_pres req,
con hum req,
con all req

entity work.output text

clk,
rst,

con_start send,
con_tx busy,

output tx data,
output tx start

rst combined <= rst or con start send;

sensor controller inst
generic map (

entity work.sensor controller

CLK_FREQ => CLK_FREQ,
I2C_RATE => I2C RATE

)

port map (
clk => clk,
rst => rst combined,
temp req => con_ temp req,
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pres req =>
hum reqg =>
all reqg =>

sc_tx busy =>
sc_tx data =>
sc_tx start =>

scl =>
sda =>

rtc_sclk =>
rtc ce =>
rtc io =>

) ;

process (clk)
begin

if rising edge (clk)

con _pres req,
con hum req,
con all req,

con_ tx busy,
sensor tx data,
sensor tx start,

scl,
sda,

rtc_sclk,

rtc ce,
rtc io

then

if rst = '1l' then
con tx data <= (others => '0');
con tx start <= '0';

else

if sensor tx start = 'l' then
con tx data <= sensor tx data;
con tx start <= 'l1';
elsif output tx start = 'l' then
con_tx data <= output tx data;
con tx start <= 'l1';
else
con tx start <= '0';
end 1if;
end 1if;
end 1f;
end process;

end Behavioral;

®aiin button handler.vhd

library ieee;
use leee.std logic 11l64.all;
use leee.numeric std.all;

entity button handler is

port (
clk : in std logic;
rst : in std logic;
bh rx data : in std logic vector (7 downto 0);
bh rx done : in std logic;
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bh start send : out std logic;

bh temp reg : out std logic;
bh pres reg : out std logic;
bh hum req : out std logic;
bh all req : out std logic

) ;
end button handler;

architecture Behavioral of button handler is
begin

process (clk)
variable cmd : character;
begin
if rising edge (clk) then
if rst = '1l' then
bh start send <= '0';
bh temp req <= '0';
bh pres req <= '0';
bh hum req <= '0';
bh all req <= '0';
else
bh start send <= '0"';
bh temp req <= '0';
bh pres req <= '0';
bh hum reqg <= '0';
bh all reqg <= '0';

if bh rx done = 'l' then
cmd =
character'val (to integer (unsigned(bh rx data)));

case cmd 1is
when '1' =>
bh temp reqg <= '1";

when '2' =>
bh pres req <= '1";

when '3' =>
bh hum req <= '1';

when '4' =>
bh all reg <= '1"';

when 'r' | 'R' =>
bh start send <= '1'";
bh temp req <= '0';
bh pres req <= '0';
bh hum req <= '0';
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en

bh all req <= '0';

when others =>
NULL;
end case;

end 1f;
end if;
end 1f;
end process;

d Behavioral;

®aiin output text.vhd

library ieee;

us
us

en

en

ar

e leee.std logic 1164.all;
e leee.numeric std.all;
tity output text is
port (
clk : in std logic;
rst : in std logic;

ot start send : in std logic;

ot tx busy : in  std logic;
ot tx data : out std logic vector (7 downto 0);
ot tx start : out std logic

) ;
d output text;

chitecture Behavioral of output text is

constant MENU TEXT : string := "--- Sensor Dashboard ---" &

CR & LF & "Use buttons: 1 = Temperature, 2 = Pressure, 3 = Humidity,

4 = All, R = Reset" & CR & LF & CR & LF;

constant TABLE HEADER : string := "| No. | Time and Date |
Temperature (C) | Pressure (Pa) | Humidity (%) |" & CR & LF & "+--—-
e o o o ——

type state t is (IDLE, PRINT MENU, PRINT HEADER, WAIT BUSY);

signal state : state t := IDLE;
signal next state after wait : state t := IDLE;
signal text index : natural range 0 to

TABLE HEADER'length;

begin
process (clk)
begin
Jluct
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if rising edge(clk) then
if rst = '1l' then
state <= PRINT MENU;
text index <= 1;
ot tx start <= '0';
else
ot tx start <= '0';

case state 1is
when IDLE =>
if ot start send = 'l' then
state <= PRINT MENU;
text index <= 1;
end 1if;

when PRINT MENU =>
if ot tx busy = '0' then
if text index <= MENU TEXT'length then
ot tx data <=
std logic vector (to unsigned(character'pos (MENU TEXT (text index)),
8));
ot tx start <= '1";
text index <= text index + 1;
next state after wait <= PRINT MENU;
state <= WAIT BUSY;
else
state <= PRINT HEADER;
text index <= 1;
end 1f;
end if;

when PRINT HEADER =>
if ot tx busy = '0' then
if text index <= TABLE HEADER'length
then
ot tx data <=
std logic vector (to unsigned(character'pos (TABLE HEADER (text index))
, 8));
ot tx start <= 'l1';
text index <= text index + 1;
next state after wait <=
PRINT HEADER;
state <= WAIT BUSY;
else
state <= IDLE;
end if;
end if;

when WAIT BUSY =>
if ot tx busy = 'l' then
state <= next state after wait;
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end 1f;
end case;

end 1f;
end if;
end process;

end Behavioral;

daiin sensor controller.vhd

library ieee;
use leee.std logic 1164.all;
use leee.numeric std.all;

entity sensor controller is
generic (
CLK FREQ : integer;
I2C RATE : integer
)7

port (
clk : in std logic;
rst : in std logic;
temp req : in std logic;
pres req : in std logic;
hum reqg : in std logic;
all req : in std logic;
sc_tx busy : in std logic;
sc_tx data : out std logic vector (7 downto 0);
sc_tx start : out std logic;
scl : inout std logic;
sda : inout std logic;
rtc_sclk : out std logic;
rtc_ce : out std logic;
rtc_io : inout std logic

) ;

end sensor controller;
architecture Behavioral of sensor controller is

signal rtc reqg : std logic := '0'";

signal rtc ready : std logic;

signal r sec, r min, r hour, r day, r mon, r year
std logic vector (7 downto 0);

signal p sec, p min, p hour, p day, p mon, p year
std logic vector (7 downto 0);

signal bmp start : std logic := '0';
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signal
signal
signal

signal
signal
signal
signal

signal
signal
signal
signal

signal
signal
signal
signal
signal
signal
signal
signal
signal

signal
signal
signal
signal

signal
signal
signal
signal
signal
signal

signal
signal
signal
signal
signal
signal

bmp ready std logic := '0';

bmp cmd std logic vector (7 downto 0);

bmp res std logic vector (15 downto 0);

aht start std logic := '0"';

aht ready std logic := '0';

aht hum std logic vector (19 downto 0);

aht temp std logic vector (19 downto 0);
latched bmp pres std logic vector (15 downto
latched bmp temp std logic vector (15 downto
latched aht temp std logic vector (19 downto
latched aht hum std logic vector (19 downto
row cnt integer range 0 to 999 := 1;

req mask std logic vector (2 downto 0);
delay cnt integer range 0 to 100000 := 0;
calc int integer range 0 to 999;

math 32 unsigned (31 downto 0);

v_temp int integer;

space_cnt integer range 0 to 20;

rst n std logic;

line idx integer range 0 to 80 := 0;

sep 1dx integer range 0 to 6 := 1;

col idx integer range 0 to 3 := 1;

dot idx integer range 0 to 3 := 1;

spc_idx integer range 0 to 3 := 1;

aht i2c ena std logic;

aht i2c addr std logic vector (6 downto 0);
aht i2c rw std logic;

aht i2c data wr std logic vector (7 downto 0);
aht i2c data rd std logic vector (7 downto 0);
aht i2c busy std logic;

bmp i2c ena std logic;

bmp i2c_addr std logic vector (6 downto 0);
bmp i2c rw std logic;

bmp i2c data wr std logic vector (7 downto 0);
bmp i2c data rd std logic vector (7 downto 0);

bmp i2c busy

type state t is (
S _IDLE,

S_REQ RTC,
S_MEAS_AHT,

S_MEAS BMP TEMP CMD,

std logic;

S_WAIT RTC,
S_WAIT AHT,

S_MEAS BMP TEMP START,

o O O o
—_— — — —

Ne Ne N

~e

S_WAIT BMP TEMP,

Wsm.
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) ;

S_BMP DELAY,

S _MEAS BMP PRES CMD, S MEAS BMP PRES START,

S ROW 100, S ROW 10, S _ROW 1,

S PR _HOUR H, S PR HOUR L,
S PR MIN H, S PR MIN I,
S_PR_SEC_H, S PR SEC_ L,
S PR DAY H, S PR DAY I,
S PR MON H, S PR MON L,
S_PR_YEAR H, S PR YEAR L,

S_CHECK_ TEMP,
S_TEMP_ CALC,
S_TEMP_SIGN,

S TEMP 10, S TEMP 1,
S_TEMP C,

S CHECK PRES,

S _PRES H4, S PRES H3, S PRES H2, S PRES HI,
S _TEMP H4, S TEMP H3, S TEMP H2, S TEMP HI,

S_CHECK_HUM,

S_HUM CALC,

S_HUM 10, S HUM 1,
S_HUM PERC,

S CR, S_LF,

S_PRINT LINE, S_PRINT LINE WAIT,
S_SEP0O, S_SPCO,
S_WAIT TX_ BUSY,

S _SEPl, S _SEP2, S _SEP3,
S_COL,

S_SPC,

S_DOT,

S ALIGNMENT EMPTY, S ALIGNMENT EMPTY WATIT

S WAIT BMP PRES,

signal state : state t := S IDLE;

signal next state after wait : state t := S IDLE;

function to _dec char(val : integer) return std logic vector 1is

begin
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return std logic vector (to unsigned(48 + val, 8));
end function;

function to _hex(val : std logic vector (3 downto 0)) return
std logic vector 1is
begin

if unsigned(val) < 10 then
return std logic vector (to unsigned (48 +
to integer (unsigned(val)), 8));
else
return std logic vector (to unsigned (55 +
to integer (unsigned(val)), 8));
end 1if;
end function;

begin
rst n <= not rst;

i2c bus arbiter inst : entity work.iZc bus arbiter
generic map (

CLK_FREQ => CLK FREQ,

I2C RATE => I2C RATE
)

port map (
clk => clk,
rst n => rst n,
scl => scl,
sda => sda,
devl ena => aht i2c ena,
devl addr => aht i2c addr,
devl rw => aht i2c rw,

devl data wr => aht i2c data wr,
devl data rd => aht i2c data rd,
devl busy => aht i2c busy,
devl ack err => open,

dev2 ena => bmp i2c_ena,
dev2 addr => bmp i2c addr,
dev2 rw => bmp i2c rw,

dev2 data wr => bmp i2c data wr,
dev2 data rd => bmp i2c data rd,
dev2 busy => bmp i2c busy,
dev2 ack err => open

) ;

ds1302 driver inst : entity work.dsl302 driver
generic map (

CLK FREQ => CLK FREQ,

DS _RATE => I2C RATE
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)
port map (

clk =>
rst_n =>

read req =>
ready =>
O_sec =>
0 min =>
o _hour =>
o _day =>
O _mon =>
O _year =>

rtc _sclk =>
rtc ce =>
rtc io =>

) ;

aht2l driver inst

generic map (
CLK FREQ =>
I2C_RATE =>
)
port map (
clk
rst n

i2c_ena
i2c_addr
i2c_ rw

i2c _data wr
i2c data_ rd
i2c _busy

start meas

hum data

temp data

data ready
):

bmpl80 driver inst

generic map (
CLK_FREQ =>
I2C_RATE =>
)
port map (
clk
rst n

clk,
rst n,

rtc req,
rtc_ready,

r sec,
r min,
r hour,
r day,
r mon,
r year,

rtc sclk,
rtc ce,
rtc io

CLK_FREQ,
I2C RATE

=> clk,
=> rst n,

=> aht i2c ena,

=> aht i2c addr,

=> aht i2c rw,

=> aht i2c data wr,
=> aht i2c data rd,
=> aht i2c busy,

=> aht start,
=> aht hum,

=> aht temp,
=> aht ready

CLK_FREQ,
I2C_RATE

=> clk,
=> rst n,

entity work.aht2l driver

entity work.bmpl80 driver
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i2c_ena => bmp i2c ena,
i2c_addr => bmp i2c addr,
i2c rw => bmp i2c rw,

i2c data wr => bmp i2c data wr,
i2c data rd => bmp i2c data rd,

i2c busy => bmp i2c busy,
start meas => bmp start,
meas_cmd => bmp cmd,

data out => bmp res,

data ready => bmp ready
) ;

process (clk)
begin
if rising edge (clk) then
if rst = '1l' then
state <= S IDLE;
sc_tx start <= '0';
bmp start <= '0"';
aht start <= '0';
row _cnt <= 1;
rtc req <= '0"';
delay cnt <= 0;

sep idx <= 1;
col idx <= 1;
dot idx <= 1;
spc_idx <= 1;

else
sc_tx start <= '0';
bmp start <= '0';
aht start <= '0'";
rtc req <= '0"';

case state 1is
when S IDLE =>

req _mask <= "000";

if all req = '1l' then
req mask <= "111";
state <= S REQ RTC;

elsif temp req = 'l' then
req mask <= "001";
state <= S REQ RTC;

elsif pres req = 'l' then
req mask <= "010";
state <= S REQ RTC;

elsif hum req = 'l' then
req mask <= "100";
state <= S REQ RTC;

end if;
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when S REQ RTC =>
rtc req <= '1';
state <= S WAIT RTC;

when S WAIT RTC =>
if rtc ready = 'l' then
p _sec <= r sec;
p min <= r min;
p_hour <= r hour;
p day <= r day;
p_mon <= r mon;
p_year <= r year;

if req mask(0) = '1' or req mask(2)
'l1' then
state <= S MEAS AHT;
else
state <= S MEAS BMP TEMP CMD;
end if;
end if;

when S MEAS AHT =>
aht start <= '1";
state <= S WAIT AHT;

when S WAIT AHT =>
if aht ready = 'l' then
latched aht temp <= aht temp;
latched aht hum <= aht hum;
state <= S MEAS BMP TEMP CMD;
end if;

when S MEAS BMP TEMP CMD =>
if req mask(l) = 'l' then
bmp cmd <= x"2E";
state <= S MEAS BMP TEMP START;
else
state <= S _SEPO;

end 1if;

when S MEAS BMP TEMP START =>
bmp start <= '1"';
state <= S WAIT BMP TEMP;

when S WAIT BMP TEMP =>
if bmp ready = 'l' then
latched bmp temp <= bmp res;
delay cnt <= 0;
state <= S BMP DELAY;
end if;
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when S BMP DELAY =>
if delay cnt < 50000 then
delay cnt <= delay cnt + 1;
else
state <= S MEAS BMP PRES CMD;
end if;

when S MEAS BMP PRES CMD =>
bmp cmd <= x"34";
state <= S MEAS BMP PRES START;

when S MEAS BMP PRES START =>
bmp start <= '1"';
state <= S WAIT BMP PRES;

when S WAIT BMP PRES =>
if bmp ready = 'l' then
latched bmp pres <= bmp res;
state <= S SEPO;
end if;

when S SEP0 =>
if sc_tx busy = '0' then
sc_tx data <= x"T7C";
sc_tx start <= 'l';
next state after wait <= S SPCO;
state <= S WAIT TX BUSY;
end if;

when S SPCO =>
if sc_tx busy = '0' then
sc_tx data <= x"20";
sc_tx start <= '1';
next state after wait <= S ROW 100;
state <= S WAIT TX BUSY;
end if;

when S ROW 100 =>
calc _int <= row_cnt;
if sc tx busy = '0' then
sc_tx data <= to _dec char((row cnt/100)

rem 10);
sc_tx start <= 'l1';
next state after wait <= S ROW 10;
state <= S WAIT TX BUSY;
end if;
when S ROW 10 =>
if sc tx busy = '0' then
sc_tx data <= to dec char((calc int/10)
rem 10);
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10) 7

sc_tx start <= '1';
next state after wait <= S ROW 1;
state <= S WAIT TX BUSY;

end if;

when S ROW 1 =>

if sc_tx busy = '0' then
sc_tx data <= to dec char(calc int rem

sSc_tx start <= '1';
next state after wait <= S SEPI;
state <= S WAIT TX BUSY;

end 1if;

when S PR HOUR H =>

if sc tx busy = '0' then
sc_tx data <= to hex(p hour (7 downto

sc_tx start <= 'l"';
next state after wait <= S PR HOUR L;
state <= S WAIT TX BUSY;

end 1if;

when S PR HOUR L =>

if sc tx busy = '0' then
sc_tx data <= to hex(p hour (3 downto

sc_tx start <= '1';
next state after wait <= S COL;
state <= S WAIT TX BUSY;

end if;

when S PR MIN H =>

if sc tx busy = '0' then
sc_tx data <= to hex(p min(7 downto 4));
sc_tx start <= '1';
next state after wait <= S PR MIN L;
state <= S WAIT TX BUSY;

end if;

when S PR MIN L =>

if sc_tx busy = '0' then
sc_tx data <= to hex(p min(3 downto 0));
sc_tx start <= '1';
next state after wait <= S COL;
state <= S WAIT TX BUSY;
end if;

when S PR SEC H =>

if sc_tx busy = '0' then
sc_tx data <= to hex(p sec (7 downto 4));
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sc_tx start <= '1';
next state after wait <= S PR SEC L;
state <= S WAIT TX BUSY;

end 1f;

when S PR SEC L =>
if sc_tx busy = '0' then

sc_tx data <= to hex(p sec(3 downto 0));
sc_tx start <= 'l1';

next state after wait <= S SPC;

state <= S WAIT TX BUSY;

end 1f;

when S PR DAY H =>
if sc_tx busy = '0' then

sc_tx data <= to hex(p day (7 downto 4));
sc_tx start <= 'l';

next state after wait <= S PR DAY L;
state <= S WAIT TX BUSY;

end 1if;

when S PR DAY L =>
if sc_tx busy = '0' then

sc_tx data <= to hex(p day(3 downto 0));
sc_tx start <= 'l';

next state after wait <= S DOT;

state <= S _WAIT TX BUSY;

end 1if;

when S PR MON H =>
if sc_tx busy = '0' then

sc_tx data <= to hex(p mon (7 downto 4));
sc_tx start <= '1';

next state after wait <= S PR MON L;
state <= S WAIT TX BUSY;

end 1if;

when S PR MON L =>
if sc_tx busy = '0' then

sc_tx data <= to hex(p mon (3 downto 0));
sc_tx start <= '1';

next state after wait <= S DOT;

state <= S WAIT TX BUSY;

end 1f;

when S PR YEAR H =>

if sc_tx busy = '0' then
sc_tx data <= to hex(p year (7 downto
4));
sc_tx start <= '1';
next state after wait <= S PR YEAR L;
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state <= S WAIT TX BUSY;
end 1if;

when S PR _YEAR L =>

if sc tx busy = '0' then
sc_tx data <= to_hex(p year (3 downto
0)) 7
sc_tx start <= 'l1"';
next state after wait <= S SEPI;
state <= S WAIT TX BUSY;
end 1if;
when S CHECK TEMP =>
if req mask(0) = '1' then
state <= S TEMP CALC;
else
space cnt <= 15;
state <= S ALIGNMENT EMPTY;
end 1if;
when S TEMP CALC =>
math 32 <= resize (unsigned(latched aht temp)
* 200, 32);
state <= S TEMP SIGN;
when S TEMP SIGN =>
v_temp int <= to_ integer (math 32 (27 downto
20)) 7
if v_temp int < 50 then
calc int <= 50 - v_temp int;
else
calc int <= v _temp int - 50;
end if;
if sc tx busy = '0' then
if v_temp int < 50 then
sc_tx data <= x"2D";
else
sc_tx data <= x"2B";
end if;
sc_tx start <= 'l1';
next state after wait <= S TEMP 10;
state <= S WAIT TX BUSY;
end if;
when S TEMP 10 =>
if sc tx busy = '0' then
sc_tx data <= to dec char((calc int/10)
rem 10);
sc_tx start <= 'l1';
next state after wait <= S TEMP 1;
state <= S WAIT TX BUSY;
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10) 7

end 1f;

when S TEMP 1 =>

if sc_tx busy = '0' then
sc_tx data <= to dec char(calc int rem

sSc_tx start <= '1';
next state after wait <= S TEMP C;
state <= S WAIT TX BUSY;

end if;

when S TEMP C =>

S ALIGNMENT EMPTY;

downto 12));

downto 8));

downto 4));

if sc tx busy = '0' then
sc_tx data <= x"43";
sc_tx start <= 'l1';
space cnt <= 11;
next state after wait <=

state <= S WAIT TX BUSY;
end 1if;

when S CHECK PRES =>

if reqg mask(1l) = '"l' then
state <= S PRES H4;
else
space_cnt <= 13;
state <= S5 ALIGNMENT EMPTY;
end 1f;

when S PRES H4 =>

if sc_tx busy = '0' then
sc_tx data <= to hex(latched bmp pres (15

sc_tx start <= 'l1';
next state after wait <= S PRES H3;
state <= S WAIT TX BUSY;

end if;

when S PRES H3 =>

if sc tx busy = '0' then
sc_tx data <= to_hex(latched bmp pres (11

sc_tx start <= 'l1';
next state after wait <= S PRES H2;
state <= S WAIT TX BUSY;

end if;

when S PRES H2 =>

if sc tx busy = '0' then
sc_tx data <= to_hex(latched bmp pres (7
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sc_tx start <= '1';
next state after wait <= S PRES HI;
state <= S WAIT TX BUSY;

end if;

when S PRES H1 =>
if sc_tx busy = '0' then
sc_tx data <= to hex(latched bmp pres (3

downto 0));
sSc_tx start <= '1';
next state after wait <= S SPC;
state <= S WAIT TX BUSY;
end if;
when S TEMP H4 =>
if sc tx busy = '0' then
sc_tx data <= to hex(latched bmp temp (15
downto 12));
sc_tx start <= 'l"';
next state after wait <= S TEMP H3;
state <= S WAIT TX BUSY;
end 1if;
when S TEMP H3 =>
if sc tx busy = '0' then
sc_tx data <= to hex(latched bmp temp (11
downto 8));
sc_tx start <= '1';
next state after wait <= S TEMP H2;
state <= S WAIT TX BUSY;
end 1if;
when S_TEMP H2 =>
if sc tx busy = '0' then
sc_tx data <= to hex(latched bmp temp (7
downto 4));

sc_tx start <= 'l1';
next state after wait <= S TEMP HI;
state <= S WAIT TX BUSY;

end if;

when S_TEMP H1 =>
if sc tx busy = '0' then
sc_tx data <= to_hex(latched bmp temp (3
downto 0));
sc_tx start <= 'l1';
space_cnt <= 4;
next state after wait <=
S ALIGNMENT EMPTY;
state <= S WAIT TX BUSY;
end 1f;
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* 100,

20));

when S CHECK HUM =>
if req mask(2) = 'l' then
state <= S HUM CALC;

else

space_cnt <= 12;

state <= S ALIGNMENT EMPTY;
end if;

when S HUM CALC =>
math 32 <= resize (unsigned(latched aht hum)

state <= S HUM 10;

when S HUM 10 =>
calc int <= to integer (math 32 (26 downto

if sc_tx busy = '0' then
sc_tx data <=

to dec char((to integer (math 32 (26 downto 20))/10) rem 10);

10);

sc_tx start <= 'l1';
next state after wait <= S HUM 1;
state <= S WAIT TX BUSY;

end 1if;

when S HUM 1 =>
if sc_tx busy = '0' then
sc_tx data <= to_dec char(calc _int rem

sc_tx start <= '1';
next state after wait <= S HUM PERC;
state <= S WAIT TX BUSY;

end if;

when S _HUM PERC =>
if sc_tx busy = '0' then
sc_tx data <= x"25";
sc_tx start <= '1';
space_cnt <= 9;
next state after wait <=

S ALIGNMENT EMPTY;

state <= S WAIT TX BUSY;
end if;

when S CR =>
if sc tx busy = '0' then
sc_tx data <= x"0D";
sc_tx start <= 'l1';
next state after wait <= S LF;
state <= S WAIT TX BUSY;
end 1f;
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when S LF =>
if sc tx busy = '0' then
sc_tx data <= x"O0A";
sc_tx start <= 'l1"';
line idx <= 0;

next state after wait <= S PRINT LINE;

state <= S WAIT TX BUSY;
end 1f;

when S ALIGNMENT EMPTY =>
if space cnt > 0 then
if sc tx busy = '0' then
sc_tx data <= x"20";
Sc_tx start <= 'l1';

state <= S ALIGNMENT EMPTY WAIT;

end if;
else

state <= S SEPI;
end if;

when S ALIGNMENT EMPTY WAIT =>

if sc_tx busy = 'l' then
space cnt <= space cnt - 1;
state <= S ALIGNMENT EMPTY;
end if;

when S SPC =>
if sc _tx busy = '0' then
sc_tx data <= x"20";
sc_tx start <= '1';
if spc idx = 1 then

next state after wait <= S PR DAY H;

elsif spc idx = 2 then

next state after wait <= S TEMP H4;

end if;

spc_idx <= spc idx + 1;

state <= S _WAIT TX BUSY;
end if;

when S COL =>
if sc_tx busy = '0' then
sc_tx data <= x"3A";
sc_tx start <= '1';
if col idx = 1 then

next state after wait <= S PR MIN H;

elsif col idx = 2 then

next state after wait <= S PR SEC H;

end if;
col idx <= col idx + 1;
state <= S WAIT TX BUSY;
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end 1f;

when S DOT =>
if sc_tx busy = '0' then
sc_tx data <= x"2E";
sSc_tx start <= 'l1';
if dot idx = 1 then

next state after wait <= S PR MON H;
elsif dot idx = 2 then
next state after wait <=
S PR_YEAR H;
end if;
dot idx <= dot idx + 1;
state <= S WAIT TX BUSY;
end if;
when S SEP1 =>
if sc_tx busy = '0' then
sc_tx data <= x"20";
sc_tx start <= '1';
next state after wait <= S SEP2;
state <= S WAIT TX BUSY;
end if;
when S SEP2 =>
if sc tx busy = '0' then
sc_tx data <= x"7C";
sc_tx start <= '1';
next state after wait <= S SEP3;
state <= S WAIT TX BUSY;
end if;
when S SEP3 =>
if sc tx busy = '0' then
sc_tx data <= x"20";
sc_tx start <= '1';
if sep idx = 1 then
next state after wait <=
S_PR HOUR H;
elsif sep idx = 2 then
next state after wait <=
S CHECK TEMP;
elsif sep idx = 3 then
next state after wait <=
S CHECK PRES;
elsif sep idx = 4 then
next state after wait <=
S _CHECK HUM;
elsif sep idx = 5 then
next state after wait <= S CR;
end 1if;
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sep 1dx <= sep idx + 1;
state <= S WAIT TX BUSY;
end if;

when S WAIT TX BUSY =>

if sc_tx busy = 'l' then
state <= next state after wait;
end 1if;

when S _PRINT LINE =>

if sc tx busy = '0' then
if line idx = 0 or line idx = 6 or
line idx = 26 or line idx = 44 or line idx = 60 or line idx = 75

then
sc_tx data <= x"2B";
elsif line idx = 76 then
sc_tx data <= x"0D";
elsif line idx = 77 then
sc_tx data <= x"0A";
else
sc_tx data <= x"2D";
end 1if;
sc_tx start <= 'l1';
state <= S _PRINT LINE WAIT;
end 1if;

when S_PRINT LINE WAIT =>
if sc_tx busy = 'l' then
if line idx < 77 then
line idx <= line idx + 1;
state <= S PRINT LINE;
else
if row cnt < 999 then
row _cnt <= row cnt + 1;
else
row _cnt <= 1;
end if;
sep idx <= 1;
col idx <= 1;
dot idx <= 1;
spc_idx <= 1;
state <= 5 I
end if;
end if;

DLE;

when others =>
state <= S IDLE;
end case;
end if;
end if;
end process;
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end Behavioral;

daiin i2¢_bus_arbiter.vhd

library ieee;
use leee.std logic 1164.all;
use leee.numeric std.all;

entity i2c bus arbiter is

std logic;
std logic;

inout std logic;
inout std logic;

generic (
CLK FREQ integer;
I2C RATE integer

)7

port (
clk in
rst n in
scl
sda
devl ena in
devl addr in
devl rw in
devl data wr in
devl data rd out
devl busy out
devl ack err out
dev2 ena in
dev2 addr in
dev2 rw in
dev2 data wr in
dev2 data rd out
dev2 busy out
dev2 ack err out

) ;

end i1i2c bus arbiter;

std logic;
std logic vector (6 downto 0);
std logic;
std logic vector (7 downto 0);
std logic vector (7 downto 0);
std logic;
std logic;

std logic;
std logic vector (6 downto 0);
std logic;
std logic vector (7 downto 0);
std logic vector (7 downto 0);
std logic;
std logic

architecture Behavioral of i2c bus arbiter 1is

type state t is

signal state

signal
signal
signal
signal
signal
signal

master ena
master addr
master rw
master data wr
master data rd
master busy

(IDLE,
state t

DEV1 ACTIVE, DEV2Z ACTIVE) ;
:= IDLE;

std logic;
std logic vector (6 downto 0);
std logic;
std logic vector (7 downto 0);
std logic vector (7 downto 0);
std logic;

signal master ack err std logic;
begin
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i2c master inst
generic map (

entity work.i2c master

CLK_FREQ => CLK FREQ,
I2C_RATE => I2C RATE

)

port map (
clk =>
rst n =>
scl =>
sda =>
ena =>
addr =>
rw =>
data wr =>
data rd =>
busy =>

ack error =>

) ;

clk,
rst n,
scl,
sda,

master ena,
master addr,
master rw,
master data wr,
master data rd,
master busy,
master ack err

process (clk)
begin
if rising edge(clk) then
if rst n = '0' then
state <= IDLE;
else
case state 1is

when IDLE =>

if devl ena = '1'
state <= DEV1

elsif dev2 ena = O
state <= DEVZ _

end 1if;

when DEV1 ACTIVE =>

then

ACTIVE;
1' then
ACTIVE;

if (devl ena = '0O' and master busy = '0")
then
state <= IDLE;
end if;
when DEVZ_ACTIVE =>
if (dev2 ena = '0O' and master busy = '0'")
then
state <= IDLE;
end if;
when others =>
state <= IDLE;
end case;
end if;
end if;
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end process;

master ena <= devl ena when state =
devZ ena when state =

master addr <= devl addr when state
dev2 addr when state
=> 10");

master rw <= devl rw when state =

DEV1 ACTIVE else
DEV2 ACTIVE else

|O|,.

= DEV1 ACTIVE else

DEV2 ACTIVE else (others

DEV1 ACTIVE else

(others =>

master data wr <= devl data wr when state =

IOI);

devl data rd
dev2 data rd
devl ack err

dev2 rw when state DEV2 ACTIVE else '0';
DEV1 ACTIVE else

DEV2 ACTIVE else

devZ2 data wr when state

<= master data rd;
master data rd;
master ack err;

dev2 ack err <= master ack err;
devl busy <= master busy when state DEV1 ACTIVE else '0O'
when state = IDLE else 'l';
dev2 busy <= master busy when state = DEV2Z ACTIVE else '0Q'
when state = IDLE else 'l';
end Behavioral;
®aitn i2¢_master.vhd
library ieee;
use leee.std logic 11l64.all;
use leee.numeric std.all;
entity i2c master is
generic (
CLK_ FREQ integer;
I2C_RATE integer
);
port (
clk in std logic;
rst n in std logic;
scl inout std logic;
sda inout std logic;
ena in std logic;
addr in std logic vector (6 downto 0);
rw in std logic;
data wr in std logic vector (7 downto 0);
data rd out std logic vector (7 downto 0);
busy out std logic;
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Wzm. | JIuct No nokym. Tlommwmcs | Jlata 116




ack error : buffer std logic

) ;

end 12c master;

architecture Behavioral of i2c master 1is

constant divider : integer := (CLK FREQ/I2C RATE)/4;

type state t is (READY, START, COMMAND, SLV ACKl, WR, RD,
SLV_ACKZ, MSTR ACK, STOP);

signal state : state t;
signal data clk : std logic;
signal data clk prev : std logic;
signal scl clk : std logic;
signal scl ena : std logic := '0";
signal sda int : std logic := '1";
signal sda ena n : std logic;
signal addr rw : std logic vector (7 downto 0);
signal data tx : std logic vector (7 downto 0);
signal data rx : std logic vector (7 downto 0);
signal bit cnt : integer range 0 to 7 := 7;
signal stretch : std logic := '0";

begin

process (clk)

variable count : integer range 0 to divider*4;
begin
if rising edge (clk) then
if rst n = '0' then
stretch <= '0"';
count := 0;
else

data clk prev <= data clk;

if count = divider*4-1 then

count := 0;
elsif stretch = '0' then
count := count + 1;
end 1if;

case count is
when 0 to divider-1 =>
scl clk <= '0"';
data clk <= '0';

when divider to divider*2-1 =>
scl clk <= '0"';
data clk <= '1";

when divider*2 to divider*3-1 =>
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scl clk <= '1"';

if scl = '0' then
stretch <= '1";
else
stretch <= '0"';
end if;

data clk <= '1"';

when others =>
scl clk <= '1"';
data clk <= '0';
end case;
end if;
end if;
end process;

process (clk)

begin
if rising edge (clk) then
if rst n = '0' then
state <= READY;
busy <= '1"';
scl ena <= '0';
sda int <= '1"';
ack error <= '0';

bit cnt <= 7;
data rd <= "00000000";
else
if (data clk = 'l' and data clk prev = '0') then
case state 1is
when READY =>
if ena = '1l' then

busy <= '1"';
addr rw <= addr & rw;
data tx <= data wr;
state <= START;

else
busy <= '0"';
state <= READY;
end if;

when START =>
busy <= '1"';
sda_int <= addr_ rw(bit cnt);
state <= COMMAND;

when COMMAND =>
if bit cnt = 0 then
sda_int <= '1";
bit cnt <= 7;
state <= SLV_ACKI1;
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else
bit cnt <= bit cnt - 1;
sda int <= addr rw(bit cnt - 1);
state <= COMMAND;

end 1if;

when SLV ACKl =>

if addr rw(0) = '0O"'" then
sda_int <= data tx(bit cnt);
state <= WR;

else
sda int <= '1';
state <= RD;

end if;

when WR =>

busy <= '1"';

if bit cnt = 0 then
sda int <= '1";
bit cnt <= 7;
state <= SLV ACK2;

else
bit cnt <= bit cnt - 1;
sda int <= data tx(bit cnt - 1);
state <= WR;

end if;

when RD =>

busy <= '1"';
if bit cnt = 0 then
if (ena = 'l' and addr rw = addr &

rw) then
sda_int <= '0"';
else
sda_int <= '1";
end if;
bit cnt <= 7;
data rd <= data rx;
state <= MSTR_ACK;
else
bit cnt <= bit cnt - 1;
state <= RD;
end if;

when SLV ACK2Z2 =>
if ena = '1l' then
busy <= '0"';
addr rw <= addr & rw;
data tx <= data wr;
if (addr rw = addr & rw) then
sda_int <= data wr(bit cnt);
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state <= WR;

else
state <= START;
end if;
else
state <= STOP;
end if;

when MSTR_ACK =>
if ena = '1l' then
busy <= '0';
addr rw <= addr & rw;
data tx <= data wr;

if (addr rw = addr & rw) then

sda int <= '1"';
state <= RD;

else
state <= START;
end if;
else
state <= STOP;
end if;

when STOP =>
busy <= '0"';
state <= READY;

when others =>

null;
end case;
elsif (data clk = '0' and data clk prev = 'l') then
case state is
when START =>
if scl ena = '0' then
scl ena <= '1';
ack error <= '0';
end 1f;
when SLV _ACK1l =>
if (sda /= '0' or ack error = 'l') then
ack error <= 'l1";
end if;
when RD =>
data rx(bit cnt) <= sda;
when SLV ACK2Z2 =>
if (sda /= '0' or ack error = 'l') then
ack error <= 'l1l";
end if;
JIuct
11y 1.090301.35.001 I13
120
Wzm. | JIuct No nokym. Tlommmcs | Jlata




when STOP =>
scl ena <= '0';

when others =>
null;
end case;
end if;
end if;
end if;
end process;

with state select
sda ena n <= data clk prev when START,
not data clk prev when STOP,
sda int when others;

scl <= '0' when (scl ena = 'l' and scl clk = '0'") else
sda <= '0' when sda ena n = '0' else 'Z';

end Behavioral;

®aiin ds1302 driver.vhd

library ieee;
use leee.std logic 1164.all;
use leee.numeric std.all;

entity dsl302 driver 1is

generic (
CLK _FREQ : integer;
DS RATE : integer

) ;

port (
clk : in std logic;
rst n : in std logic;
read req : in std logic;
ready : out std logic;
O_sec : out std logic vector (7 downto 0);
0 _min : out std logic vector (7 downto 0);
o _hour : out std logic vector (7 downto 0);
o _day : out std logic vector (7 downto 0);
O _mon : out std logic vector (7 downto 0);
O _year : out std logic vector (7 downto 0);

rtc _sclk : out std logic;
rtc_ce : out std logic;
rtc_io : inout std logic

) ;

end dsl1302 driver;

IZI;
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architecture Behavioral of dsl302 driver is

constant TICK MAX : integer := CLK_FREQ/DS_RATE;
signal tick cnt : integer range 0 to TICK MAX := 0;
signal sclk edge : std logic := '0';

type state t is (

IDLE,
CMD START,
CMD BITS,
READ BITS,
STOP
) ;
signal state : state t := IDLE;
signal sclk reg : std logic := '0';
signal ce reg : std logic := '0";
signal io dir : std logic := '0";
signal io out : std logic := '0";
signal bit idx : integer range 0 to 7 := 0;
signal byte idx : integer range 0 to 7 := 0;

type reg array is array (0 to 7) of std logic vector (7 downto

signal

time regs : reg array;

constant CMD BURST READ : std logic vector (7 downto 0)

begin

rtc_sclk <= sclk reg;

rtc ce

<= ce_reg;

rtc_io <= 1o out when io dir = 'l' else 'Z';

process

begin

(clk)

if rising edge(clk) then

sclk edge <= '0"';
if state /= IDLE then
if tick cnt = TICK MAX - 1 then
tick cnt <= 0;
sclk edge <= '1"';
else
tick cnt <= tick cnt + 1;
end if;
else
tick cnt <= 0;
end if;

end if;

:= x"BF";
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end process;

process (clk)
begin
if rising edge (clk) then
if rst n = '0' then
state <= IDLE;
ready <= '0';
sclk reg <= '0';

ce reg <= '0";
io dir <= '0';
o sec <= (others => '0'");
o min <= (others => '0'");
o hour <= (others => '0'");
o day <= (others => '0'");
o mon <= (others => '0'");
o year <= (others => '0'");
else
case state 1is
when IDLE =>
ready <= '0';
sclk reg <= '0';
ce reg <= '0";
io dir <= '0"';
if read req = 'l' then
state <= CMD START;
end if;

when CMD_ START =>
ce reg <= '1"';
io dir <= '1";
bit idx <= 0;
io_out <= CMD BURST READ(0);
state <= CMD BITS;
sclk reg <= '0"';

when CMD BITS =>

if sclk edge = 'l' then
if sclk reg = '0' then
sclk reg <= '1";
else

sclk reg <= '0';
if bit idx = 7 then
io dir <= '0"';
state <= READ BITS;
bit idx <= 0;
byte idx <= 0;
else
bit idx <= bit idx + 1;
io_out <= CMD_BURST READ(bit idx
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end 1f;
end 1if;
end 1if;

when READ BITS =>
if sclk edge = 'l' then
if sclk reg = '0' then
sclk reg <= '1";
time regs (byte idx) (bit idx) <=
rtc _io;
else
sclk reg <= '0';
if bit idx = 7 then
bit idx <= 0;
if byte idx = 7 then
state <= STOP;

else
byte idx <= byte idx + 1;

end if;

else
bit idx <= bit idx + 1;

end if;

end if;
end if;

when STOP =>

ce reg <= '0"';

sclk reg <= '0"';
ready <= '1"';

0 _sec <= time regs
0 min <= time regs
o _hour <= time regs
o day <= time regs
o mon <= time regs
0 _year <= time regs
state <= IDLE;

when others =>
state <= IDLE;
end case;
end if;
end if;
end process;

end Behavioral;

®aiin aht21 driver.vhd

library ieee;
use leee.std logic 1l64.all;
use leee.numeric std.all;
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entity aht2l driver is
generic (
CLK FREQ : integer;
I2C RATE : integer
) ;

port (

clk : in std logic;

rst n : in std logic;

i2c_ena : out std logic;

i2c_addr : out std logic vector (6 downto 0);

i2c rw : out std logic;

i2c data wr : out std logic vector (7 downto 0);

i2c data rd : in std logic vector (7 downto 0);

i2c busy : in std logic;

start meas : in std logic;

hum data : out std logic vector (19 downto 0);
temp data : out std logic vector (19 downto 0);
data ready : out std logic

) ;

end aht2l driver;
architecture Behavioral of aht2l driver is

constant MEAS DELAY : integer := CLK FREQ/12;
constant AHT21 ADDR : std logic vector (6 downto 0)

"0111000";

type state t is (IDLE, CMD_START, CMD 33, CMD 00, CMD STOP,
WAIT MEAS, READ START, READ BYTES, READ STOP);

signal state : state t := IDLE;
signal busy prev : std logic;
signal raw hum reg : std logic vector (19 downto 0);
signal raw temp reg : std logic vector (19 downto 0);
signal busy cnt : integer range 0 to 15 := 0;
signal wait cnt : integer := 0;

begin

i2c_addr <= AHT21 ADDR;
hum data <= raw_hum reg;
temp data <= raw temp reg;

process (clk)

begin
if rising edge(clk) then
if rst n = '0"'" then
i2c_ena <= '0';
i2c rw <= '0";

i2c _data wr <= (others => '0");
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busy cnt <= 0;
wait cnt <= 0;
data ready <= '0';
state <= IDLE;
raw _hum reg <= (others => '0")
raw_temp reg <= (others => '0'
else
data ready <= '0';
case state 1is
when IDLE =>
if start meas = 'l' then
busy cnt <= 0;
i2c data wr <= x"AC";

i2c rw <= '0';
state <= CMD START;
end 1if;

when CMD START =>

i2c ena <= '1";

if i2c busy = 'l' then
i2c data wr <= x"33";

end if;

busy prev <= i2c busy;

if (busy prev = '0' and i2c busy = 'l') then
busy cnt <= busy cnt + 1;

end 1f;

if (busy cnt = 1 and i2c busy = '0') then

busy cnt <= 0;
state <= CMD_33;
end if;

when CMD 33 =>

if i2c busy = 'l' then
i2c_data wr <= x"00";
end if;

busy prev <= i2c_ busy;

if (busy prev = '0' and i2c busy = 'l') then
busy cnt <= busy cnt + 1;

end 1f;

if (busy cnt = 1 and i2c busy = '0') then

busy cnt <= 0;
state <= CMD 00;
end if;

when CMD 00 =>
busy prev <= i2c busy;
if (busy prev = '0' and i2c busy = 'l') then
busy cnt <= busy cnt + 1;
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end if;

if (busy cnt =1 and i2c busy = '0') then
busy cnt <= 0;
state <= CMD STOP;

end if;

when CMD STOP =>
i2c _ena <= '0";
walit cnt <= 0;
state <= WAIT MEAS;

when WAIT MEAS =>
if wait cnt < MEAS DELAY then
wait cnt <= wait cnt + 1;
else
busy cnt <= 0;
i2c rw <= '1"';
state <= READ START;
end 1if;

when READ START =>
i2c ena <= '1";
state <= READ BYTES;
busy cnt <= 0;

when READ BYTES =>
busy prev <= i2c_ busy;

if (busy prev = '0' and i2c busy = 'l') then
busy cnt <= busy cnt + 1;
end if;

if busy cnt >= 7 then

i2c_ena <= '0';
end 1if;
if (busy cnt > 0 and i2c busy = '0') then

case busy cnt is
when 1 =>
null;

when 2 =>

raw_hum reg(l9 downto 12) <=
i2c data rd;

when 3 =>

raw_hum reg(ll downto 4) <=
i2c _data_rd;

when 4 =>

raw_hum reg(3 downto 0) <=
i2c data rd(7 downto 4);
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i2c data rd(3 downto 0);

i2c data rd;

i2c _data rd;

raw_temp reg(l9 downto 16) <=

5 =>
raw_temp reg(l5 downto 8)

when
<=

when 6 =>

raw_temp reg(7 downto 0) <=

when 7 =>
null;
state <= READ STOP;

when others =>

null;
end case;
end if;
when READ STOP =>
i2c ena <= '0";
data ready <= '1";

state <= IDLE;

when others =>

state <= IDLE;
end case;
end if;
end if;
end process;
end Behavioral;
®aitn bmp180_driver.vhd
library ieee;
use leee.std logic 1164.all;
use leee.numeric_ std.all;
entity bmpl80 driver is
generic (
CLK_ FREQ integer;
I2C_RATE integer
) ;
port (
clk in std logic;
rst n in std logic;
i2c_ena out std logic;
i2c_addr out std logic vector (6 downto 0);
i2c rw out std logic;
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) ;

i2c _data wr
i2c data rd
i2c busy

start meas
meas cmd
data out
data ready

end bmpl80 driver;

out std logic vector (7 downto 0);
in std logic vector (7 downto 0);
in std logic;

in std logic;

in std logic vector (7 downto 0);
out std logic vector (15 downto 0);
out std logic

architecture Behavioral of bmpl80 driver is

constant MEAS DELAY : integer := CLK FREQ/33;
constant BMP180 ADDR : std logic vector (6 downto 0)
"1110111";

type state t is

WAIT MEAS, READ REQ,

signal state

signal busy prev
signal result reg
signal busy cnt
signal wait cnt

begin

(IDLE,

std logic;

std logic vector (15 downto 0);
integer range 0 to 5 := 0;
integer := 0;

i2c addr <= BMP180 ADDR;
data out <= result reg;

process (clk)
begin
if rising edge (clk) then
if rst n = '0"'" then
i2c_ena <= '0"';
i2c rw <= '0";
i2c _data wr <= (others => '0');
busy cnt <= 0;
wait cnt <= 0;
data ready <= '0';

state

<= IDLE;

result reg <= (others => '0"');

else

data ready <= '0';
case state is
when IDLE =>

if start meas = 'l' then
busy cnt <= 0;
i2c data wr <= x"F4";
i2c rw <= '0';

WRITE CMD, WRITE VAL, WRITE STOP,
READ MSB, READ LSB, READ STOP);
state t := IDLE;
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state <= WRITE_CMD;
end 1if;

when WRITE CMD =>

i2c _ena <= '1";
if i2c busy = 'l' then

i2c data wr <= meas cmd;
end 1if;

busy prev <= i2c busy;

if (busy prev = '0' and i2c busy = 'l') then
busy cnt <= busy cnt + 1;
end 1f;
if (busy cnt = 1 and i2c busy = '0') then
busy cnt <= 0;
state <= WRITE VAL;
end 1f;
when WRITE VAL =>
busy prev <= 1i2c busy;
if (busy prev = '0' and i2c busy = 'l') then
busy cnt <= busy cnt + 1;
end 1f;
if (busy cnt =1 and i2c busy = '0') then
busy cnt <= 0;
state <= WRITE STOP;
end 1f;
when WRITE STOP =>
i2c_ena <= '0';
wait cnt <= 0;
state <= WAIT MEAS;
when WAIT MEAS =>
if wait_cnt < MEAS DELAY then
wait cnt <= wait cnt + 1;
else
state <= READ REQ;
busy cnt <= 0;
i2c data wr <= x"F6";
i2c rw <= '0";
end if;
when READ REQ =>
i2c_ena <= '1";
if i2c busy = 'l' then
i2c rw <= '1"';
end 1f;
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busy prev <= i2c busy;

if (busy prev = '0' and i2c busy = 'l') then
busy cnt <= busy cnt + 1;

end if;

if (busy cnt =1 and i2c busy = '0') then
busy cnt <= 0;
state <= READ MSB;

end 1if;

when READ MSB =>

i2c rw <= '1"';

busy prev <= i2c busy;

if (busy prev = '0' and i2c busy = 'l') then
busy cnt <= busy cnt + 1;

end if;

if (busy cnt =1 and i2c busy = '0') then
result reg(l5 downto 8) <= i2c data rd;
busy cnt <= 2;
state <= READ LSB;

end if;

when READ LSB =>
busy prev <= 1i2c busy;
if (busy prev = '0' and i2c busy
busy cnt <= busy cnt + 1;
end if;

if busy cnt >= 3 then
i2c_ena <= '0';
end if;

if
result reg (7 downto 0)
state <= READ STOP;
end if;

when READ STOP
i2c_ena <= '0';
data ready <= '1';
state <= IDLE;

=>

when others =>
state <= IDLE;
end case;
end if;
end if;
end process;

end Behavioral;

®aiin uct file.ucf

(busy cnt >= 3 and i2c busy = '0")
<= 12c_data rd;

'1') then

then
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NET "rx_serial" LOC = "C1l1" | IOSTANDARD = LVCMOS33;

NET "tx_serial" LOC = "D12" | IOSTANDARD = LVCMOS33;

NET "scl" LOC = "MbH" | IOSTANDARD = I2C;

NET "sda" LOC = "po" | TOSTANDARD = I2C;

NET "rtc_sclk" LOC = "E13" | IOSTANDARD = LVCMOS33;

NET "rtc_ce" LOC = "C13" | IOSTANDARD = LVCMOS33;

NET "rtc_io" LOC = "D14"™ | IOSTANDARD = LVCMOS33;

NET "button_rst" LOC = "Cc3" | IOSTANDARD = LVCMOS33;

NET "clk" LOC = "T8" | TNM NET = "clk" | IOSTANDARD = LVCMOS33;

TIMESPEC "TS_clk" = PERIOD "clk" 50000 kHz;
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[Tpunoxenue B.2 — Jluctunr 110 g [TIK

®aiin Diplom PC.cpp
#define CRT SECURE NO WARNINGS

#include
#include
#include
#include
#include
#include
#include
#include
#include
#include
#include

<iostream>
<string>
<vector>
<sstream>
<windows.h>
<conio.h>
<iomanip>
<ctime>
<cctype>
<stdexcept>
"sglite3.h"

using namespace std;

const intl6 t ACl = 7962;
const intl6 t AC2 = -1225;
const intl6 t AC3 = -14581;
const uintl6 t AC4 = 34038;
const uintlé t AC5 = 25211;
const uintl6 t AC6 = 15212;
const intl6 t Bl = 6515;
const intl6 t B2 = 50;
const intl6 t MB = -32768;
const intl6e t MC = -11786;
const intl6e t MD = 2691;

double calculate bmpl80 pressure(uint32 t UP, uint32 t UT, uint8 t

oss = 0) {
int32 t X1 = ((UT - (int32 t)AC6) * (int32 t)AC5) >> 15;
int32 t X2 = ((int32 t)MC * 2048) / (X1 + (int32 t)MD);
int32 t B5 = X1 + X2;
int32 t B6 = B5 - 4000;
X1 = ((int32 t)B2 * ((Bo6 * Bo) >> 12)) >> 11;
X2 = ((int32 _t)AC2 * Be6) >> 11;
int32 t X3 = X1 + X2;
int32 t B3 = (((((int32 t)ACl * 4) + X3) * (1 << oss)) + 2) / 4;
X1 = ((int32 t)AC3 * B6) >> 13;
X2 = ((int32 t)B1 * ((B6 * Bo6) >> 12)) >> 16;
X3 = ((X1 + X2) + 2) >> 2;
uint32 t B4 = ((uint32 t)AC4 * (uint32 t) (X3 + 32768)) >> 15;
uint32 t B7 = ((uint32 t)UP - (uint32 t)B3) * (50000UL >> oss);
int32 t p;
if (B7 < 0x80000000) {
p = (BT * 2) / B4;
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}

}

else {
p = (B7 / B4) * 2;
}

X1 = (p >> 8) * (p >> 8);

X1 = (X1 * 3038) >> 16;

X2 = (=7357 * p) >> 16;

P =p + ((XI + X2 + 3791) >> 4);

return (double)p;

string trim(const stringé& s) {

}

auto start = s.find first not of (" \t\r\n");
auto end = s.find last not of (" \t\r\n");

if (start == string::npos) return "";

return s.substr(start, end - start + 1);

vector<string> split(const string& s, char delimiter) {

}

vector<string> tokens;

string token;

istringstream tokenStream(s);

while (getline (tokenStream, token, delimiter)) {
tokens.push back(trim(token)) ;

}

return tokens;

double extract number (const string& str) {

string num str = "";
for (char c : str) {
if (isdigit(c) || c == "." || c == "=-" || c == "+") {
num str += c;
}
}

if (num str.empty() || num str == "+" || num str == "-") return
0.0;
try { return stod(num str); }
catch (...) { return 0.0; }
}
string generate db filename ()
time t t = time (nullptr);
tm* now = localtime (&t);
char buffer[128];
sprintf (buffer, "sensors data $04d%02d%02d %02d%02d%02d.db",
now->tm year + 1900, now->tm mon + 1, now->tm mday,
now->tm hour, now->tm min, now->tm sec);
return string (buffer);
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}

bool read input with esc(string& out str) {

out str = "";
while (true) {
if (_kbhit())
unsigned char ch = getch();
if (ch == || (ch == 224 && kbhit())) {
_getch();
continue;
}
if (ch == 27) {
return false;
}
else if (ch == '"\r'") {
cout << "\n";
return true;
}
else 1if (ch == '"\b') {
if (lout str.empty()) {
out str.pop back();
cout << "\b \b";
}
}
else 1f (ch >= 32) {
out str += ch;
cout << ch;
}
}
Sleep (10);

}

bool is valid number (const stringé& str) {

if (str.empty()) return false;
for (char ¢ : str) {
if (!isdigit((unsigned char)c)) return false;

}

return true;

}

int main() {
SetConsoleCP (1251);
SetConsoleOutputCP (1251);

HANDLE hSerial = INVALID HANDLE VALUE;

string portNum;

int userBaudRate;

cout << "Haxmure ESC mjg 3aBepmeHus padoTe\n";
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while (true) {
cout << "BremurTe HoOMep COM-mopra: ";

if (!read input with esc(portNum)) {

cout << "\nBeIXOI M3 MNPOTPaAMMEH. ..\n";
return 0;
}
if (!is valid number (portNum)) ({
cout << "-> Oumbka: BBeneHB HEeIONYyCTHUMEBIE CUMBOJIBL.
[loxasnyicra, BBeIUTE TOJbKO LUMdper. \n\n";
continue;

LA

cout << "Bpemure ckxopocTb UART: ;

string baudStr;
if (!read input with esc(baudStr)) {

cout << "\nBHXOZ M3 MOPOTPAMMEH. ..\n";
return 0;
}
if (!is valid number (baudStr)) {
cout << "-> Oumbka: BBeneHB HEeIONYCTHUMBIE CUMBOJIBL.
lMoxany¥cTa, BBeIUTE TOJNbLKO LMdpPb. \n\n";
continue;

try {
userBaudRate = stoi (baudStr):;

}
catch (const out of rangeé&) {
cout << "-> Ommbxa: BBemeHO CcJIMIIKOM OOJIbLIOE SBHAUEHMEe IJid

ckopocTu. \n\n";
continue;

}

catch (const invalid argumenté&)

cout << "-> Oumbka: HexkoppekTHHEI GopmaT CkKOpoCcTM.\n\n";
continue;

}

string portName = "\\\\.\\COM" + portNum;

hSerial = CreateFileA(portName.c str (), GENERIC READ |
GENERIC WRITE, o, O, OPEN EXISTING, FILE ATTRIBUTE NORMAL, 0);

if (hSerial == INVALID HANDLE VALUE) {
cout << "-> Ommbrka: He ymanoch NOOKJIWOUUTHLCS k COM" <<
portNum << ". BO3MOXHO, OH OTKJIOUEH MM 3aHsaT.\n\n";
continue;

}

SetupComm (hSerial, 16384, 16384);
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DCB dcb = { 0 };
dcb.DCBlength = sizeof (dcb);
GetCommState (hSerial, &dcb);

dcb.BaudRate = userBaudRate;
dcb.ByteSize = 8;
dcb.StopBits = ONESTOPBIT;
dcb.Parity = NOPARITY;

if (!SetCommState (hSerial, &dcb)) {

cout << "-> Ommbxa: He ynmajoch NPMMEHUTL HACTPOMKM.
Bo3MOXHO, CkopocThb " << userBaudRate << " He nommepxmBaeTcs.\n\n";

CloseHandle (hSerial) ;

continue;

COMMTIMEOUTS timeouts = { 0 };
timeouts.ReadIntervalTimeout = MAXDWORD;
timeouts.ReadTotalTimeoutConstant = 0;
timeouts.ReadTotalTimeoutMultiplier = 0;
SetCommTimeouts (hSerial, &timeouts);

break;
}
string db_filename = generate db filename();
sglite3* db;
if (sglite3 open(db filename.c str(), &db) != SQLITE OK) {

cerr << "Oumbka oTkpeTMsa BI SQLite!\n";
CloseHandle (hSerial) ;
return 1;

sqlite3 exec(db, "PRAGMA journal mode = WAL; PRAGMA synchronous
= NORMAL;", nullptr, nullptr, nullptr);
sqlite3 busy timeout (db, 5000);

const char* sgl create =
"CREATE TABLE IF NOT EXISTS SensorLog ("
"RequestNum TEXT, "
"DateTime TEXT, "
"\"Temperature (C)\" REAL, "
"\"Pressure (Pa) \" REAL, "
"\"Humidity (%) \" REAL);";
sqlite3 exec(db, sgl create, nullptr, nullptr, nullptr);

cout << "\n¥YcnemHoe nonkjwoueHue k COM" << portNum << "
(CkopocTh: " << userBaudRate << ")\n";

cout << "Baza HaHHEIX ychnemHO cos3paHa: " << db filename << "\n";

cout << "Haxmmure R nnsg Hauasa paboru\n\n";
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char buffer[4096];
DWORD bytesRead, bytesWritten;
string line buffer = "";

while (true) {
bool activity = false;

if (_kbhit()) {
char ch = getch();
if (ch == 27) break;
WriteFile (hSerial, &ch, 1, &bytesWritten, NULL);
activity = true;
}
if (ReadFile (hSerial, buffer, sizeof (buffer) - 1,

&bytesRead, NULL) && bytesRead > 0) {
activity = true;
buffer[bytesRead] = '\0';
line buffer += buffer;

size t pos;

while ((pos = line buffer.find('\n')) != string::npos) {
string line = line buffer.substr (0, pos);
line buffer.erase(0, pos + 1);
if (!line.empty() && line.back() == '\r'")

line.pop back();

auto parts = split(line, '|"'):;
bool is data row = false;

if (parts.size() >= 2 && parts[l].length() > 0 &&
isdigit ((unsigned char)parts[1][0])) {

is data row true;

string num = parts.size() > 1 ? parts[l] nw .
string date = parts.size() > 2 ? parts[2] me .
string temp = parts.size() > 3 ? parts[3] : "";
string press = parts.size() > 4 ? parts[4] : "";
string hum = parts.size() > 5 ? parts[5] : "";

double calc P = 0.0;
string press out = press;

stringstream hex ss(press);
string hexl, hex2;
if (hex ss >> hexl >> hex2) {
try {
uint32 t raw p = stoul (hexl, nullptr,
16);
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uint32 t raw t = stoul (hex2, nullptr,
16);

calc P =
calculate bmpl80 pressure(raw p, raw t, 0);

press out = to string((int)calc P) +

"

na";

catch (...) {}
}

double clean temp = extract number (temp) ;
double clean hum = extract number (hum);

cout << "| " << left
<< setw(3) << num << " | "
<< setw (1l << date << " | "
<< setw (1l << temp << " | "
<< setw(l << press out << " | "
<< setw(l << hum << " |\n";

string sgl = "INSERT INTO SensorLog (RequestNum,
DateTime, \"Temperature (C)\", \"Pressure (Pa)\", \"Humidity(%)\")
VALUES ('"
num + "', '"" + date + "', "
to string(clean temp) + ", "
to string(calc P) + ", "
to string(clean hum) + ");";

+ + + +

char* errMsg = nullptr;
if (sglite3 exec(db, sgl.c str(), nullptr,
nullptr, &errMsg) != SQLITE OK) ({
sqlite3 free (errMsq);
}

if (!is data row) {
cout << line << "\n";

}

if (lactivity) {
Sleep (1)

}

CloseHandle (hSerial) ;
sqlite3 close (db);
return O;
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Ipunoxenue I

(o0s13aTesIbHOE)

Cucrema onpoca gatunkoB 1o unrepdeticy 12C ¢ nepenaueii nanusix no UART u

3aHeceHueM B 0a3y gaHHbIX SQLite

[IpesenTanus
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Cucrema onpoca 1aT4YdKoOB 110 HHTEepdency
12C ¢ nepenadyen 1aHHbIX 10 UART u
3aHeceHHeM B 0a3y naHHbIX SQLite

ABTOp paboTHI:

ctynent rp. 22BBII2 I'opogunueB Makcum Uropesuy

Hay4unb1ii pykoBOAUTENb:

K.T.H., goueHT kageapsl BT FOposa Onsra BukropoBHa

[{enp u 3a7a4n pabOTHI

Ileas pa6oThi: pa3paboTarh NPOrpaMMHO-aNTIapaTHBIN
KOMILJIEKC JJIs1 OTPOCa BHEIIHUX LU(PPOBBIX TATYUKOB MO

unrepdeiicy 12C ¢ mocneayromieit nepeaadeit 1anabix Ha [TK
no untepdeiicy UART c nenpio 1aabHENIIEro XpaHeHUsl U

HCIIOJIBb30BaHUA.

3agaun:

* Pazpaborarh cTeH

* Pa3paborars nporpammuoe obecrneuenue st [IJINMC
* Pa3paborars nporpammuoe obecrnieuenue st [1IK
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AKTYaJIbHOCTb U aHAJIOTH

AKTYaJIbHOCTB: OIO/PKETHAsI M THOKAsi B HACTPOMKE CUCTEMA,
peanuzyronias 6azoBsie mpuHIUIIEI DAQ-cuctem

AHaJIOTH:

* [IpombinenHsie DAQ-cucteMsl

* Ocunmnorpadsl ¢ pyHKIUEH JEKOAUPOBAHNS IPOTOKOIOB
e JlJornueckue aHaIu3aTophl

* DIY-pemienns Ha 0a3e MUKPOKOHTPOJIJIEPOB

NHCTpYMEHTHI pa3paboTKH

* Ommamounas ruiara ALINX AX309
* [IJIUC Spartan-6 XC6SLX16
* [{udpossie narunku AHT21 u BMP180

* Cpena pazpadotku Xilinx ISE 14.7 u s13b1k
nporpammupoBanuss VHDL

* Cpena pazpabotku Visual Studio 2022 u 361k
nporpamMmmupoBanus C++

- CYB]I SQLite
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ApXUTEKTypa

MoynbHast AByXypOBHEBas

apXHUTEKTypa:
* Huxxumii ypoBeHb: cOop

* Casizyolee 3BeHO:

* Bepxumuii ypoBeHb:

<ycrpoiicTBo>>
)

JTAHHBIX C JATYUKOB I10

unrepdeticy 12C u

HOHFOTOBKa HX K <YCTPOHCTBO: <<yCTpolicTBO>
1K TMC

otnpaske Ha [IK

<<apredaxt> 0
Diplom.cxe UART o <apredaKt>
y_rabota.mes

baza

unrepderic UART

HACTPOWKa MOJAKIIFOYCHUS, Sepolime>

MOJTyYEHUE JAHHBIX, m———
MareMaTH4eCKast :
o0paboTka U coxpaHeHHe

JaHHbIX B B/[

DJIEKTpUYECKasd CXeMa COCIMHEHUM CTEHIA

Al A3 A4
K [nara otnanounas AX309 [nara coeannnTenbHas
El
"USB" X1 X1"USB POWER UART" -
- xi:1 +sy NNHI  Ri ov
A2 "EXPANSION PORT 12" X2:1 - - PH——r—— AS
Tlporpamma- Ilnata BMP180
Top 55 X1:33 P6_SDA X2:1 XI:1
E2 Sho :
"USB" X2 X1"USB" 35 M5 SCI 2:2
- x2:35| & X1:35 5. SCL X2:2 X1:2
"ITAG" X2 = X3 "ITAG" . % N\ X137 ov X2:3| o ”
Va X2:37 S Y X povs = o - S X1:3
X2:39 X139 VS« X241 & x4
/
A6
ITnata AHT21
LEs X1:1
X321 & {xi2
= X1:3
LEE X1:4
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Buemnuii Bua crenna

rad

"cxtcnd"\\

|

> extend" |
g

> 1

~

COpoc/nepesarpy3ka
nporpammbl Ha [JIMC

" " [Tonb3gearens
include \ =

I \

| "include" \
3anpoc Beex I \
u3Mepennii |

[TpocmoTp
Tabnmibl ¢
JIAHHBIMH

Coxpanenne
AanHbIX B BJ1
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UML-aguarpamma

[IOCJIEOBATEILHOCTEN T —— T

B Komcors oraagn Microsoft Vi X + v

Beegure Homep COM-nopra: -5
-> OuubKa: Baenews HeponyCTHMwe cumeonm. MoanyiicTa, BEEATE TONBKO LUPPH.

Beegute Homep COM-nopra: 5
Beeaute ckopocTe UART: -115200

-> OuubKa: BmedeHs HeponycTWMwe cummonm. oxanyiicTa, BEEAWTE TONBKO UMGPH.
Beegute Homep COM-nopra: 5
Beepute ckopocTs UART: 9999999999999999999

-> OuM6Ka: BEEAEHO CNMEKOM GONbWOE 3HANEHHE ANA CKOPOCTH.

Beegute Womep COM-nopra: 7
Beepute ckopocth UART: 115200

-> Ouubka: He ypanoch noaknwumrecs K COM7. Boamowwo,
Beepute
Beepute ckopocTh UART:

Homep COM-nopra: §
115200

YcnewHoe nopknodenne k COMS5 (Cxopocre: 115200)
Ba3a pawHMx ycnemwo co3paHa: sensors_data_20260506_175016.db
xMuTe R ana Havana paGorm

hboard ---

1 = Temperature, 2 = Pressure, 3 = Humidity, 4 = All, R =

Time and Date Temperature (C) | Pressure (Pa) | Humidity (%)

06.65.

| 98737 n.

98726 Na

C:\Users\Makcum

urce\repos\Diplom_PC\x64\Debug\Diplos
punn pa6oTy c komom © (0x8).

HaxMuTe M6y Knasuuy, NTOGH 3aKPHTb ITO OKHO.)

OH OTKAKYEH WAW 3AHAT.

Reset

|

xe (npoyecc 15424) 3ase

3 DB Browser for SQLite - C\Users\Maxcuwm\source\repos\Diplom_PC\sensors_data_20260506_175016.db o X
Cain  Penarupossme  Bay  MacTpyme Crpesca
ANew Database | Open Database J0pen Project | [Save Project | (g Npwepenums 64
Dotabase Sxture  BrowseData  Ede Pragmas  Execute SQU Peascriposanve suedis 61 & x
Tabmaua:  Sensorlog 3 S 18 S EBONS 3 ‘. @ o=
1
Request DateTime Teny Pressure(Pa)  Mumidny(%%)
. =
2 002 7:52:34 2 37
3 5
4 004 48 06 9.0 Edting row=1, coimn=0
Type: Text / Numeric; Sze: 1 chara
Cxewa /1 8 x
Hms Tun Cxema
v | Tobmusi (1)
v 1 Sensorlog CREATE TABLE SensorLog (Requesth
RequestNu... TEXT *RequestNum" TEXT
DateTime  TEXT “DateTime" TEXT
Temperat... REAL *Temperature(C)" REAL
[ (Pa) REAL P Pa)” REAL
Humidity(... REAL "Humidity(%)" REAL
Wngexcut (0)
Npencragnenms (0)
Tourrepes (0)
4 1-40f4 b Nepesimi x -
KypansQU  Mpodwe  OewaBl  YAanerswd cepoep

T

T
I
|
I
]
I
}
I
|
I
]
|
I
I
!

T
I
|
I
I
I
I
I
I
I
|
|
T
I
!
|
|
I
|
I
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