OCOBEHHOCTHU INPUMEHEHUMSA BCTPOEHHBIX CUCTEM
B CUCTEMAX BUBPAIIMOHHOI'O KOHTPOJIA,
MOHHUTOPHUHI'A, TUAT'HOCTHUKH

E. H. ba3buies, II. IO. bpanueBuu, C. ®@. Koctok

benopycckuii 2ocyoapcmeennblii yHusepcumem uHGOpMamuKku u paouo3ieKmpoHUuKU
Mumnck, benapyco
e-mail: Yauheni.Bazyleu@bsuir.by, branc@bsuir.edu.by

PaccmoTpensl Bompochl OpraHu3aiuy CUCTeM BUOPAIMOHHOTO KOHTPOJISl, MOHU-
TOPUHTA, TUATHOCTUKHU, MOCTPOEHHBIX C NMPUMEHEHHEM BCTPOCHHBIX cucreM. [lpen-
CTaBJICHBI pa3pabOTKU Jlaboparopuu BHOpoamarHoctTudeckux cucrem BI'YUP, pe-
maromue gaHHeie 3amaun. [Ipemyioxkena opraHu3anusi CUCTEMbl HAKOIUIEHUS BHOPO-
CUTHaJa Ha MPOTSKEHHH JJIUTENbHBIX BPEMEHHBIX MHTEPBAJIOB Ha 0a3e BCTPOEHHBIX
CHCTEM.

Kniouesvie cnosa: Bubpaiiyis; MOHMTOPUHT; TEXHOJIOTHS; HAKOIUICHHE; BCTPOCH-
Has cucrema; Arduino.

FEATURES OF EMBEDDED SYSTEMS IN SYSTEMS
VIBRATION CONTROL, MONITORING, DIAGNOSTICS

Y. M. Bazyleu, P. Yu. Brancevich, S.F. Kostyuk

The Belarusian State University of Informatics and Radioelectronics
Minsk, Belarus

The problems of organization of vibration control systems, monitoring, diagnos-
tics, constructed of use with embedded systems. Developments Laboratory BSUIR vi-
bration diagnostic system, solves the problem of data. The organization of the system
of accumulation vibration over long time intervals on the basis of embedded systems.

Keywords: vibration; monitoring; technology; accumulation; embedded system;
Arduino.

BBEJEHUE

JIns MEXaHH3MOB M arperaToB POTOPHOTO THIIA, B OCHOBY MEXaHHYECKOTO (yHKIIHO-
HUPOBAHMS KOTOPBIX IMOJIOKEHO BPAIIATEIbHOE JBMKCHUE, OJHUMHU M3 BaXXHEUIIMX Iapa-
METPOB, XapaKTEPH3YIOUIMMH HMX TEXHHYECKOE COCTOSHHUE, SIBJISIOTCA HWHTCHCUBHOCTH H
CTIEKTPAJIbHBINA COCTaB BUOPAIIUH, TIPHYEM TIPU JUTUTEIBHOM 0€30CTaHOBOYHOM ()YHKIIMOHH-
POBaHHMU TEXHUYECKOTO O0BEKTa TpeOyeTcs HENmpepbIBHOEC HAOJIOJCHUE WM CICKCHHUE 32
€ro BUOPAIMOHHBIM cocTostHUEM [1-5].

[Tpu sKCIUTyaTaIy CIOXHBIX M TOPOTOCTOSIIMX arperatoB (TypOoreHeparopsl, ra3o-
MepeKaYMBaONINe YCTAHOBKU U T. I1.) CTAHJApTaMH OMPEEICHBI MPaBUIa POBEICHUS He-
MPEPHIBHOTO KOHTPOJISI 1 MOHUTOPHHTA UX BUOPAIIMOHHOTO cocTosiHus [6-8]. Cuctemsl He-
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MPEPBIBHOTO CTAI[MIOHAPHOTO MOHUTOPHHTA TO3BOJIAIOT 3a(HUKCHPOBATh (DaKT BO3ZHUKHOBE-
HUSl @aHOMAJIBHOM CUTYyallul Ha KOHTPOJIUPYEMOM OOBEKTE M ONEPATUBHO OTPEarnpoBaTh Ha
HETo CTaHAAPTHBIM 00pa3oM HIIM PEa30BaTh aJTOPUTMBl CUTHAIM3ALUHN U 3aIIUTHI, YIH-
TBHIBAIOLIHE WHANBHIYaIbHbIE OCOOCHHOCTH KOHTPOIUPYEMbIX 00beKTOB [9].

OpaHako 3HaYUTENIbHBIE U3MEHEHHUS CpeaHero kBaapatuueckoro 3HaueHus (CK3) Bub-
PaLMOHHOI'O CUTHajla MJIM aMIUIMTY]l OTJEJIbHBIX MM PYNIbl TAPMOHUYECKUX COCTaBIISIO-
IUX, BBISBIIIEMbIE TAKUMHU CUCTEMaMHU WM TIEPEHOCHBIMH NPUOOpaMHU, CBHIIETEIBCTBYIOT
00 ye CyLIECTBEHHOM Pa3BUTUU KAKOT0-TO JIe(eKTa.

Ecnu xe crouTt 3azaya co3JaHUsl CUCTEMBbI IPOAKTUBHOTO TEXHUUYECKOTO 00CIyKHBa-
HUsl 000pyI0BaHUS, TO BO3HUKAET MOTPEOHOCTh MPOBEACHUS TIATEIBHOIO U3YUYEHUS U3Me-
HEHM BUOPALMOHHOTO COCTOSIHUS TEXHUYECKHX OOBEKTOB HAa MPOTSDKEHHHM MX JKCILTyaTa-
nuu. Ilpeacrasiser uHTepec oOHapy)KEHUE PEIKUX KPAaTKOBPEMEHHBIX M3MEHEHHUH CTPYK-
Typbl BUOPALIMOHHOTO CUTHAJA U MOCIEAYIOIIEe BISBICHUE MPUYUHHO-CIICICTBEHHBIX CBSI-
3el MeX]y UX MOSABJICHUEM M pPa3BUTHEM J1e(DEeKTOB, KOTOpbIE TPEOYIOT OIIPECIEHHOIO pea-
TUPOBaHUS.

Jlist 3TOrO 1L1enecoobpa3Ho MPOBOJUTH AHAINU3 HEMPEPBIBHBIX BUOPAIMOHHBIX CHTHA-
JIOB, OTPa)KaIOIIUX BUOPALIMOHHOE COCTOSIHUE OOBEKTa, Ha MPOTSKEHUM JJIUTEIIbHBIX Bpe-
MEHHBIX MHTEpBAJIOB (Yachl M Jak€ CYTKH), KOTOPbIE€ COOTBETCTBYIOT HEKOTOPOMY IUKIY
U3MECHEHUsSI P&KMMOB (pyHKIIMOHMpOBaHuUs 00opynoBanus [10].

Pemtenne 3a1a4n HAKONJIEHHS AJIMHHBIX peaju3anuii BuOpocurnaia. /[ns peme-
HUS 337a4d HAKOIJICHUsS] BUOPOCUTHAJIA HA MPOTSHKEHUU JUTUTEIbHBIX BPEMEHHBIX UHTEPBA-
JIOB yJ100OHO UCHOJIb30BATh COBPEMEHHBIE MUKPOKOHTPOJIJICPHBIE CUCTEMBI.

B cocTaB MEUKPOKOHTPOIIIEPOB, KaK MPABHIIO, BXOJAUT aHAIOTO-IM(POBOi peodpaso-
BaTellb, 3allyckaeMblil TaliMepoM anmnapatHo. IIpu sTom HeT HeoOXxoauMocTH 00padaThIBaTh
IpepbIBaHUE OT Tailmepa. 3amporpaMMHUpOBaB IEPUOJ MOBTOPEHHUs TalMepa, JOCTaTOYHO
o0pabaTbIBaTh MpepbIBaHUE OT aHANOTO-LHU(POBOro npeodpazoBareis ¢ nociaenyomei oy-
depuzanueit pesynbrara. bydepuzupyembie gJaHHBIE 1EI€CO00pa3HO MEPEMECTUTh B HAKO-
NUTENb JAHHBIX, HE JIOMYCTUB MIPHU 3TOM INepenoiHeHus. B kauecTBe HakonmuTens 1enecooo-
Pa3HO UCIOJB30BaTh SHEPrOHE3aBUCUMYIO NaMsATh. B sydiem ciaydyae ucnosnbp3oBath (aii-
JIOBYIO CUCTEMY.

CoBpeMeHHbIE BCTPOEHHBIE CUCTEMBI OCHAIIIEHBl YaCaMH PEallbHOIO BPEMEHH, 4TO MO-
3BOJISIET YCTPOMCTBY pabOTaTh HE3aBHCHUMO JUIMTENBbHOE BpeMsi 0e3 BHELIHErO BMEIIATeNb-
CTBa.

MHUKPOKOHTPOJIIEPbl UMEIOT IOCIEOBaTENIbHBIE U HapajiesibHble HHTepQechl JUIs
BBOJIa-BbIBOJIA aHHBIX. [locpencTBoM nHTEpQEcOB BBOAAa-BbIBO/Ia BO3MOKHA OpraHU3aIis
nepeaayu AaHHBIX Ui JdajbHelieil oOpaboTKH Ha COBpeMEHHbIe MHOIO()YHKIIMOHAIbHBIE
MOOUJIbHBIE 100 HACTOJIbHBIE ONEPALMOHHBIE CHCTEMBI C MOCIEAYIOIIUM OTOOpaKeHHEM
JAHHBIX B TpaguyeckoM BHUJIE.

Yepes MUKPOKOHTPOJUIEpHbIE UHTEP(DENChl MOKHO HaJlaAUTh YIpPaBIeHHE MPOLIECCOM
HaKOIJICHUS IU(POBOro BUOpPOCUTHANA, 337aHuEe KOA(P(UIMEHTOB Mepeayd U yCUJICHU,
4acTOThl IMCKPETU3alluu, pa3Mepa BbIOOPKH, BPEMEHHU 3alyCKa M OCTaHOBKH HAKOIUICHUS.
JU1st KOHTPOJISI CKOPOCTH U LEJIOCTHOCTH Tepeadn JaHHBIX OOMEH JaHHBIMH JIy4llle opra-
HU30BaTh MO MPHUHIIMUITY 3aIIPOC-OTBET.

IToTrox naHHBIX, epenaBaeMblil yepe3 nHTep¢eiic BBoa-BbIBO/IA, 1eIeco00pa3Ho pas-
OUTHb Ha MAKeThl JAHHBIX, KX/ U3 KOTOPHIX JOJKEH 3aKaHYMBATHhCSI KOHTPOJIBHON CyM-
MOM (X3II-3Ha4eHUe) JUIsl KOHTPOJIS LIEJIOCTHOCTH Nepeaun AaHHbIX. [lepBrie fqBa Oaiita Ta-
KOT'0 ITakeTa MOTYyT ObITh UACHTU(DUKATODP (IUPEKTUBA) U HOMED MAKeTa.
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[TockonbKy COBpeMEHHAss MUKPOIJICKTPOHUKA PAa3BUBACTCS OBICTPHIMH TEMIIAMH, Iie-
Jeco00pa3HO UCMOIb30BaTh alnapaTHO-HE3aBUCUMBbIE SI3BbIKU MpOorpaMMupoBaHus. s ym-
pOIIEHUsT KOHTPOJISI Ha/l MPOTPAMMHBIM MTPOEKTOM, a TaKXkKe I MUHUMU3AIUHA TPY03aTpaT
IIpH MEPEXO/I€ HA APYTYI0 MHUKPOKOHTPOJUIEPHYIO MJIATPOPMY apXUTEKTypa MpOrpaMMHOTO
CpeAcTBa BCTPOEGHHOW CHCTEMBI JIOJKHA OBbITh pa3duTa Ha J1Ba ypPOBHA — amIapaTHO-
3aBUCUMBIN U HE3aBHUCUMbBIA YPOBHH.

Takum oOpa3om, mpu mepexojie Ha JPYroi MUKPOKOHTPOJUIEp Ierecoo0pa3Ho Oyaer
nepepadboTaTh TOJBKO allapaTHO-3aBUCHUMBIM YPOBEHb MPOTPaMMHOrO OOecreueHus, TeM
CaMbIM 3HAYUTEIILHO YIPOCTUB padOTy HAJl IPOTPAMMHBIM ITPOCKTOM.

Pa3paGoTka nporoTuna Hakonurtessi. Pazpaboran mpoToTuIl mMogo0HOTO yCTPOMCT-
Ba. BerpoeHHas cucteMa ucnonb3yeT 8-OuTHblii MukpokonTpoiuiep ATmega dpupmber Atmel.
MUKpPOKOHTPOJIJIEP MMEET BCTpOEHHBIN 10-OMTHBIM aHamoro-mudpoBoil mpeodpa3zoBaTeb,
yIpaBJisieMbiii 8-OMTHBIM WK 16-OuTHBIM Talimepom [11].

B kadecTBe HakomuTeNs AaHHBIX Hcob3oBaicst SD-Card, ynpasiseMblil ¢ TOMOIIBIO
SPl-unTepdeiica, anmapaTHBII MOIYJIb KOTOPOTO YK€ BCTPOSH B MUKPOKOHTpPOJIIEp. 3HAYH-
TeJbHAs YacTh BBIYMCIUTEIBHON MOIIHOCTH MUKPOKOHTPOJUIEpA 3a/IeCTBOBAHA JIJIsl YIIPaB-
neHus (HanIoBOl CUCTEMOH, JJIs Yero UCIOJb30BaIach MOMYJspHas B MHTEpHETE OMOIMoTE-
ka FatFs [12].

Jlnst ynpaBiieHHsl BCTPOSCHHOM CHCTEMOM MCIIONB3YETCs MOMYJISIpHBIA HHTEp(deic mo-
cienoBarensHoro nopta USART, 6marogaps KoTopomMy NpoucxXoauT oOMeH JaHHBIMU Yepes
HOJIb-MO/IeM Jn00 Moayiab Bluetooth. [Ins KOHTPOJS MEIOCTHOCTH MAKETHOW TMepenavn
JaHHBIX YJOOHO HCMONB30BaTh IMUKIMUECKYI0 M30bITOouHyIO npoBepky CRC16, oGmanaro-
Y0 XOpoInuMu cBoicTBamu Xaui-¢pyHkiwid [13]. Co cTopoHbI MOOMIIBHO# OO0 HACTONb-
HOM ONepalioHHON CUCTEMBI JUIsl OpraHu3alii 0aliTOBOM WM MAKETHOM Mepelayn JaHHbBIX
yepe3 IOPTHl BBOJA-BBIBOJA OYEHb yJOOHO HCIIOJNB30BaTh IMAOJIOH  OOBEKTHO-
OPHEHTHUPOBAHHOTO MPOEKTUpOBaHus «J{exopaTop» [14].

Jlig pa3paboTKK TaKOro yCTPOMCTBA OKa3aJloCh OYEHb yOOHBIM HCIOJb30BaHUE MPO-
ekta Arduino [15]. ITockonbky 8-OMTHBIH MHKPOKOHTPOJUIEP HE CIIOCOOCH MPOU3BOMTH
BBIUHCJICHUS C IJIaBalOUIe TOYKOHM 3a MpuemiieMoe BpeMsi, CHATBhIE C aHaJIOro-IU(pPOBOTro
npeoOpa3zoBarens AByXOalTHBIE AaHHBIE 0e3 Kakux-Tu0o MpeoOpa3oBaHUIl COXPAHSIOTCS B
(aiin, u Tpedyercs aanbHeas o0padoTka Ha MOOMIBHOM HJIM HACTOJBLHOM ONEPaIlMOHHON
cucteme. [Ipu sTom npu vacrore auckperusanuu 25 k' 10 MuH. BUOpocUTHANA 3aHUMAIOT
30 M6.

3akirouenue. Vcrnonp3oBaHNE COBPEMEHHBIX BCTPOCHHBIX CUCTEM MO3BOISET A dhek-
THBHO PEIIUTH 337a9y HAKOIUICHUSI BUOPOCUTHAIA HA MPOTSHKEHUU JUTUTEIIBHBIX BPEMEHHBIX
WHTEPBAJIOB.
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