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Y nanedHoE ynpasreHuEe cepsonPreogAm CAN v MOHUTOPUHT MX PABOTbI HA OCHOBE
mukpokomnbtoTEroB ARM u ¢ ucnonb3zosanuem nrotokona OPC UA

.M. MaptuHos, Anb Xypu Axpam, Ucca Axen (PIbOY BO «MITY «CTAHKWH»)

[Mpennoxen nogxopn k paspaboTke ABTOHOMHOIO KOHTPOIIEPA ABMXKEHNI HO OCHOBE MUKPOKomMnbiotepa ARM ans ynpasnenns
cepsonpusogamm no uHteppericy CAN. Kontponnep nevxeHus nomy4aer 305aHUS OT CUCTEMbI yPQABIEHMS TEXHOMOTMYECKMM
0BOPYROBAHMEM, B POCCMOTPEHHOM MpuMepe — oT cuctembl Yl1Y, ucnonb3ys mpOTOKON B3QMMORBEHCTBMS C BHELIHMMA

YCTPOMHCTBAMM.

Cosgan OPC UA cepsep KOHTpORnepa BBMXEHs, KOTOPbIH pPeanmiyer MHGOPMALMOHHYIO MOZENb GNA YAQNEHHOro
ynpasnerus cepsonpmsogamu CAN u moHuTopuHra mx paborsl. [TpomanocTpUpoBaHO NOBKNIOYEHHNE MMEIOLYMXCS HA PbIHKE
OPC UA «knmentos, opuentposantbix Ha K 1 moBurbHbie ycTpoiictea, fAns HACTPOMKM MApPAMETPOB, yMpaBReHus i
monutopmHra cepsonpusogos CAN uepes koHTponnep geuxeHns .

Kntouesbie crosa: asromamsayms, Yy, wurepdeiic CAN, OPC UA, mowmtopmHr, mukpokomnsiotrep ARM, ygpanetHsisi

monutoputr, cepsonpmsopsl CAN.

BeepeHue

CII — 2TO BbICOKOIPOU3BOAUTEIbHBIA CEPBOMNPU-
BOJ, C BEKTOPHBIM YIPABJIEHUEM I10 CKOPOCTU U MOMEHTY
Ha 0a3e ruOpMIHOIO LIArOBOIO 2JIEKTPOJBUIATENsl OT-
euecTtBeHHoro mpowussoncrsa. CIII He ycrymaer mMHO-
CTpaHHbIM aHAJIOraM I10 TEXHUUECKUM XapaKTEePUCTUKAM
U PYHKUMOHAIBHBIM BO3MOXHOCTSIM. [1pU 5TOM OH BbI-
rOJHO OTJIMYAETCSl OT HUX IO LieHe. [1pous3BoacTBO cep-
BOINPUBOJOB IAHHOIO CeMelicTBa Ha Teppuropuun Poccun
obecrieunBaeT MAaKCUMaIbHO KOPOTKUE CPOKU MOCTABKU
U yIOOHOE rapaHTUiHOEe M CEepPBUCHOE OOC/IYyXKMBaHUE.
B cBsa3u ¢ atum cepponpusoabl CIIII mupoko nmpume-
HSIOTCA B MAlIMHOCTPOCHUU U APYTUX OTpacisax. Kak
U TIPU IKCILTyaTalliyd OPYTroro MpOMBILUIEHHOTO 000py-
OBaHWS, TIepel MpeaNnpusSITUSIMU CTOUT 3afadya MOHU-
TOPUHTa, HACTPOUKUA M YIpaBIeHUS

ApxuteKkTypa cucTembl yNpaBreHUa U MOHUTOPUHIA
cepsonpueogos CAN B pamkax cuctembl ynpaeneHus
TexXHororm4ecKmm O60pyHOBGHMeM

YCI0BHO B apXUTEKTYpPe CUCTEMbI YIIPaBIeHUs TEXHO-
JIOTMYECKUM 000pyaoBaHueM (puc. 1) BblneleHbl KOMIIO-
HEHTbI, pabOTaIOLIUE B PeabHOM BPEMEHMU: s1IPO CUCTE-
Mbl yIIpaBieHus: (B HAlIEM IIPUMEpPE DTO sIIPO CUCTEMbI
YI1Y), KOHTpoOJLIEep ABUKEHUS, CEPBOIIPUBOILL M KOMIIO-
HEHTbI, paboTalolIMe B MAILIMHHOM BPEMEHU: TEPMUHAI
cucrembl vipasiaeHus (tepmuHain CUIIY) u OPC UA
CepBep KOHTPOJLIEPA IBUXKEHMUSI.

B kauecTBe BBHIYMCIUTEILHOM TIAT(MOPMBI KOHTPOJI-
Jepa IBIDKEHUST UCoab30BaH ARM MUKPOKOHTpOJLIED
Raspberry PI3 c omepaunonnoii cucremoii Linux [3].
Anpo cucremsl YI1Y ynpasisgeTr cepBoNpUBOIaMU Yepe3

CEPBOINPUBOIAMIU. !
Cepsomnpusoxn CIIII moanepxkuBaer,
B ToM uucie 1 Ipotokon CAN. OcHOB-

Komanas!

Hoe TipenMytiecTBo TexHosmoruu CAN —
OYeHb BBICOKAS CTETeHb HATEeXXHOCTH:
CETh BBIXMBACT B CAMBIX CYPOBBIX YCIIO-
BUSIX, PUYEM CTATUCTUUYECKAS BEPOSIT-
HOCTb OTKa3a COCTaBJISICT MEHEE OTHOTO
cy4asi Ha fnecdrh JeT. HecMoTps Ha ak-
TUBHOE PACTIpOCTPaHEHWE B TIOCICTHEC
TOIBI 60Jice BRICOKOCKOPOCTHBIX TIPO-
TOKOJIOB YTpPaBJICHUS CEPBOMPUBO-
namu Ha 6a3e Ethernet (SERCOS IIT,
EtherCAT, ProfiNet, EthernetIP,
Ethernet Powerlink w np.) mpuBoabt
Ha 6ase mipotokoma CAN ocrarTcst ca-
MBIMM pacIipocTpaHeHHBIMH [ 1, 2].
PaccmoTprMm  KOHTpoJutepa  JIBU-
XeHUST Ha OCHOBE MUKPOKOMTIIBIOTEepa
ARM, pazpaboTtaHHbII g yripaBJie-
HUsl cepBONPUBOJAMU MO HUHTepdeiicy
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CAN, a rakxke OPC UA cepsep Ha oc-
HOBE OUOJIMOTEK C OTKPBITHIM KOJIOM.

Puc.1. O6Lyas apxutekrypa cucTembl ynpaBneHms TeXHOMOMMYECKiM
o060opyRoBaH1EM

[
Pa6oTa BHIIOIHEHA TIPHU ITOATepKKe MuHIICTepcTBa obpasoBanus i Hayki PP B pamkax BermoaHeHus Tocsamamims (Ne 2.1237.2017/4.6) 1 mpoBo-
JIUJIOCH C UCTIONB30BAHMEM O0OPYA0BAHUSI, TPENOCTABIEHHOTO LEHTPOM KOJL1eKTUBHOTO nosb3oBaHus MY "CTAHKHWH".
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MepexoA Kk NapameTpusaumum

CocTosiHue
napameTpu3auvu

HavansHoe

CocTOoAiHNe

Bbixoa n3 napameTtpusaunm

Mepexoa K unknuyeckomy o6MeHy

BbIxoa M3 UMKNUYeCcKoro oGmeHa

TIPOU3BOJUTENSIMU), IJISI BBIOOPA OITH-
MaJjlbHbIX 3HAYEHUI NapamMeTpoB;

* yIipaBjJieHUe BXOJHbIM/BbIXOJHbIM
COCTOSIHMEM YCTPOWMCTB BBOJa/BbIBOjIA
(ecnu aTa hyHKIMS MOIePKUBAETCS);

* OMnpe/ieJieHue cocraBa LUKInUYe-
CKUX JAHHbIX.

Eciau npuBoj HaxoauTcs B pexKume
easy startup, TO ipu U3MEHEHUU OJIHOIO
U3 TPEX COCTOSAHUM KOHTpOJUIEpa JIBU-

CocrosiHue
LMKANYEecKoro
obmeHa

Puc. 2. Mawwmna coctosHmns KoHTponnepa BBMKeHMs

KOHTPOJUIEP JIBUXKEHUS O [1POTOKOJY B3aUMOJICHCTBUS
C BHeLIHUMU ycTpoiicrBamu. Takum 00pa3oMm, sapo
HE IPUBSI3aHO K creuuduKe KOHKPETHbIX 1uH [4]. Bee
0COOEHHOCTU pabOThbI IPOMBILLJIEHHOM LIMHBI peajlu3yeT
KOHTPOJUIEP JBUKEHUSI.

YaaneHHasi HACTpOMKa yIpaBieHUss 1 MOHUTOPUHIA
cepporpuBonoB CAN OCYLICCTBISICTCS. MMCIOLIMMUCS
Ha pbiHke OPC UA kiueHTamMu CTOPOHHUX IPOU3BOIM-
tedei yepe3 pazpadoranHbiii OPC UA cepsep [5]. OPC
UA cepsep hyHKIMOHUPYET HA NEPCOHAIBHOM KOMIIbIO-
tepe, dopmupyer crneumduunbie ajas npupogos CIILL
napaMeTpbl M MOAKJIIOYAeTCsa K sapy cucrembl YITY
110 NPOTOKOJIY B3aUMOJEHCTBUSI C TEPMUHATbHBIMU KJIU-
eHTaMU.

Peanuzauus konrponnepa gevxenus CAN
CcepBonpuBOROB

OO6MeH DaHHBIMA MeXIYy KOHTPOJUIEPOM IBIDKEHUS
U CepBOIIPUBOAOM ocyinecTBsieTcs 110 mmHe CAN ¢ uc-
noJyib3oBaHueM 0ub6aroTek SocketCAN ¢ OTKPBITOM KO-
JIOM, KOTOpBIe BBITIOJIHSIOTCS Ha ypoBHe siipa Linux. B3a-
WMOJIENCTBIE MEXTY KOHTPOJUIEPOM JIBWKEHUS U SIIPOM
cuctemsl UITY ocymecteasercst mo nmporokory TCP/IP.

dopmanbHO paboTa KOHTPONJIEpa IBVIKCHUS TIpEn-
cTaBjieHa B BUe rpada (ManmmHa cocTosTHUS [6]) ¢ Tpemst
OCHOBHBIMM COCTOSTHUSIMU (pWC. 2.): HAYaJIbHOE COCTOSI-
HUE, COCTOSTHUE TTapaMeTPU3aliiy, COCTOSTHUE ITUKITYC-
CKOro oOMeHa.

HavambHoe COCTOSTHME COOTBETCTBYET BKITIOYEHUTO
KOHTpOJITepa ABMXKEHUS, alapaTHOMY cOpocCy, a Takxke
BOCCTAaHOBJICHWIO B CJIydae KPUTUYECKUX OIMUOOK (Ha-
MpUMep. TIOCKie pa3pbiBa COeMMHEHUsT). B aToM cocTos-
HUM Bemymiee yctpoitctBo CAN ceTn (KOHTpoJIIep IBU-
SKEHWS) TIPOBEPSIET HaJMIue TIOMYMHEHHBIX YCTPOWCTB
(CAN cepBOITPUBOIOB W YCTPOWCTB BBOIA/BBIBOIA)
B COOTBETCTBUM C KOH(MUTypalmeil 3amaHHBIX TTapame-
TpoB CAN ceTH M OXHMIAaeT TOTOBHOCTH TIOMKITIOUEHHBIX
YCTPOWCTB TS Hadajia oOMeHa WHdopMaInei ¢ HUMH.

B cocTosiHuY napameTpusalu ocylecTBIseTCs:

* HacTpoiika IapaMeTpoB  CepBOINPUBOIOB
YCTPOICTB BBO/Ia/BbIBOJIA;

* 3allyCK CEpBOTNPHUBOJIOB B pexkuMe easy startup (peskum
MepBOHAYAILHOM MPOBEPKU PabOTOCMOCOOHOCTH TPUBO-
JIOB, 3Ta (hyHKIIMOHAJILHOCTb MOJIEPKUBAETCS HE BCEMU

WJIn

JKeHUSI OH JO0JUDKEH aBTOMATUUYECKU Bbl-
UTU U3 3TOro pexuma.

B cocTrosiHuu HuKIiiMyeckoro ooMeHa
KOHTPOJUIEP [OBUXEHUS OCYLUECTBIISICT
ynpasieHue npusogamu. [lpu Bxome B cocTosiHUE LU-
KJIMYECKOro 00MeHa KOHTPOJUIEP OTIIPABISET BEIOMbIM
ycrpoicTBaMm (CEepBOIIPMBOJAM) KOMAaHIy Ha MEPEeKIII0-
YeHUe B COCTOsSIHME LMKInMuyeckoro ooMeHa. Jlajee KOH-
TpoJuIep IoJyyaer ot siapa cucrembl YITY ynpasasionimii
MaKeT ¢ paCCYUTAHHBIMU AJIS TEKYLIEro LUK/IA 3HAYCHU -
sSIMU CKOPOCTU W [OJIOXKEHUsI, NaHHbIMU BBOJA/BbIBOAA
U T.A. 4 NEPeAaeT UX Ha WCIOJHUTEIbHbIE YCTPONCTBA
no wuHe CAN.

OnHOBpeMEeHHO B MAIINHY COCTOSIHUII KOHTpOJLIepa
IBUXKEHUS MPUXOIAT TEKYLINe 3HAYeHUsI CKOPOCTU Bpa-
IIeHUs U TOJIOKEHMSI OT IpuBoaa 1o uaTepdeiicy CAN,
TeHepHpyeTcs MaKeT ¢ JaHHBIMU U 1o mpotokony TCP/IP
OTIIpaBiIsieTcsl 00paTHO B siapo cucteMbl UILY [7]. Has
peaNn3aliy TaKOTO B3aMOAECTBUS OBLTU CO3MaHbI BA
He3aBUCUMBIX TToToKa (st cBsa3u ¢ CUITY u mg cBa3m
¢ mpuBoaoM). CUHXPOHU3AIINST TIOTOKOB OCYIIECTBIsIET-
CS C MICTIONB30BAHNEM MBIOTEKCA® 7151 UCKITIOUEHMS KOJT-
JIV3UiE TIpU paboTe ¢ MaHHBIMMU,

NudopmaumonHas mopens OPC UA

OPC UA cepsep peanm3oBaH Ha s3bike C++ u B3a-
nmoneicTByer ¢ cucteMmoir YITY, ucmonmb3ya crietm-
anmbHO paspaboTaHHbBIT TpoToKoNm Ha ocHose TCP/IP
socket. TTo aTOMY TIPOTOKONY cepBep TIONYYaeT CIHICOK
YUTAeMBIX W 3aMCBIBAEMBIX TTApaMeTPOB ST KasKIOTO
cepBorpuBoa. JIroboi moakoueHHBIN K cepBepy OPC
UA KJIMEeHT UMEET MOCTYIT K CTIUCKY TTapaMeTpoOB CepBO-
TIPUBOJIOB JUIST YTEHUST M U3MEHEHUS WX 3HaueHui. Ta-
KM 00pa3oM, CUCTEMHBIN WHKeHep, mcrmob3ys OPC
UA xJIMeHT, MOXKeT yIaJeHHO OTCIIeKWBATh U N3MEHSITh
3HaYEHUS ITapaMeTpoB CepBOTIPUBOIIOB [8].

bnok-cxema anroprrMa padotsl ¢ OPC UA cepsepom
Tipe/icTaBlieHa Ha puc. 3.

ChHauana cepBep ornpejeisier [P-agpec koHTpoJiepa
nBuKeHus1 ceponpuBogoB CAN, v Korjia NMpuBOAbLI Io-
TOBBI K padoTe (HayajlbHOE COCTOSIHME — pUC. 2.), cepBep
3aIlycKaeT IpoLEAypy IIOJyUeHUst Habopa IapaMeTrpoB
CEpBOIPUBOIOB, HAXOJAIIUXCSI B COCTOSHUM Ilapame-
Tpu3auuu. Eciiy npuBoabl He mapamMeTpu3upOBaHbl, OCY-
1LIECTBRJIETCs UX Mapamerpusauus co cropoHbl OPC UA
KJIMEHTa. 3aTeM HauyMHaeTcsl IpoLeaypa LUKINISCKOro
oOMeHa IaHHBIMU (COCTOSIHUME LUKIMYECKOro OOMEHa)

2 2 o
MbIOTEKC — aHANIOT OAHOMECTHOTO cema(bopa, CJIyKallMK B NPOrpaMMUPOBAHUU AJIA CAUHXPOHU3ALMK OAHOBPEMEHHO BbIMOJIHAKOIUXCA MOTOKOB.
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Hayano
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Hactpoiika 1P-agpeca
Raspberry PIL

Yaanensoe ynpasieHue
NMPHBOAAMH C IOMOUIHI0
OPC UA

.

-

Hactpoiika IP-agpeca OPC

Ha6.monenne 3a MoJTHBIM
Habopom mapamerpoB CAN

MpoBepeHne cTeHAOBBIX UCMILITAHMIA
HcnbiTanms mpoBeaeHbl Ha CTEHIE C CH-
cremoit UITY «AkcnOMA KonTtpom» (puc. 4.
a) [9], xorTpomrepom mrkeHmst 1 OPC UA
cepBepom. K OPC UA cepBepy MOAKITIOYCHBI
mBa OPC UA ximeHTa CTOPOHHUX TTPOM3BO-
qnteneit (pvc. 4. 0, B): oAWH Ha TTatdop-
Me Windows Kak OCHOBHOWM JUIST YIAJIEHHOTO
YIIPABJIEHUST M OTCJIEKUBAHUST pabOThI CEPBO-
TIPUBOIOB, M BTOpo# Ha Android Kak mgotioi-

UA ceprepa NPHBOIOB

HUTEJbHbIN 15 napamMeTpusalimu U MOHUTO-

v y

pUHTa MPHUBOJIOB.

IMosryuenue Hadopa
napaMeTpoB W KOJIHYECTBO
npuBoaoB oT Raspberry Pl

Tpaucasiuusa u3MeHeHN i
BceM OPC UA kimeHTam

OPC UA cepsep peanuzyer OPC HDA
(OPC Historical Data Access) 1151 coopa 1 00-
MeHa apXMBHbIMHW JaHHbIMU Tipoliecca. OPC-

v

KJIMEHT B BUJIC NPUIOXEHUST WU DJICKTPOH-
HOW TaOJUIIbl U3BJIEKAET JaHHbIC U3 apXuBa,

HNuunnuaansanus 3
COCIMHEHUS ¢ KIIMEHTAMH C Konen

ucnoub3ys ¢pyHkiu OPC HDA. Hanpuwmep,
5Ta TEXHOJIOrusi ObLla MCII0Jb30BaHA JUIsS

OPC UA

»|
»

apaMeTpH30BaH?

YnanenHas
—|mapamMeTpu3aiusi NPUBOJAOB
¢ momombio OPC UA

coopa uH(pOpMaLIKMUM O TEKYLIUMX CKOPOCTSIX
BpALLUEHUS U TEKYLIUX IO3ULUSAX CEPBOIPU-
BomoB. Ha puc. 4 npeacrasieHa MHeEMOcXeMa
M3MEHEeHUs II03ULIMK cepBoIipuBoaa. K3 rpa-
duka, noayyeHHoro ¢ nomownsio OPC UA
Windows-kiueHTa, cieayer, 4TO €CTb BO3-
MOXHOCTb OTCJIEXKMBAaThb U3MEHEHUSI CKOPO-
CTU U IOJIOXKEHUS] CEPBOIPHBOIAOB B PEXUME
peajlbHOro BpeMEHU. DKCIIEPUMEHTbI I1OKa-
3a/1d, YTO OTU U3MEHEHMsl COBIIaJAal0T C Ipa-

Puc. 3 bnok-cxema anropurma paborsi OPC UA cepsepa

IUISl YIIPaBJIEHUS] CEPBOIIPMBOAAMM U TIOJIyYEHUsl UX Te-
KYLUMX CKOPOCTEM U ITO3ULLMIA.

OPC UA cepsep oTopapisieT HOJIyYCHHBIC OT KOH-
Tposuiepa aBukeHust naHHbie BceM OPC UA kiueHTaMm,
MOAKJIOYEHHbLIM K CEPBEPY, LLMPOKOBEILIATEIbHBIM CIO-
cobom. KiimeHTbl OOHOBJISIIOT TU AAHHbIE B CBOEH WMH-
¢dopMaLIMOHHOIT MOJEIN.

duxkoMm, nonyuyeHHbIM ¢ nomouipio OPC UA
Android-kiaueHra.

Boisogpi

PazpabatbiBaeMoe penieHue 1o yIaJeHHOMY MOHM-
TOPUHIY U YIIPaBICHUIO C MPUMEHEHHEM TeXHOJIOIHU
OPC UA 1o3BoJIsIeT He TIPUBSI3BIBATHCS K KOHKPETHOMY
TEeXHOJNIOTMYECKOMY OOOPYIOBAaHUIO, MPOU3BOAUTH TMO-
K¢ HACTPOUMKU U BBIOOPKY HEOOXOMMMBIX ITapaMeTPOB
000pyIOBaHWS M peam30BBIBATh BHYTPEHHNE TTPOTOKO-

JTbI CBSI3W B 3aBUCUMOCTH OT TIOCTaBJIEHHOW

samaun. [IpemraraeMbrit crmocod paspaboTKy
KOHTPOJIIEpa IBVKECHUST C MCITONIB30BAHNEM

MUKpokoMITbioTepa ARM T03BOJISTIeT Ha Ha-
JaJgbHBIX JTalaXx COKPaTUTh BpPEMEHHBIC
7 (WHAHCOBBIC 3aTpaThl Ha TIONHOIICHHYIO
WHTETPAITUIO MOJYJIS YITPABICHWS TTPWBOIA-
mu B cuctemy YITY. Texymasa peammsarnns
MpOEKTa TPEACTABISICT COOOW B3auMOICH-
CTBWME HECKOJIBKMX OCHOBHBIX KOMITOHCHTOB;
JITST yIIpaBlieHAST IBIKeHeM TpuBoaoB CAN
VICTIONTB3YETCST KOHTPOJIICP IBVKECHUS, 00e-

CTICUMBATONINIT B3aMMOCBA3h cucteMbl UITY
W caMHuX TIPUBOJOB, MOHWTOPWHT COCTOS-
HUI IPUBOJIOB OCYIIECTBIISIETCST C TIOMOTIIBIO
craHaaptHoro kiueHTa OPC UA. B kauecTBe
pa3BMTHUS TpoOEKTa paccMaTpuBaeTcs Ba-

Numeric Values NS2IString|Motor_t.Positon [l NS2IString|Motor_2.Position
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cepsonpmeoaa

pPUAHT peaju3aluu crocoda MOAKIIOUECHUS
cuctembl YITY k OPC UA cepBepy u paspa-
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00TKa cOOCTBEHHOTO KJITMeHTa MOHUTOPUHTA TTapaMeTpOB
Kak cructembl YTTY, Tak ¥ pa3MuHOro TeXHOJOTHYECKO-
ro o0opy/I0BaHusl.
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