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PaccMoTpeHbl BONpOCh MPUMEHEHHMS OJJHOIIIATHBIX KOMIIBIOTEPOB B KAYECTBE YCTPONUCTB YIPABICHUS U BU3Y-
QIIM3aIMH TEXHOJIOTHIECKHX TIponeccoB Ha mpumepe Raspberry Pi n oneparmonnoii cucremsr Windows 10 muwst IoT
(IIPOMBILIIICHHOTO MHTEpHeTa Benel). L{enbro 1aHHON paboThl SBISETCS UCCIICAOBAHIE BO3MOKHOCTH BHEIPEHHS
cucreMsl ucnonHenus u Busyanusanus (HMI) CoDeSys Ha OTHOMIIATHOM KOMITBIOTEPE C YCTAHOBKOM Ha MUKpO-
KOMIIBIOTEp orepannoHHoii cuctembl Windows 10 IoT, Ha ocHOBe KoTopoit Oynet BHeapeHo npuinoxkenne CoDeSys
Control. IIpenmnonaraercs pacCMOTPEHHE BO3MOKHOCTH J[aJIbHEHIIIET0 yIIPABICHHUS TPOIIECCaMU aBTOMAaTU3ALINH,
TeM CaMbIM, 3aMEHUB PabOTy MaHEIbHOIO MPOrPaMMHPYEMOTrO JIOTHYECKOr0 KOHTpOJIepa B CHCTEMax JIOKallb-
HOW aBTOMAaTHM3alMy. 3agadeil sIBJSIETCST pacCMOTPETh MUKpOKoMIbioTep Raspberry Pi 2, onepanmoHHyro cucre-
My Windows 10 [oT Core n HeoOxoauMmble /Ui €€ MHCTAUISILUKE KOMIIOHEHTBI. YcTtanoBUTh OC /I MOJTyYeHUs.
BO3MOKHOCTH JajibHelieit mporpammupoBanus B cpene CoDeSys npenmeroB apromaru3sanuu. Ilpenmyiecrsamu
ucnoib3oBanus Raspbery B kadectse HMI — ycTpoiicTBa SIBISIFOTCSI: OTHOBPEMEHHBIN 3aITyCK CPE/Ibl IPOrPaMMHPO-
Banusi CoDeSys Control, 4To 1aeT BO3MOKHOCT MOJIYYEHUs! MTOJHOLEHHOTO TTaHEIBHOTO IPOrPaAMMUPYEMOT0 JI0-
THYECKOTO KOHTPOJLIEPA, YTO MOATBEPKIAETCs B cTaThe [ 1], r1e onleHrBaeMoe BpeMs IUKIIa 1o cpaBHeHuto ¢ [TJIK
COM3MEPHMO OTIHYACTCS: BO3MOXKHOCTH IIepe/laBaTh JaHHBIC B 00J1aK0 0€3 JOIOIHUTEIEHBIX allllapaTHBIX CPeCTB
(¥cnonp30BaHKE B Ka4eCTBE MPOMBIIIIEHHOTo [0T ycTpoiicTBa); HU3KAsk CTOMMOCTh MUKPOKOMITBIOTEPA, 110 CPaBHE-
HHIO C IPOrpaMMHUPYEMbIM JIOTHYECKUM KOHTPOJLIEPOM.

KiioueBble c/10Ba: MUKPOKOMIIBIOTEP, ONePALMOHHASI cHcTeMa, BeO-nHTepdeiic
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Questions of use of single board computers as control units and visualization of technological processes on
the example of Raspberry Pi and the Windows 10 operating system for [oT (the industrial Internet of things) are
considered. The purpose of this operation is the research of a possibility of the system implementation of execution
and visualization (HMI) of CoDeSys on the single board computer with installation on a microcomputer of the
Windows 10 IoT operating system on the basis of which application of CoDeSys Control will be implemented.
Reviewing of a possibility of further control of automation processes is supposed, thereby, having replaced
operation of the panelized programmable logic controller in the systems of local automation. The task is to consider
a microcomputer of Raspberry Pi 2, the Windows 10 IoT Core operating system and components, necessary for
its installation. To install OS for receiving an opportunity further programming in the environment of CoDeSys of
objects of automation. Advantages of use of Raspbery as HMI — devices are: simultaneous start of a programming
environment of CoDeSys Control that gives the chance of receiving a full-fledged panelized programmable logic
controller that is confirmed in article [1] where the evaluated cycle time in comparison with a PLC is commensurable
differs; an opportunity to transfer data to a cloud without additional hardware (use as industrial IoT of the device);
the low cost of a microcomputer, in comparison with a programmable logic controller.
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Raspberry Pi 2 — 5T0 coBceM MalleHbKHIT  OOJBITMHCTBO COBPEMEHHBIX CMapT(POHOB —
KOMITBIOTEP, TIPEACTABISIONINI cOO0 B MPO-  BCETO JIMIIL YyTh MEHbINE, 4eM 9X6 caHTUMe-
Jla)ke BCETO JIMIIb OJIHYy HEOONBIIyIO IuIaTy, TpoB. HO 1m0 CBOMM BO3MOXHOCTSIM OH CIIO-
Ha KOTOPOH pacrojioKEHbl BCE KOMIIOHEHTBHL. COOEH C JIECKOCTBIO MPEB30MTH HEKOTOPHIC
JleBaiic nake koMIakTHee Mo pasMepam, yeM HactoiabHble [TK [1].
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Puc. 1. Muxpoxomnviomep Raspberry Pi 2

[locrapnsiercst 310 ycTpoiicTBO 0€3 mpen-
YCTAQHOBJICHHOHM  ONEPALMOHHOW  CHCTEMBIL.
Ha nero cymectByer Heckonbko maketoB OC,
BKJIFOYasl pa3iindHble BapraHThl Linux. Ho Bep-
mmHoi crana Windows 10 IoT Core. Kommanns
Microsoft mpuHsIa perieHne aaanTHPOBAThH
cBoto HoBeiimyto Bepcuto OC Ha MHKPOKOM-
netotep B anpene 2015 rona. U k koHLy Mecsia
roroBasi cOOpka yxe Oblia JOCTYIHA AJIsI BCEX
JKEJIalouX, HO JJIsl ycTaHOBKH Ha Raspberry Pi
2, HEOOXOIMMO TIPHIIOKUTH HEKOTOPBIE YCHITHSL.

Windows 10 IoT Core — ocobas ome-
panuoHHass — cucrema  Microsoft,  onTH-
MHU3UPOBAaHHAs  UIi  MUKPOKOMIIBIOTEPOB
C OrpaHMYEHHBIM HaOOpPOM CHUCTEMHBIX pe-
CypcoB, paspabarbiBacMasi B paMKax KOH-
uenuuu loT (Internet of Things, «MuTepuer
Bemeii»). Ilpennasnauena st pasiuvHBIX
MUHHATIOPHBIX,  BCTPaMBAaEMBIX  PELICHUH
U YCTPOMCTB «YMHOIO JaoMa». B uacTtHOCTH,
MHUHHMaJbHBIE TpeOoBanus it Core — apxu-
tektypa Xx86/ARM , 256 M6 O3Y u 2 I'6 emko-
cTH Ha aucke/dnemnrke. Ha qaHHbIi MOMEHT Ta-
paHTHpOBaHHO padoraeT Ha riarax Raspberry
Pi 2 (ARM), Intel Minnowboard MAX (x86)
n DragonBoard 410c. Windows 10 IoT Core
SIBJISIETCS1 OeCIUIaTHOU Tu1aThopmoit [4].

Jiist ycraHOBKH HE00XomuMo coOpaTh He-
00XoaMMBbIe Ul MHCTAJUIALMN KOMIIOHEHTHI.
st aToro mouagoosTes [3]:

— CoOcTBenno 1utata Raspberry Pi 2;

— MicroSD xkapra emkoctbio 8 miun 16 I'0
(xmacca 10 wiu BbIIIE);

— HDMI-kabenn IS
K BHeIHeMy MoHuTopy / TB;

— Ethernet kabenb A MOAKIIOYCHUS
K CeTH;

— MukpoUSB kabenb B KaueCTBE IHTAFO-
mero xkaoens (5V);

— Komneiorep ¢ Windows 10 (mis cos-
JaHusl 3arpy3o4Hoil SD kapTel 00s3aTenbHO
JOIDKEH OBITh (DU3NYECKUM YCTPOMCTBOM,
a HE BHUPTYaJbHOW MAaIlIMHOW, T.K. TpeOyeTcs
npsMoii goctyn k SD kapre);

INOAKIIOUCHUA

—O06paz Windows 10 IoT Core
st Raspberry Pi 2 (MoxxHO cKkadaTh 1O CCBUI-
Ke Ha crpanue http://ms-iot.github.io/content/
en-US/Downloads.htm);

— USB knaBuarypy/ USB MbIs s yripas-
nenus Raspberry Pi (onuonaisHO);

Ilepen ycTaHOBKOH OnEpanmoHHON cHcTe-
MBIl Ha YCTPOWCTBO HY)KHO CHayalja 3amucarhb
e Ha HaKOMHUTEINb, KOTOPBIH OyleT ¢ HUM HC-
MoJb30Barkest. Jlemaercst 3TO CleyromumM 00-
pazom:

— Kauaem o0pa3 Windows 10 IoT Core
s Raspberry Pi 2 (10586.0.151029-1700.
TH2 Release I0TCoreRPi_armFRE.iso)
U MOHTHpYeM ero B BupTyanbHblli CD mpu-
Boj. YcranaBnuBaeM Windows 10 IoT Core
RPi2.msi.

— 3anuce obpaza Windows 10 IoT Core
Ha SD KapTy MOXXHO BBIIOJIHHTH C ITOMOIIBIO
rpaUIeCKOd YTHIUTHI WIH W3 KOMaHIHOU
CTPOKH.

s 3amycka rpadu4ecKoil yTUIIUTHI 3a1y-
cture mnporpammy loTCorelmageHelper.exe.
3areM, B OKHEe MacTepa BeiOepute Bamry SD
KapTy W YKa)KHTe IyTh K (paiiiny ¢ obpa3om cu-
ctemsl flash.ffu (mo ymonganuto ycranasimBa-
ercst B ”C:\Program Files (x86)\Microsoft [oT\
FFU\RaspberryPi2”) u 3anumure o6pa3 Ha SD
JTMCK, HA)KaB Ha KHOTKY Flash.

& Windows oT Cone image Helper 2

Put loT Core onto your SD card

Select the SD card

D: 14Gb [SDHC Card]

Select the image (.ffu)

C\Program Files (x86)\ loT\FFU

Puc. 2. Oxno Windows IoT Core Image Helper

beszonacno n3snekute SD kapty.

[Moaxiouaem k tuiate Raspberry Pi 2 cete-
BO# kabenb, MoHHUTOp uepe3 HDMI, 3anucan-
HYIO Ha mpeapiaymeM 3tarme SD kapty ¢ 00-
paszom cuctembl, USB kabenb n 3arpyxaemcs.
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IlepBast 3arpy3ka OyneT HpOAOIKUTENBHOMN,
T.K. Oy/ZIeT BBHINIOJHEHNE HayalbHas HacTpOiKa
CHCTEMBI, MTOCIIE Yero CUcTeMa nepe3arpy3uThb-
cs1 B HOpMaJIbHOM pexxume. Ha nucriee nomx-
HBI 0TOOPA3UTELCS N300paKSHHE IIaTHl MHKPO-
komnbioTepa u HazBaHue OC, UMsI CHCTEMbI
(mo-ymomuyanuio minwinpc), moiay4deHHbld [P
aapec (ecau B cetn umeercs DHCP cepsep),
CIIMCOK MOJKJIFOUEHHBIX YCTPOMCTB.

to start developing

Puc. 3. Omobpasicenue na ducniee nocne
3a6epuenUst yCmano8Ku

MoXHO cumTarh, 4To ycraHoBka Windows
10 IoT na wmuxpokommbioTep Raspberry Pi
2 ycrmemnHo 3aBepineHa. OCcTaaoch TOIBKO Hay-
YUTHCS T10JIb30BATHCS Oy YHBILIMMCSI IEBAHCOM.

Hcnoan3oBanne muxkpo 1K

YcraHOBJIEHHAs] ONEpalMoOHHAas CHCTeMa
MoJjpa3yMeBaeT yIpasieHHe PHU OMOIIH BeO-
untepdetica. Jlnsg Havana paboThl C yCTpOU-
CTBOM HpI/IILéTCH AKTUBHUPOBATh Ha KOMIIBIOTC-
pe-nouope yrunuty WindowsloTCoreWatcher.
exe M MOCMOTpEeTh, Kakol [P-aapec oHa yka-
xeT. [locie yero momydeHHbIN afpec BOUBaeT-
csl B CTpOKy Opaysepa Ha [1K-moHOpe [2].

B Web Management
AppX Manager

@ Installed apps

Puc. 4. Oxno nacmpouxu IP-adpeca

YrtoObl  aBTOpU30BaThCs,  MOTpelyer-
Csl BBECTH CTaHJIAPTHBIC JIOTUH M IapoJb:
administrator u p@sswOrd. Ilocie »3Toro
yerpoiicteom ¢ OC Windows 10 IoT Core
MOYKHO YTIPaBIATH HETOCPEACTBEHHO M3 Opa-
y3epa.

B 3axioueHne xorenock OBl OTMETHTH,
YTO MCIHOJIb30BaHHE B Ka4eCTBE YIPaBIISAIOLIE-
ro 2JIeMEeHTa MUKpoKoMmIbloTepa Raspberry Pi
2 1O CPaBHEHHIO C MPOrPAMMHUPYEMBIM JIOTH-
YECKUM KOHTPOJLIEPOM, O€3YCIOBHO, SIBISETCS
1esecooOpa3HbIM, TaK Kak BpeMsl padodero
IUKJIa MCHOJHCHUA MNpOorpaMMbl COU3MEPUMO
C COBPEMEHHBIMH INTaHEIBHBIMH KOHTPOJIIEpa-
MH IpH O0Jiee HU3KOH CTONMOCTH.
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