64

PASPABOTKH

MAUKHOCTPOEHHE

Paspaborka

MPOrpGMMHO-ANMMNAPATHOrIoO
KomMninekca Ha oCHOBeée
CMcCTeém peasibHoOro spemeHm

Anexcesi Mapycos

B cratbe paccmatpueaetca npumeHeHne OC peansHoro spemenn On Time RTOS-32
NPY NPOEKTUPOBAHMM CUCTEMBI YUCIIOBOTO NporpammHoro ynpaenenus (CHIMY).
OcHosowm gns crateu nocayxmn onsit OO0 HIMO «Pybukon-UHHOBaAUMS», nonyUeHHBbIH
8 npouecce paspabotkn CHIMY «PeHukcy.

MPUMEPDLI 3ARAY

B Hacrosiiiee Bpemsi Mbl MCIOJIb3YeM
BCE OOJIbIlIE JIEKTPOHHBIX YCTPOMCTB, K
paboTe KOTOPBIX MPEabSBISIOTCS TPebo-
BaHUsI KECTKOTO peajbHOI0 BPEMEHHU.
DTO U MeAMLMHCKOe 000pyaoBaHuUE, Tie
BpeMsi pabOTbl MOXKET OMpelessiTh A03Yy
MOJIy4EHHOT0 O0JIydeHUsI, U METaI000-
paboTka, rae Bpemsl ABUKEHUSI paboyero
opraHa CTaHKa OMpeesisieT pa3Mepbl Mo-
JIy4EHHBIX JIeTajeil, 1 aTOMHasl SHEPreTH -
Ka, rae 3aaepxKa Mmpu yrpaBieHUU peak-
TOPOM MPUBOIUT K U3MEHEHUIO Bbipada-
THIBA€MOII MOIIIHOCTU peakTopa, K IMOJ-
HOIl OCTAHOBKE WJIM JaXe K TeIIOBOMY
pa3pylIeHuIo.

KpoMe TOoro, IMOCTOSTHHO TIOSIBIISIIOTCSI
YCTPOMCTBA TSI HE CTOJTh OTBETCTBEHHBIX
MMPUMEHEHMI, KOTOpbIe TT0 CBOEMY Ha3s-
HAuYeHWI0 CIIOCOOHBI CHeNaTh Hally
KM3Hb 0osiee KOM(OPTHOM, HO Oe3 cuc-
TEM peaJbHOTO BpEMEHU OHU MPOCTO He
Morau 6bl padorath. Komy HyxkeH MP3-
ieep, KOTOPBIN IePUOANIECKA OCTaHAB-
JIUBaeT MpourpbiBanre My3biku? [ToHpa-
BUTCS JIU COTOBBIN TesieOH, KOTOPBIi
MpeKpaliaeT repeaady CUTHaIa Ha BpeMst
TePEeKITIOUeHNUST MeXTy 0a30BBIMU CTaH-
uusmu? KoHeuHo e, Jiydlle, Korja ycT-
poiicTBa paboTalOT CTaOUIIBHO.

VnoO6CTBO U CTaOUJIBHOCTh PabOThI CO-
BPEMEHHBIX YCTPOUCTB BO MHOTOM OITpe-
NIEJISIETCST TeM, YTO OHU TIOCTPOESHBI Ha Oa-
3¢ ornepalnoHHbIx cuctem (OC) peanbHO-
rO BPEMEHU: BHYTPEHHNE MeXaHU3MbI UX
paboTHI He BIUSIIOT Ha CKOPOCTb BBIXOM-
HOTO TIOTOKA MaHHBIX (My3bIKa UTpaeT 0e3
3aepkek, Ha PeakTop CHUTHAJl YITpaBiie-
HUS TiepeacTes ¢ 3alaHHON YaCTOTOM He-

3aBUCHUMO OT JeiICTBUIA oTiepaTopa 1 T.IT.).
Tak mamaiite 3armsgsHem BHYTpb atux OC,
TIOCMOTPUM, KaK OHU UCTIONBb3YIOTCS TIPU
MPOEKTUPOBAHUY YCTPONCTB aBTOMATH3a-
MY Ha TIPUMeEpe CUCTEeMBI UYUCIOBOTO
nporpammHoro yrpasneHust (CUITY).

OnNPEAENEHUE CUCTEMBI
XKECTKOro PEAJIbLHOIO
BPEMEHM

Jns Havana pa3oepeéMcsi, UTO XKe TaKoe
«peajbHOE BpeMsl». DTOT TEPMHUH 4YacTo
BCTpeyaeTcsl B JIMTepaType, HO ompeaese-
Hue emy fgaércs peako. [Tpuuém oH yacro
HUCMOJb3YeTCs HE JUISI ONMMCAHMUSI TeXHM-
yeckux ocobeHHocrelr OC, a w1 MapKe-
TUHTOBBIX 1iesieid. TakuM 06pa3oMm, MosIBU-
JIOCH TTOHSITUE CUCTEMBI «MSTKOTO» Pealb-
HOro BpeMeHUu. B manbHeiiiem, paccyx-
nast 06 OC peajlbHOro BpeMeHU, Mbl OyJ1eM
OMUpaThcsl Ha CIEAyIoIee OnpeaesieHue,
CUHTE3UPOBaHHOE 13 onpeaesieHuii B [1]:

OC peanvHoeo epemenu — amo OC, 6 Ko-
mopoil ycnewHocms pabomsl A00U npoe-
DPAMMbL 3A8UCUM He MOAbKO OM e€ A02utec-
KOl npasuabHOCMU, HO U OM 8peMeHU, 3d
KOMmopoe OHa NOAYHUAQ SMOM Pe3yAbmam.
Ecau cucmema He moxcem y0oenremeopums
BDEMEHHbIM 02PAHUYEHUAM, 00AJCeH Oblmb
3agpurxcuposan cooli 6 e€ pabome.

MmenHo takue OC yacTto Ha3bIBalOT
CHCTeMaMHU KECTKOTO peajlbHOTO Bpeme-
HU. IX MbI 1 OyieM paccMaTpuBaTh Jajiee.

Taxke, roBopsi 00 ycTpoiicTBax peasib-
HOTrO BpeMeHHM, OylIeM UMETh B BUAY YCT-
policTBa, KOTOpBIe OOECTIeYMBAOT pe-
3yJIBTaThl BBIMUCICHUM 32 (PUKCUPOBAH-
HBI TIPOMEXYTOK BpeMeHu. Ecim pe-
3yJIBTAT TPEIOCTABIIEH CIIMIIKOM TO3IHO

(MY CJTUILIKOM PaHO B HEKOTOPBIX CHCTE-
Max), TOJIKEeH ObITh 3a(pKCUPOBaH COOIA.

KOONEPATUBHAS
U BBITECHAIOLASA
MHOrIO3AAAYHOCTDb

[TpakTuyecku J1000€ SIAPO MHOIOIMO-
TOYHOI CUCTEMBbI pealbHOTO BpEMEHMU pa-
0O0TaeT Mo TUIMOBOMY aJITOPUTMY: MEPUO-
JNIMYECKN BBI3bIBAETCS TJIAHUPOBIIMK —
CHCTEeMHas 3ajaya, KoTopasl Orpenesier,
Kakoil M3 3ajgay MoJib30BaTeslsl OTIATh
ClenyolIuil KBaHT BPEeMEHU; 3aTeM Y-
paBjieHUe mepeaacTcs 3agaye MoJib3oBa-
TeJsl, TAe W TMPOM3BOJAUTCS HEIMOCpe.-
CTBEHHO MoJie3Has paboTa; 3aTeM CHOBa
BbI3bIBACTCS MJIAHUPOBIIKMK U T.0. OTIK-
yatorcst OC peaJlbHOro BpeMeHU Mo Bpe-
MEHM TIepeKIIIOYeHUST 3a1ad, Habopy cep-
BHMCHBIX BO3MOXKHOCTEII 1 MOMEHTY, KOT/Ia
MPOUCXOAUT TIepekioueHrne 3anad. Eciu
repenada yrpasJeHHs OT TTIOTOKa K MOTO-
Ky MoxeT rpousBoautbesi OC, roBopsT,
yro OC paboTtaer B CUCTEME BBITECHSIO-
el MHorosamadyHocTh. Ecim ke Tepe-
KJTI0UeHUe 3a1a4 BO3MOXHO TOJIBKO TTOC-
Jie BbI30Ba CUCTEMHOM DYHKUMMU (OIHOM
U3 HECKOJIbKUX CUCTEMHBIX (YHKIIUIA),
MMeeT MeCTO KOOTlepaTHUBHAs MHOTO3a-
JMAYHOCTh. B KakoMm M3 pexXnMOB JIydlire
ucnosb3oBath OC, 3aBUCUT B TEPBYIO
odepenb OT MPOCKTUPOBIINKA CUCTEMBI.
W y TOrOo M y Opyroro pexxmma ecTb CBOM
IUTIOCHI 1 MUHYCHI. [1py McIionbp3oBaHUT
KOOTIEPaTUBHOM MHOT03aJIadHOCTH BCe
ITOTOKY HYKHO pa3pabaTbiBaTh TAKUM 00-
pa3oM, 4TOOBI OHU TIEPUOAMYECKH TIepe-
JaBaJIN yIIpaBJIeHUEe IJIaHUPOBIIUKY CUC-
TEMBbI, a 3aBUCHUMBbIE OT CTaOWJIBHOCTU
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BpEMEHHU OIlepally IMePEeHOCUTh B IIpe-
poiBaHust. [1py UCIIOJIb30BaHMM BBITECHSI-
follleii MHOT033aaYHOCTH, KaK IPaBUIIO,
MOBBIIIAIOTCS HAKJIaIHble PAacXOIbl Ha
nepexmoyeHune 3agad OC, a TakxKe 3Ha-
YUTEJbHO BO3PACTAaeT CJIOXHOCTh IPOT-
paMMUPOBAaHUSI CUCTEMBI: Ul oOpalie-
HUSI K JIIOOOMY T100aJIbHOMY OOBEKTY
HYXHO MCIIOJIb30BaTh KPUTUYECKYIO CEK-
1o wiv melotekc [2]. bonbmmucTeo OC
pealbHOro BpeMEHM MOTYT paboTaTh Kak
B peXuMe BBITECHSIONIE MHOro3amad-
HOCTH, TaK M B peXMMe KOOIEPaTUBHOM
MHOT03aJa4HOCTH, ¥ BBIOOD peXuma Jio-
SKUTCSI Ha TUTEYM MTPOEKTUPOBLINKA.

KOHKPETM3ALMSA 3AQAYMN —
uny

OaHoli 13 BOCTpeOOBAaHHBIX 3a/1a4 B MU -
pe aBTOMaTU3allMM B MOCJAEIHUE TOMAbI
cTaJjla TeMa YMCI0BOro MPOrpaMMHOTIO Y-
pasieHus (YITY). deiicTBUTENIBHO, pPaHb-
e npu paspadorke UITY npuxoaunoch
MOCTOSIHHO CJIEUTh 32 OOBEMOM BBIYMC-
snenuit. Kontpomnepst 80-90-x romoB He
MOTJIM TIOXBACTAThCS U AECATOM OJIEH BbI-
YUCJIUTEJIbHOM MOIHOCTH CPEIHEro Cco-
BPEMEHHOTO KOHTPOJUIEPA, a YacTOTa BbI-
a4y YMpPaBISIIOIIEr0 CUTHAIA OMpPEeAessi-
JIach 33aaHHOI TOYHOCTBIO 0OPaOOTKU U
MHEPIMOHHOCTBIO MPUBOIOB Momad. Ha-
npumep, Ui usBectHoil paHee CUITY
HII-31 sta yacrora coctasisiia 100 Iir. [To
3TOI MpUYMHE alroput™ padotel CUITY
TpeOOBAIOCh KECTKO ONTUMU3UPOBATH, a
Habop CEepBUCHBIX (DYHKIIMN OrpaHuIM-
Batb. [IpuMensTs OC B Takux cuctemax
OBLIO TIPOCTO Helleecoo0pa3Ho.

Bo3MoxXHOCTH COBpEMEHHBIX KOHTPOJI-
JIEPOB TAKOBBI, YTO TTO3BOJISIIOT HE TOJIBKO

KPUTEPUU

CPABHEHUA

VYao6cTBO HanucaHus
ApaiiBepoB

WINDOWS EMBEDDED

YHuduMumMpoBaHHbIit MHTEpdeiic Ans apaitBepa — HanucaHue fpaiiBepa
nepexoanT Ha YpOBeHb Peann3aLun HecKoNbkux dyHKunit. 06meH Mexay
nosb30BaTebCKOM 3afayeit v 4paiiBepoM Npu NOMOLLM MexaH13Ma COOBLLEH N

CYLIECTBEHHO PACIIMPUTh BO3MOXHOCTHU
CUITY, Ho u ucnosnb3oBatb OC, uro B
3HAYUTEJIbHOI CTENEeHU YIPOIIAeT 3a1auy
MPOEKTUPOBaHUS. BOJBUIMHCTBO MpOr-
PaMMUPYEMBIX JIOTUYECKUX KOHTPOJIIe-
POB [laxke peain3yloT 3a7auy yIpaBieHUsI
aJieKTporpuBoaoM. Ha pblHKe Takke
npucytcTBytoT peuieHuss CUITY, Bbinon-
HEHHbIE Ha 6a3e 0OBIYHOTO MEPCOHATBHO-
ro Komribtotepa. PaccMotpum roapoOHee
3a7a4y MnpoekTupoBaHus cucteMbl YITY
Ha OCHOBE CUCTEMbI PEaJIbHOTO BPEMEHU.

CPABHMTEJNIbHBIE
XAPAKTEPUCTUKU OC
PEAJILHOIO BPEMEHM
(Winbows, QNX, On TimE),
BbIBOP CUCTEMBbI

BribepeM onHy M3 Haubosiee TOMysip-
HbIXx OC pealbHOro BpeMeHU ISl pellieHus
Hallei 3anaun (moapodHee ¢ MHGOPMaLIM-
eii 06 atux OC MOXHO O3HAKOMMTbCS
3nech: http://embedded.prosoft.ru/prod-
ucts/types/3995/).

Hauném ¢ Windows Embedded. Jlerko
3aMeTUTh IpermyinecTBa 3ol OC: Hamm-
CaHO OrPOMHOE KOJMYECTBO IpaiiBepoOB
IUTSI CaMOTo pa3HOOOPa3HOro 060pyIOBa-
HMSI, ¥ TIPY KeJTaHWM MTOAKIIOYUTh K Ha-
weit CUITY, ckaxeM, MpUHTEP AOMOJHU-
TeJbHOU pa3paboTKU He moTpedyeTcs. [a-
K€ TOCJIe BBIXOMA CUCTEMBI JIJIST TIOIIePK-
KU HOBOTO OOOPYIOBAaHUSI HYXHO JIWIIb
OyIeT ckayaTh JIpaiiBep C caiita TIpOU3BO-
nutelsa. Jpyroe HeCOMHEHHOE IpeuMy-
IIECTBO — pa3BuUTas rpadudeckas IOJ-
cucrteMa u copMmectumoctb e€ ¢ OC mis
MepcoHaJbHBIX KOMITbIOTEpOB. Pa3paba-
THIBaTh MHTEPdEIC ¢ OTIepaTOPOM MOXHO
B JII0OOI cpelle NMPOSKTUPOBAHUS TIPOT-

CpaBHUTeNbHaA xapakTepuctuka OC peanbHoro BpemeHu

QNX

EnnHoe appecHoe NpocTpaHCTBO U NPAMOI JOCTYN K
nopTam no3BoAAtoT paspaboTarb ApaliBep ¢ N0OLIM
nHTEpeiicom

paMM Ha IEepCOHAJbHOM KOMITbIOTEpE.
K Hepocratkam 310t OC MOXHO OTHECTH
BBICOKHE TPeOOBaHUS K pecypcam.

Paccmorpum QNX. Ilpaktuyecku Bcé
CKa3aHHOE MOXHO OoTHecTH M K 31oit OC.
[ paiiBepoB nepudepuitHoro odbopynona-
HUSI, KOHEYHO K€, MEHbIlle, HO BCE OC-
HOBHBIE TIPOM3BOAUTETN TepudepuitHo-
ro 000pynoBaHus He 3a0bIBAIOT U MIPO 3Ty
cucremy. Cpena MpOEKTUPOBAHMS TIPOT-
pamm rioctasisiercst BMecte ¢ OC. Pa3Bu-
Tas rpaduueckast mojcucTeMa, MUPOKUIA
HabOp CEePBUCHBIX BO3ZMOXHOCTEl — BCE
9T0 no3Bojimiio QNX 3aHSITh TOBOJIBHO
IIMPOKYIO HUIIY Ha PBIHKE OTEepalfoH-
HBIX CUCTEM peajlbHOTo BpeMeHU. [lo
npou3sBonuTesbHOCTH 3Ta OC TpeBocxo-
T Windows Embedded, Ho 11eHa BecbMa
cymectBeHHa Ha ¢oHe RTOS-32 (On
Time Informatik).

RTOS-32 (On Time Informatik), wim
On Time RTOS-32, ommyaetcs HU3KUMUA
TpeboBaHUAMMN K pecypcam. OHa Tipen-
craBisieT coboit Habop OMOJIMOTEK U He
SIBJISIETCSI CPENOU [UTSI BBITIOTHEHUST TIPOT-
paMM, KaK TPUBBIYHBIE COBpPEMEHHBIE
OC. Kox xommumupyeTcst B cpene pas3pa-
0otk niporpamm Ha [1K, 3atem roroBblit
TIBOMYHBIN (haiil 3amMCchIBaeTCS Ha TUIaT-
dopmy. Takas peammzanust OC o0bsICHSIET
e€ OCHOBHBIE ITPENMYIIIeCTBA U HEOCTaT-
KU: C OJHON CTOPOHBI, OUYEHb BBICOKAS
MPOU3BOAUTETHLHOCTD, 3aMEeTHO Ooee
HM3Kas 1leHa, HU3Kue TpeOoBaHUS K MPo-
1eccopy (Hy>KHO To1bKOo nMeTh BIOS), a ¢
NIPYTOi1, MEHBIITNIT HAOOP CEPBUCHBIX BO3-
MoxHocTeil. Kpome Toro, peanmsanus
NpaiiBepoB Bcero nepudepuitHoro ooopy-
noBaHUs, He nomiepxaHHoro B OC, no-
JKMTCS Ha TIIeYr pa3paboTyuka.

Ta6bauya 1

ON TIME RT0S-32

Ha6op 6ubnuorex

Bonblwoe KoNMYecTBo noaaepKUBaeMbix yCTpOinCTs, GyHKLUM paboTsl ¢ 6azamu
AaHHbIX, MPOCTON AOCTYN K (haitnoBbiM pecypcam (ROCTYN K daliny Ha yAanéHHom
MalMHEe OTNNYAETCA TONbKO YKa3aHUEM NOJTHOTO MyTH), eCTb CUCTEMHBbI XKypHan
OWKBOK, BO3MOXKHO NpuMeHeHue Nio6bix 6ubnmnotek C/C++

Hu3koypoBHeBble fipaiiBepbl, MUHUMaNbHAA NOAAEPKKA
nonb30BaTeNbCKOro UHTepdeiica (okHa, rpaduka)

WHTepdencb

USB 2.0, IEEE 1394, 802.11x, IrDA, UPnP, RDP, Bluetooth, CAN, PROFIBUS u ap.
Xopouwas nofaepxka creka npotokonos TCP/IP

USB, RS-232. MNoppepxkka cteka npotokonos TCP/IP
peanu3oBaHa B MeHblueM 06bEME NO OTHOWEHUIO K

Windows Embedded u QNX. OcTanbHble npoToKonsl

peanu3yloTcs Npu NoMoLK ApaiiBepos

®DaiinoBble cMcTeMbl M
KOTOPOro HeT ApaiBepa noj

Windows

Mpaktnyeckn Bce. TpyaHO HalTy
YCTPOWCTBO XPaHEHUS AAHHBIX, ANS

LLinpoknit cnekTp ¢aitnoBbIX CUCTEM,
BK/toYasn o6pasHyto (aiinosylo cuctemy,
taitnosyto cuctemy B 03Y unu Ha naw-
aucke, daiinosble cuctemsl QNX, Linux,
DOS, CD-ROM, DVD, NFS, CIFS, nakeTHyto

CO CXatunem

Mogynb aiinosoro BBoga-sbiBoaa RTFiles 32 no3sonser
CMnonb30BaTh CTaHAAPTHbIE DYHKLUUM PaboTbl C
chaitnosbiMu cuctemamu FAT 12, FAT 16 1 FAT 32 1 paboTars
¢ noGbiMu TMNamu Hocuteneit (HTMA, HXMI, dpnaw-
AVCKY, cTaTuyeckas namsats, USB-gucku, CD ROM n DVD).
tainosyto cuctemy u daitnosyio cuctemy | HectaHpapTHoe 060pyaOBaHME MOXKET NOAAEPKNBATLCS
yepes fipaiiBep € NPOCTbIM UHTEpP(encom

JinueHsum

OTYncneHmns ¢ Kaxzaon npofaHHoM
KOMUK C NpefBapuTeNbHbIM 3aKa3oM

OTYMCNEHUs € KaX[oi NPOAAHHOM Konuu
C NpefBapuUTeNbHbIM 3aKa3omM (2—4 Hepenu)

Het otuncnenuit. Mokynaetcs Habop pa3paboTku

CroumocTb Habopa

paspa6oruuka cuctem

Camas HU3Kas u3 paccmaTpuBaembix

[loBonbHO BblCOKas

KomnnekTyeTcs ans KOHKpeTHo 3apaun. [ins
npoektupoBanus CHMY BaBoe Huxe, yem y QNX

Noppepxusaembie

e Tonbko x86 (kak B 1K)

ARM, PowerPC, MIPS, x86, SH

x86, nobas nnarpopma c BIOS

CTA 2/2010

www.cta.ru

65



66

PA3PABOTKM/MALUMHOCTPOEHME

B Tabu. 1 cBeAeHbI OCHOBHBIE, C TOYKHU
3peHUsI TPOEKTUPOBAHUST aBTOMATU3UPO-
BaHHOI CHCTEMBbI, XapaKTEPUCTUKHU pac-
cmotpeHHbIx OC.

Ectb e1i€ ongHa xapakTepucTrKa, KOTo-
pasi B 3HAUUTEJbHOI CTETMEHU BJIUSIET Ha
BeiOOp OC, — 370 3(D(HEeKTUBHOCTL MC-
MoJib30BaHusl pecypcoB. Ilpu e€ onpene-
JICHUU HEOOXOAMMO YYHUTHIBATh BpeMs
MEePEeKII0YeHUs 3a1a4, MUHUMAaJIbHYIO
KOH(UTypalMo CUCTeMbl UISI COOTBET-
crBytoleit OC, BpeMmsi peaklMu Ha CUC-
TeMHoe coObITue (cemacdop), BpeMsi BXO-
Jla ¥ BbIXO/1a U3 npepbiBaHus. Kak rpaBu-
o, OC peanbHOro BpeMEHU UCITbIThIBA-
JOTCST Ha pa3HOM 00OPYIOBaHUM, KOTOPOE
BHOCHUT TOTPEITHOCTh B aHAJTU3UPYeMble
NaHHBIE, TTO3TOMY TOYHO OIEHUTH KaX-
IIy10 cucTeMy He Tosryuntcest. OmHako, 03-
HAaKOMUBIIUCh C MCCICIOBAHUSIMU (MC-
cnepoBanue Dedicated System Experts
Windows CE 6.0 Embedded na Intel
Pentium MMX 200 MIi1, nokyment EVA-
2.9-TST-CE-x86-62; HccIie0BaHue
Dedicated System Experts QNX Ha
PowerPC MPMC7410 333 MIi1, moky-
MeHT EVA-2.9-TST-QNX-PPC-01-101)
n ounnanbHoOM NOKYMEHTALMEN
(http://www.on-time.com/rtkernel-
32.htm), MOXHO MPUITU K BBIBOAY, YTO Y
Windows Embedded cpaBHUTEbHO HU3-
kas apdextuBHOCTh, y QNX cpennsis, ay
On Time RTOS-32 camast Bbicokasi 3¢-
(beXTUBHOCTL UCIIOJI30BaHUSI PECYPCOB
Cpeau paccMaTPUBAaEMbIX CHCTEM.

PaccMoTpeB Bce Tpu cucTEMBbI, MOXKHO
clenaTh BBIBOA: JJISI TIPOEKTUPOBAHUS
YITY, ocobeHHO Ha MepBOM 3Talle, Jydlle
Bcero rogxoaut On Time RTOS-32. Bor
OCHOBHBIe KayecTBa 3Toii OC, MOBIMSIB-
LK€ B HAallleM cllyyae Ha €€ BbIOOp:

@ MoJIepXKaHbl COBPEMEHHbIE HAKOMUTE-

JIM U KaHaJIbl TIepefayu TaHHbIX;
©® HU3KME HaKJIaJHble PacXodbl MPHU BbI-

30B€ CUCTEMHBIX (DYHKIIMIA;
©® HEBBICOKAsI, TI0 CPABHEHMIO C OCTallb-

HbiMu OC, CTOUMOCTD;

@ MOJJIepXKKa JHOOro MPOMBIILIEHHOTO

KOHTpoJLIepa.

PASAENEHME 3AAAYM HA
BJIOKU, ONUCAHUE OCHOBHBbIX
BJIOKOB C NTPUMEPAMM
UCNOJNIb3OBAHUSA
MEXAHU3MOB OC

OCHOBOIl /ISl peaju3ally CUCTEMbI
YITY Ha 6aze On Time RTOS-32 moxeTt
CIYKUTh JIFOOOI TPOMBIIIEHHbBIN TPO-
1eccop. I[poiecc anantupoBaHus onepa-
LIMOHHOM CHUCTEMbI K KOHKPETHOMY TpO-
11eCCOpY CBOAMTCS K HACTpoOliKe (pusnyec-
KOTo KaHaja oTiaguuka (HOMEp M CKO-

POCTb TOCJIEAOBATELHOIO MOPTA WX afl-
pec u nopt miass TCP/IP-coenuHeHus).
st padotel ¢ OC, Kak, BIpoyeM, W st
paspaborku YIIY, morpebyercst cpena
pa3paboTKu MporpaMm. DTO MOXKET ObITh
Microsoft Visual Studio nu6o Borland
Developer Studio, Tak kak On Time
RTOS-32 nonaepxusaer Win32-kommnu-
sstopbl oT Borland u Microsoft (o naH-
HbIM oduuMaibHoro caiita On Time
Informatik).

Ternepb Bce MHCTPYMEHTBI TTOATOTOBJIC-
HBI, MOXHO TIPUCTYNAaTh K MPOEKTUPOBa-
HUIO CCTEMBI.

PaccmoTpum paboTy aGCTpakTHOM cuc-
tembl YITY, obOpaiasi BHMMaHue (B TeKC-
Te BBIIEJIEHO KYpPCHBOM) Ha BXOIHBIE U
BBIXOJHBIC TAHHBIE MPOCKTUPYEMOI CHC-
TeMbl. [JaHHbIe TTOCTYMAIOT WJIW U3 MeXHO-
snoeudeckoil npoepammol (padoTa B aBTOMA-
TUYECKOM peXWMe), WU OT olleparopa
yepes Hajcamue KAasuul Ha nyasme ynpas-
neHus cmankom (Py4dHON pexum). DT
NaHHBIE TPE0OPa3YIOTCS B nepemeujenus
UCNOAHUMENbHBbIX MEeXAHU3M08 U pabouezo
opeana cmauka, TaHHBIE O TEKYIIEM TIO-
JIOKEHUU  KOTOPOTO  TIPUHUMAIOTCS
CUITY ot damuuxoé obpamuoii ces3u.
Aneopummbl ynpasnerus: 21eKmpoo6opyoo-
eanuem cmavka padboTaIOT MOCTOSTHHO W
obecrieunBaloT HOpMaJIbHYI0 paboTy crc-
TeMbl. Harmpumep, MocToSTHHO OTCTeKnuBa-
I0TCSI 6X00Hble CUeHaNb! ABAPUITHBIX KOHIIE-
BBIX ITEPEKITIOUaTeIIeii, KOTOphIe cpabaThi-
BalOT TIpU BBIXOJE pabodero opraHa 3a
npeneibl paboueid 30HBL. B aToM ciydae
paboTa OCTaHaBIMBACTCS, 8b10AEMCs CO00-
wenue 06 owuodke. Pabora CUITY ompene-
JISIETCST TaKXKe HAOOPOM HACMPAueaemvix
napamempoas.

Terepsb 3amuIreM BXOIHBIC ¥ BEIXOTHBIC
aHHBIC W KPaTKO PACCMOTPUM KaxKIbIil
W3 3TUX HAOOPOB JaHHBIX.

BxomHbie naHHbBIE:
® TeXHOJIOTMYecKasl rmporpaMma B KoJax

sa3bika 1SO 6983;
©® JATYUMKU TIOJOXEHUSI KOOPAMHATHBIX

oceilt;
® KJ1aBUaTypa;

® CUTHaJIbl OT BJIEKTPOOOOPYIOBaHUS
CTaHKa;

® AJITOPUTM  YIpaBJAEHUS CUTHaJaMu
3JIEKTPOABTOMATHUKMU;

@ Habop IapaMeTpoB, adalTHUPYIOIIUX
YITY K KOHKPETHOMY CTaHKY.
Boixonnbie nanHbie CHITY:

@ CUTHAJIbl YIIpaBJIEHUs 3JIEKTPOOOOpY-
JOBaHUEM CTaHKa;

@ CUTHAJIbI yIIpaBJIeHMs IPUBOAAMU OCeit
rnojav;

® uHdopMauus, orodpaxaemMasi Ha MyJib-
Te orepaTopa.

TexHonmoruyeckasi mporpamMma Mpea-
cTaBJIsieT coOOi TEKCTOBBINM (haiil U ompe-
JIeJISIET aITOPUTM JIBMXKEHUST pabouyero op-
raHa CcTaHKa, a Takke MOpPSIOK BbITIOJHE-
HUS TEXHOJIOrMYecKuX Kkoman. st pazoo-
pa nporpaMMbl HaM TMOTpeOyeTcsl UHTEPI-
peratop. [asee 3anaHue Ha TrepeMelieHue
HY>XKHO Tpeodpa3oBaTh B CKOPOCTh JABMXKE-
HUS paboyero opraHa cTaHKa — 3TO TUITHY-
HbIIf BXOIHOIN CUTHaJT OOJIbIIIMHCTBA MPU-
BOMIOB. J1J151 5TOr0 HY>KHO B COOTBETCTBUMU C
3alaHHbIM MaKCHUMaJIbHbIM YCKOPEHUEM
pabouero opraHa CTaHKa paccyuTaTh CKO-
POCTHYIO XapaKTEpUCTUKY IBWXKEHUs. [laH-
HOI 3a/1aueit 3aHUMAeTCsl MUHTEPIOJISITOP.

711 KOHTPOJIsI MO3ULIMK paboyero op-
raHa CTaHKa W OpraHu3aluMu OOpaTHOM
CBSI3U MCIOJIB3YETCSl MOJYJIb PETYJsITOpa
nojoxxeHust. Kak mpaBuio, B cucreMax
YITY perynupoBaHue MPOBOIUTCS C MOC-
TOSIHHBIM CUCTEMHBIM TaKTOM, TaK Kak
MPU 3TOM 3HAYUTETBHO YIPOIIAIOTCS 3a-
KOHBI PEryJMpoBaHUs U Jierye U30exarb
caMoBO30yXeHus cucteMbl. OOBIYHO
KUCIOJIb3YeTCs MPONMOPLUUOHAIBHO-UHTET-
panbHO-IUbdGEpeHIIMATIBHBIIA PETYISATOP
nojoxenus (ITWU-perynsitop).

Jlnst Bcero mepudepuitHOro obopyno-
BaHUS HaM MOHAA00STCs ApaiiBepsbl.

JIist 06pabOTKM JaHHBIX C MyJIbTa OIle-
paropa M MHIMKALUMU BBIBOAMMON WH-
dopmMalru HYXHO MPEeayCMOTPETb MO-
nyab uHTepdeiica mojab3oBaress.

HyXHO MOMHHMTB, YTO KaXXIblil cTa-
HOK — CJIOXHBIA MEXaHU3M, KOTOPBIA
MMeeT MHOXECTBO XapaKTEPUCTHUK, & YeM
MEXaHU3M CJIOXXHEE, TEM MEHbIIIE BEPOSIT-
HOCTh HaliTW el OOWH, B TOUHOCTU €O
nopropsioimii. [TosTomy nt06ast ynodbHast
CHCTeMa, CIIPOSCKTUPOBAHHAS IJIST KOHK-
pEeTHOro CcTaHKa, OyaeT NPUMEHSIThCS
TOJILKO Ha 3TOM CTaHKe (Ja ¥ TO B JIy4IIIeM
ciaydae). Takast cympba MpoeKTa Hac He
yCTpamBaeT, MO3TOMY MPH TTPOECKTUPOBa-
HUU OylIeM OpUEHTUPOBAThCS Ha TPYIITY
CTAaHKOB, a 3HAYUT, IPUAETCS OaTh MOJTb-
30BaTeNI0 BO3MOXHOCTh aIalTUPOBATh
CUCTeMY K KOHKPETHOMY CTaHKY TNpHU
TMOMOIIM OIpeNeEHHOr0 Habopa Tapa-
METpPOB.

Jnst Toro uroosr YITY mMoxHO OBLIO
aganTUpOBaTh HE TOJIBKO K pa3HBIM CTaH-
KaM OJHOU CEepUU, HO U K JTIOOOMY CTaHKY
(pe3epHOli WM TOKAPHOI TPYIIITHI, HYX-
HO YYWUTBIBATh, YTO B Pa3HBIX CEPUIX
CTAHKOB UCITOJIb3YIOTCS pa3HbIC SJICKTPH-
YECKHUe CXeMbl, HAOOPBI CUTHAJIOB U aJIro-
PUTMBI YIIpaBJICHUS 3JEKTPOOOOPYIOBa-
HueM. CrenoBarebHO, HAM HEOOXoauMa
BO3MOXHOCTb 3a/1aBaTh 3TOT aJITOPUTM U
MEHSITb €ro I0 Mepe HEeOOXOAUMOCTH.
Brok, pematommii 3Ty 3amady, Ha3bIBaeT-
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csl TIPOrpaMMUPYEMbIM KOHTPOJIIEPOM
3JICKTPOABTOMATUKM (MM MOAYJIEM
3jeKkTpoaBToMaThKu). [lporpamma st
KOHTpOJIJIepa 2JIEKTPOAaBTOMATUKU TOTO-
BUTCSI Ha ONHOM M3 SI3bIKOB CTaHIapTa
IEC 61131.

Ha puc. 1 nmpuBeaeHa ynpoluéHHas
cTpykTypHasi cxema cuctembl YITY, moct-
POEHHOI MO OMUCAHHBIM MTPUHIMIIAM.

IIpu padore CUITY umkinyecku BbI-
MOJIHSIETCS MporpaMma Lerneii 3J1eKTpoaB-
TOMATUKU, Pe3yJbTaT KOTOPOU MepenaeT-
cs IpaiiBepaM IUIaT 3JIeKTPOaBTOMATUKK
B BUJI€ BBIXOIHBIX CUTHaJOB. C 3THX Xe
IJ1aT yepe3 IpaiiBep Ha MOIYJIb JIEKTPO-
aBTOMAaTUKM TIPUXOIUT HMHMOpMaLUS O
COCTOSTHMY BXOJIOB.

[Monoxenue pabodero opraHa cTaHKa
KOHTPOJIUPYETCST PETYISITOPOM TTOJTOXKE-
HUSI: CUTHAJI ¢ JaT9uKa OOpaTHOM CBSI3U
yepe3 ALLIT u npaiiBep MomyJsst yripaBye-
HUST IPUBOJAMM ITOCTYTIAeT Ha BXOJ Pery-
JIATOPA, BBIYUCIISIETCS 3HAUEHUE OITMOKU
MmoJioxkeHus pabovero opraHa. Jlanee, B
3aBUCUMOCTH OT ITapaMeTPOB PEryJsiTopa,
TUTST KaKITOM M3 0cel CUCTeMBI PACCUUTHI-
BaeTCsT CUTHAJT YITpaBJIEeHWs. DTOT CUTHAI
yepe3 apatiBep nepenaércs Ha LIAIT u na-
Jiee Ha TIPUBO/I.

Mopaynab KoHTpoJist cocrostHust CUITY
coOupaeT TaHHbBIE O COCTOSTHUM CUCTEMBI
1 UHGOPMUPYET 0 HEM oleparopa Jepe3
uHTepdelic Moab30BaTes.

[lepeunciieHHbIE MOJYJIU TMOJHOCTHIO
OTIMCBIBAIOT CUCTEMY B COCTOSTHUM PaBHO-
BecHsl, TTOKa He TTOCTYIUT 3aIllpoc Ha BbI-
MOJTHEHNE KOMaH/IbI WJIU TTPOTPaMMBI.

PaccMoTpuM BBEITIOTHEHUE OTHOM KO-
MaHael. Onepatop ¢GoOpMUPYET KOMaHIy
Ha TyJIbTe YIpaBJICHUs, TIPU 3TOM peak-
IIMs Ha HaXXaThe KHOITOK M OToOpaxkae-

MBI pe3yJIbTaT MOJHOCTBIO HAXOISTCS B
30HE OTBETCTBEHHOCTH WHTep(deiica
nosb3oBatenst CUITY. Korma BBOm 3a-
KOHYCH WU oIlepaTop Haxkajl KHOIKY
«[lyck», KoOMaH/1a TTOCTYIIaeT Ha BXOJ MH-
TepIipeTaTopa, Tie Ipeodpa3oBbIBACTCS B
YIOOHYIO IIJIST CUCTEMBI CTPYKTYpY IaH-
HBIX (BBIYUCIISTIOTCSI 3aJaHHBIC TIepeMe-
LIEHUS TTI0 KOOPAWHATHBIM OCSIM, BEKTOP
MMOATOTOBUTEIbHBIX (DYHKIIWIA, OCHCTBY-
JOIIMX TIPY OTPaOOTKE KOMAH/IbI, OTAEISI-
eTcsa MHOOpMaIus ST CUCTEMBI 3JICKT-
poaBTOMaTUKM). PazoOpaHHBIC TEXHOJIO-
rUYecKre KOMaH/Ibl IOCTYMAIOT B MOIYJIb
3JIEKTPOABTOMATUKU. JlaHHBIE O HOBOM
MOJIOXKEHUN pabovyero opraHa rmocTynarT
B MHTEPIIOJISITOP, TIIe ¢ YIYETOM peaTbHbBIX
OrpaHWYEHUI cTaHKa (MaKCUMaJIbHOU
CKOPOCTH IBWXKECHUSI paboyero opraHa,
3aKOHA M3MEHEHMSI YCKOPEHMS, MaKCH-
MaJIbHOTO 3HAaYeHMsI YCKOPEHUS U T.II.)
BBIYUCJISTIOTCS 3aJaHUsT Ha TIepeMEIICHUS
IIJIST KaXKJA0To CUCTEMHOTO TakTa. MIMeH-
HO WHTEPIIONSITOp OTBeYaeT 3a TO, 4TO
rmocJjie OTpabOTKM KOMaHIbl paboumii op-
raH CTaHKa OKaXXeTCs B MOJIOXKEHUM, 3a-
JTAaHHOM OIlepaToOpoM. 3afaHus Ha Tepe-
MeleHus noctynatot Ha Bxon I[THU/-pe-
TyJsiTOpa B BUIE M3MEHUBIICICS 3adaH-
HOI KOOpAWHATHI, U CUCTEMa MPUBOIUT-
csl B IBUKEHUE.

PaccmotpuM, KakuM 00pa3oM BbIOpaH-
Hag OC MoOXeT NHOMOYb peajn30BaTh
MPUBEAEHHYIO CXEMY.

OueBUAHBLIM pelleHreM i OJIOKOB,
KOTOPBIE€ BBITIOJTHSIOT HMKINYECKUE BbI-
YUCIUTENIbHbIC 3a1a4u, SIBJISICTCS MpUMe-
HeHue noTokoB. [loa Takoe omucaHue B
MPOrpaMMHOI YacCTH CHUCTEMBbI MOAXOIST
Bce Monyau. [Ipu aToM npaliBepsl jyuiie
OTHECTHM B OAWH TOTOK C HaMBBICIIUM

MPUOPUTETOM — CTAOMJIBHOCTb TaKTa BbI-
Jlauu ynpasisiioleit iH(popMaluy v rnpu-
éMa curHaja oopaTHOM CBSI3U ONpeaesisieT
TouHocTh CUITY.

On Time RTOS-32 mnpenocraBiser
BecbMa MpOCTOil MHTepdeiic st co3aa-
HUS U yIpaBJIeHUs TOTOKAMMU:
® RTKCreateThread 1 RTKRTLCreate-

Thread — cosmanHue notoka (BTOpast

(byHKIIMST MCTIONIB3YET MHOTOIMOTOYHYIO

BEPCHIO OMOIMOTEYHBIX (DYHKLIMIA TTpU

CO3JIaHUM TIOTOKA);
® RTKResume — 3amnyck;
® RTKSuspend — npuoctaHoBKa BbIIOJI-

HEHUS;
® RTKTerminateTask — yHuuTOXEHME.

B nucrtunre 1 npuBeaéH npumep cosna-
HUS M YIIpaBJeHUS TTOTOKOM MPU TTOMO-
1M 3TUX (QYHKLIMIA.

IIpu npoekTUpoBaHUM HaM TMTOTPEOYIOT-
¢sl TOJIBKO ABe (DYHKIIMU: CO3aHKe TTOTOKA
M 3aITyCK €Tro Ha BBITTOJIHEHUE. YIIpaBlieH1e
MOTOKaMU TPU TIOMOIIM BHEIITHUX (DyHK-
mii RTKSuspend/RTKResume nydiiie He
HUCToJIb30BaTh. Hampumep, mnpencraBum
Takylo cutyauuio. [T0ToK, BIYMCSIOIINIA
3aKOH U3MEHEHMUSI KOOPAMHAThI (MHTEPITO-
JISITOP), ObUI OCTAaHOBJIEH TIPU TTOMOLIUA
¢yukuuu RTKSuspend. Ilepen ero 3amyc-
KOM B CHCTEME YMEHbBIIWIOCh 3HauyeHUe
MaKCUMAaJIbHO ITOTTYCTUMOTO YCKOPEHMSI.
IMocrne 3armycka MHTEPIIOISATOP MOXKET Ha-
yaTh TeHEPUPOBaThb HECOTIACOBaHHbBIC
TAHHBIC [UTST PETYJISITOPA TIOJOXKEHWST, WIN
He yCIleeT OCTaHOBHUTH pabouuii opraH
CTaHKa BOBpEMsI, WJIK B OOBIYHO BEPHBIX
¢dopmysiax BO3HUKHET OILIMOKa (IesieHue
Ha 0, KOpeHb W3 OTPHIIATEJILHOTO YHMCIia
U T.11.). B 00111eM ciyyae rnoseneHue cucre-
MBIl B TaKOW CHUTyallud He OIpeaesieHo.
YToOb! U30€XKaTh 3TOr0, HY>KHO JTUOO WH-
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lporpammHas 4actb GHMY

[paiiepbl Mogynei
3/1eKTPOABTOMATNKM
Mogynb

BbIX0AHbIE CUrHAMbI

| BxofiHble CurHas
o

9NEKTP0aBTOMATUKN

WnTepdeic
nonb3oBarens

\

K anektponpusogy

/ KoHTponb
COCTOAHNS
VIHTepnpemEI—» Fakrity

\ [paiiepbl Mogynei
ynpasnexus
A npuBoAammn

VuTepnonstop

Perynstop
NONOXeHNs

OT pat4nkos

[paiisep
nynbTa

ynpasnenus

Puc. 1. CTpykTypHas cxema cuctembl YMY

JIEKCUPOBATh BCE MapaMeTphbl, OT KOTOPBIX
3aBMCUT MIOTOK B KAXIOM €ro IIUKJIe (XOTs
JIaXXe 9TO He M30aBUT OT BCEX MePeUrCIIeH-
HBIX MTPo0JIEM), JTMOO 3a0bITh PO YITpaBjie-
HHUE TOTOKAMM IPY ITOMOIIM BHELIHUX
¢yHKLMI yrpaBiaeHUust coctostHueM. Ort-
Mevy, YTO TIPUBEAEHHBIC PACCYKICHUST Ka-
catotcs moooit OC.

AJBTepHATUBOM BHEIIHEMY YIIpaBiie-
HUIO TIOTOKaMM SIBJISIETCS YIIpaBJIEHUE
BHYTpeHHee, KOra IOTOK U3MEHSIET CBOE
COCTOSTHME B 3apaHee OIpeIeIEHHOW 1M

TOYKE, a M3BHE €ro TOJbKO 3aITyCKaroT
WU «IIPOCSIT» OCTAHOBUTBLCS IPU ITOMO-
11 KaKOTo-JIMO0 MeXxaHW3Ma CHHXPOHH-
3auuu. B On Time RTOS-32 njis1 cuHxpo-
HM3alMKU ITOTOKOB MPEIyCMOTPEHBI Clle-
ITYIOIITEe MEXaHU3MBI:

@ II0YTOBbIE SIIUKH;

® ceMadophl.

IIpu NpoeKTUPOBAaHUM CHUCTEMbI YI100-
HO IMOJIb30BaThCd M TEMU U APYrMMH. Bot
KaK BBIJISIAMT Oe30MacHBIi MeXaHU3M
yIpaBIeHUsI MOTOKOM TPU MCIOJIb30Ba-
HuM cemacdopa:
® 1OTOK XIET ceMacdopa;

@ xorna ceMadop ycTaHOBJIEH, ITOTOK Ha-

YuHaeT paboTaTh.

W at0 Bcé. Ipoie He ObiBaeT. Jlist yn-
paBJieHUs] TaKMM T[OTOKOM JOCTATOYHO
yCTaHaBIMBaTh M cOpachiBaTh COOTBET-
cTByloLIM cemadop. U3MeHUM TMpeabiay-
LU IPUMEP, UCITONIb3YsT YIIPaBICHHE 10~
TOKOM IIpH IoMoIu ceMadopa (cM. Jiuc-
TUHT 2).

TIpumepHO Takoi ke MeXaHU3M MOXHO
HCIIOIb30BaTh IIPY CUHXPOHU3ALIMU C T10-
MOIIIbIO MTOYTOBBIX SIIUKOB:
® I[IOTOK BBI3BIBACT CUHXPOHHYIO (DYHK-

LIUIO MTOJIy4YeHUsT COOOIEHMSI U3 IIOYTO-

BOTO SIIINKA;
® [OTOK OoOpabaThiBaeT IIOJyYEeHHbIE

JaHHbIE.

TTouyTOBBIE SIIIMKKM, OYEBUIHO, TAKXKe
SIBJISIIOTCS MJIeaJIbHBIM CPEACTBOM JJIST 00-
MeHa CTPYKTYPUMPOBAaHHBIMU IaHHBIMU
MEXIy TTOTOKAMH U TTO3BOJISIIOT OpraHM-
30BaTh OPMEHTMPOBAHHYIO Ha COOBITHS
MoJieJib 00pabOTKU MH(MOPMALIMH.

On Time RTOS-32 no3BoJisieT UCTOoJIb-
30BaTh CJIeAyIOIIMe TUITH ceMahOpOB:
® OuHapHbIii — cemadop ¢ aBTOCOPOCOM

(I1s1 TOro 4TOOBI TEJO MOTOKA B OIKM-

CaHHOM MeXaHM3Me BBIITOJIHUJIOCH BTO-

pOii pa3, Hy>KHO eI1I€ pa3 MoaaTh CUTHAI

Ha 3TOT ceMabop; MMOcIe Kaxaoro npo-

XO0J1a TIOTOK OCTAHOBHUTCSI CaM);
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@ CUETHBIN — CKOJIBKO pa3 oMM CUTHAI
Ha cemadop, CTOIbKO pa3 OH 1 CpaboTaeT;
® COOBITHE — TTOCJIEe YCTAHOBKM TaKOTO Ce-
Madopa OH OCTa€Tcsl B aKTUBHOM COC-
TOSIHUM JI0 TeX TOop, MOoKa ero He coOpo-
CIT BpY4YHYyIO (eciud paccMmaTpuBaTh
NMpUMEHeHKe Takoro ceMadopa s yr-
paBJieHUsI TTIOTOKOM, TO, YCTaHaBJIMBasl
ceMadop, MbI 3amyckaeM paboTy MoTo-
Ka, a cOpachiBasi — OCTaHABJIMBaeM, HO

TOJIBKO Tepe]l CASTYIOIIUM LIUKIIOM);
® pecypc — 3TOT TUI cemadopa crenu-

aJIbHO MpeAHa3HayeH Il YIpaBIeHUs

pecypcamu; OC oOTCleKMBAET, YTOOBI
3aXBaT U OCBOOOXIEHME TaKUX CeMa-
¢GopoB MPOU3BOAUIUCH OJHUM U TeM

XK€ TIOTOKOM; TaKXe TapaHTUpyeTcs,

YTO MPUOPUTET MOTOKA, 3aHSIBILIETO pe-

cype, OyAeT Io KpailHeil Mepe MakKCu-

MaJIbHBIM U3 MPUOPUTETOB IOTOKOB,

9TOT PeCypc OXUIAIOIIMX;

@ MbBIOTEKC — TUI pecypcHoro cemadopa,
€IMHCTBEHHOE OTJIMYME KOTOPOIro 3a-
KJII0YaeTcss B TOM, YTO BJaaerolIuit
MbIOTEKCOM TMOTOK MOXET 3axBaTUTh
MbBIOTEKC el pa3s.

Crenytouye GyHKIIMA TPEeI0CTaBISIOT
yIOOHBII corjlacOBaHHBIN HWHTepdeiic
IIJIS1 UCTIOJIb30BaHUs ceMahOpoB:
® RTKCreateSemaphore — co3gaHue ce-

madopa;

® RTKSignal — 3anuch B ceMadop oaHO-
ro COOOILEeHUS;

® RTKWait — cuHXpoHHOE OXMIaHue ce-
macopa;

® RTKWaitCond — acuHXpOHHOE OXKH1a-
Hue cemagopa;

® RTKWaitTimed — oxunanue cemacdo-
pa B TeuyeHME 3aJaHHOrO MPOMEXKYTKa
BpEMEHU;

® RTKPulse — 3amyck Bcex MOTOKOB,
OXMIaBIIMX ceMahdop, 1 HeMeIJIeHHbIIA
cOpoc atoro cemadopa;

® RTKResetEvent — copoc cemadopa;

® RTKDeleteSemaphore — ynaneHue ce-
macopa.
Jns paGoThl C MOYTOBBIMU SIIIMKAMU

HCIIONIBb3YIOTCS CeayIonie QYHKIIMN:

® RTKCreateMailbox — coznaHue nouyrto-
BOTO SIIIIUKA;

® RTKDeleteMailbox — ynajneHue moy-
TOBOTO SIIIMKA;

® RTKClearMailbox — o4ucTka MOYTO-
BOTO SIIIIMKA.
JlJist ynpaBieHUs] COOOINEHUSIMU €CTh

Takue QYHKIUU:

® RTKPut — cunxpoHHas (pyHKUUS Tie-
penauu cooOleHus (MOTOK, B KOTOPOM
ObL1a BbI3BaHA 3Ta (DYHKIMSI, OCTaHAB-
JIMBAETCs 10 TeX IOP, IT0Ka B ITIOYTOBOM
SIIMKE He IMOSIBUTCSI MECTO ISl CO00-
LIEHNS);

® RTKPutCond — acuHxpoHHasi (yHK-

LUsI OTHpPaBKM COOOILIeHUs (eciau B

MOYTOBOM SIIIIMKE MECTa HET, TO CO00-

lIeHUe He mepeaaéTcsi; 3Ty (YHKLUIO

MOXKHO HCIIOJIb30BaTh Uil Iepenavyu

JMAHHBIX 13 TIpephIBAHUI TpailBEpOB);
® RTKPutTimed — coobiiieHue He moma-

JaeT B 04epe/ib, €CJIU 10 UCTeYCHUH 3a-

NAHHOTO BpPeMEHUW B Oyepeayd TakK U

HEe TOSIBUJIOCH CBOOOJHOTO MecTa

(yHKUMS BO3BpallaeT yIpaBlieHUE,

KaK TOJIbKO ITOCTaBUT COOOIIEeHHE B

ouepeab WM KOTIa MCTEYET 3amaHHOE

BpeMms).

AHajornyHasi rpyrnmna (yHKIUR ecTb
st npuéMa coobienuii: RTKGet, RTK-
GetCond, RTKGetTimed.

[ist yrnpaBieHUsI COOOIIEHMSIMU €CTh
e aBe QYHKINK, KOTOPbIE TAKXKE MOTYT
ObITh OYE€HbB TOJIE3HBI:
® RTKPutFront — coobiieHue Kiaaercs

B Hauajo ouepeau ((hbyHKIIMST CUHXPOH-

Hasl, €€ MOXHO MCIOJIb30BaTh IS IMe-

penayr CpOYHbBIX COOOIIEHMIN);
® RTKNextCond — mpocMoTp cooOle-

HUS U3 MOYTOBOIO slIMKa (3Ta (yHK-

uus omndaetcst or RTKGetCond Tem,

YTO He BBIOMpPAET COOOIIEHE, a TOJILKO

€03/1a€T ero Komuio).

PaccMoTpuM, e st yrnpaBieHUsT T0-
TOKOM JIy4llle MCIOJb30BaTh ceMadop, a

CTA 2/2010

www.cta.ru

69



70

PA3PABOTKM/MAU“AHOCTPOEHME

JIUCTHHT 1

void RTKAPI threadInterpolator(void«)

{

}

while(true)

// BbinonHeHue paboThl

void taskControl(void)

{

// VHWMLMANW3auMs [aHHbIX

RTKTaskHandle handleInterpolator = RTKRTLCreateThread(

void RTKAPI threadInterpolator(voidx)

while(true)

{

}

RTKWait(semaphoreInterpolator);
// BbiNONHeHue paboTh

void taskControl(void)

{

// WHUUManu3auus AaHHbIX

semaphoreInterpolator = RTKCreateSemaphore(

ST_EVENT, 0, "Interpolator control™);

// Teno RTKTaskHandle handleInterpolator = RTKRTLCreateThread(
threadInterpolator, // Teno
// npuopuTeT threadInterpolator,

INTERPOLATOR_PRIORITY,

// pasmep cTeka. Ecnu 0 - pasmep cTeka

// onpepenseTcs HacTPOAKaMU CUCTeEMbl

0,

// nocne cospaHus nmoToK “cnuT”

TF_SUSPENDED,

// napameTp, KOTOPbii nepefaeTcss B TeN0 MOTOKa
NULL,

// vMsi noToka

// npuoputeT

INTERPOLATOR_PRIORITY,

// pasmep cTeka. B paHHOM cnydae 0 -

// pa3mep cTeka ONpefenseTcs HacTPOAKAMW CUCTEMbI
0,

// mocne co3paHus MOTOK cpady paboTaeT

0,

// napameTp, KOTOpbIA nepefaeTcs B TeNo noToka
NULL,

"Thread interpolator”);
RTKResume(handleInterpolator);

ﬁ‘TkSuspend( handleInterpolator);
}
JIUCTHHT 2
RTKSemaphore semaphoreInterpolator;

rae OOJIble MOAXOASIT MOYTOBBIN SIIUK U
cHucTeMa COOOILEHUIA.

Ecau npu nepenavye faHHBIX ApaiiBepy
BOCIIOJIb30BaTbCsl CUCTEMOI COOOIIEHUI
MOYTOBOIO SIIMKA, TO HYXHa OyaeT 10-
MoJIHUTENIbHasE oOpaboTka. BeposiTHo,
HYKHO 00paboTaTh BCe COOOIICHUS U, CO-
OTBETCTBEHHO, MEPECYUTaTh pe3yJbTarT
KaK CyIneprio3uluio nHhOpMaluu, KOTO-
pasi HAXOAMTCS B HUX. A JeJaTh 3TO MpPU-
NETCS yxXe Tocje IOJYyYeHUs] TaHHbIX.
Jlydnie roroBUTh AaHHbBIE 3apaHee, a Io

// wmMs noToka

"Thread interpolator™);
// 3anyck noToka
RTKSignal(semaphoreInterpolator);

// "npocbba” MOTOKY OCTAHOBUTHCS.
// OCTaHOBMTCS MOTOK TOMbKO B Hayane wuukna
RTKResetEvent(semaphoreInterpolator);

}

CHUTHAJTy CUCTEMHOTO TaiiMepa (CUTHATUM
ceMachopoM U3 IIpepbIBaHusI) Cpa3y HAuUM-
HaTbh OOMEH. DTO MO3BOJIUT CAEJIATh KECT-
KM CHUCTEMHBI WLMKJI UM TEepPeHEeCTH
CJIOKHYIO 00pabOTKYy IaHHBIX B KOI C
MEHBIIMMU TPEOOBAHUSIMU K ObICTPOMEIi-
CTBHUIO.

JlaHHbIe OT ApaiiBepa MyJbTa MOTOKY UH-
Tepdelica c mojp30BaTesieM Jydlle rnepena-
BaTh B BUJIE COOOILIEHUIA, BeIb TTOKa orepa-
TOp HE MPOM3BENT HUKAKUX JIEHCTBUIA, HE
HY>XKHa M OTBETHAsl peaKIusl.

[

04epeab CO06LLEHNI

WuTepdpeiic
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[paitsep

nyfnbTa ynpaenenus

Puc. 2. CTpyKTypHas cxema cuctembl CHMY «®PeHuKc», noctpoeHHoi Ha 6ase On Time RTOS-32

[ToTokom peryssiTopa TIOJIOXKEHUST JIyd-
Il YIpaBJsITb TIPW TIOMOIIM cemacdopa,
TaK KaK ero HeoOXOIMMO 3aITyCKaTh pery-
JIIpHO. JIaHHEBIE TSI 9TOTO MTOTOKA JIOTUIHO
repeaBath B BHIE cooOIimeHuid. B atom
cirydae cemaop — CHHXPOHUBUPYIOUTUI
3JIEMEHT, a TIOYTOBBII SIIIUK MCTIOJIb3YeTCS
TOJIBKO KaK MEXaHW3M Tepelaull JaHHBIX.

HMHTrepripeTaTop HyXEH JIUIIb TOTIA,
Koraa Tpebyercss pa3oOpaThb KOMaHY, KO-
TOpast TIOCTYITUT OT MHTepdeiica ¢ MoIb30-
BaTesieM, a 3HAYMT, 3TUM TTOTOKOM JIyJIIe
YIPaBJISATh TIPY TTOMOIIY OYEPEa COOOIIIe-
HUI ¥ TIOYTOBOTO SIIIINKA.

3aIycK MHTEPITOJISITOPA HY>KHO TIPOM3BO-
JATH TIPU TIEPEMELIEHNH Pa0boYero opraHa
craHka. Takoe IrepeMeleHre MOXET ObITh
Pe3YJIBTaTOM BBITIOJTHEHUST TEXHOJIOTMYeC-
KOI1 TIpOrpaMMBbl WJIM PaObOThI TTPOrPaMMBbI
5JIEKTPOABTOMATUKM CTaHKa. JlaHHBIE IS
HMHTEPIIOJISITOPA YIOOHO IIepeaBarh B BUIE
ouepear COOOIIEHMIA, STOI Ke O4epenbio
YIOOHO CHHXPOHM3UPOBATH €r0 PadoTy.

B kozme 310 OyHeTr BBIIJISAETh TaK, KAk
[MOKA3aHO B JIUCTUHTE 3.

Onucanue CHMY «DEHUKCY,
CNMPOEKTUPOBAHHOM
HA OCHOBE ON TiIME RTOS-32
[To onucanHbiM mpuHuunam B HITO
«Pybukon-UHHOBauusi» Oblia pa3pado-
taHa cuctema UYITY «Penukc». Ympo-
MEHHAsl CTPYKTypHasl cXeMa 3TOM CUcTe-
MbI TIOKa3aHa Ha puc. 2.
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JIUCTHHT 3

RTKSemaphore semaphorePIDRegulator;
RTKSemaphore magneticsSemaphore;
RTKMailbox consoleBox;

RTKMailbox interpretatorBox;

RTKMailbox interpolatorBox;

RTKMailbox regulatorBox;

RTKMailbox magneticsBox;

// BpeMs CUCTEMHOro TakTa - napameTp CYMY
unsigned machineCycle;

void RTKAPI userInterface(voidx)

runTech(frame->magnetics());
// MHEeKcupoBaHue Kappa,
// ocsoGoxaeHne pecypcos

}

techStep();

chainStep();

// o6paboTka AaHHbIX OT BNEKTPOABTOMATUKM,

// ecnn npousownu ownbku - reHepauus CoobuweHui

}
}

{ typedef void (RTKAPI +TinterruptHandler)(void);

TConsoleMessage data; void RTKAPI timerInterrupt(void)

while(true) {

{ static unsigned ticks = 0;

// o6pa6oTka HaxaTus KiaBuww ++ticks;
TUserFrame userFrame; if (ticks >= machineCycle)
RTKGet(consoleBox, &data); {
// o6MeH faHHbMA ¢ 060pyAOBaHMEM
if (frameExecuteRequest(data)) refreshSignals();
RTKPut(interpretatorBox, &userFrame); RTKSignal(semaphorePIDRegulator);
RTKSignal(magneticsSemaphore);
} }
} // BbI3OB CTaHmapTHOro o6paboTyuka npepbiBaHUs
void RTKAPI interpretator(voids) ((TinterruptHandler)0ldHandlerTimer.D. Local)();
{ }
while(true) void initResources(void)
{ {
TUserFrame userFrame; // MHAUMANU3aLUMs [aHHbIX
RTKGet(interpretatorBox, &data);
TInternalFramex frame = parse(data); semaphorePIDRegulator =
ASSERT(frame != NULL); RTKCreateSemaphore(ST_BINARY, 0, "Regulator™);
if (!frame.geometry().Empty()) magneticsSemaphore =
RTKPut(interpolatorBox, &frame); RTKCreateSemaphore(ST_BINARY, 0, “"Magnetics™);
if (!frame.magnetics().Empty())
RTKPut(magneticsBox, &frame); consoleBox = RTKCreateMailbox(
} sizeof(TConsoleMessage),
} CONSOLE_BUFFER,
void RTKAPI interpolator(voidx) "Console messages”);
{ interpretatorBox = RTKCreateMailbox(
while(true) sizeof(TUserFrame),
{ FRAMES_BUFFER,
TInternalFramex frame = NULL; "ISO frames");
RTKGet(interpolatorBox, &frame); interpolatorBox = RTKCreateMailbox(
// pacyeT anwp CKopocTei sizeof(TInternalFramex),
calculate(frame->geometry()); MOVE_DATA_BUFFER,
do { "Interpolator data");
TRegulatorTickTask+ tickTask = regulatorBox = RTKCreateMailbox(
new TRegulatorTickTask; sizeof(TRegulatorTickTaskx),
frame->geometry().nextTick(tickTask); REGULATOR_BUFFER,
RTKPut(regulatorBox, &tickTask); "Regulator data™);
} while ( magneticsBox = RTKCreateMailbox(
| frame->geometry().Empty() && sizeof(TInternalFramex),
| frame->Stopped() ); MAGNETICS_BUFFER,
// KOHTpOnb Kappa, 0CBOGOXAEHME PecypcoB "Magnetics data");

} RTKRTLCreateThread(userInterface,

} INTERFACE_PRIORITY, 0, O,
void RTKAPI PIDRegulator(voidx) NULL, "Interface thread");
{ RTKRTLCreateThread(interpretator,

while(true) INTERPRETATOR_PRIORITY, 0, O,

{ NULL, "Interpretator™);
RTKWait(semaphorePIDRegulator); RTKRTLCreateThread(interpolator,
TRegulatorTickTask+ data = NULL; INTERPOLATOR_PRIORITY, 0, O,
if (RTKGetCond(regulatorBox, &data)) NULL, "Interpolator™);

{ RTKRTLCreateThread(PIDRegulator,
// o6paboTka 3apaHus REGULATOR_PRIORITY, 0, O,
NULL, "PIDRegulator™);
} RTKRTLCreateThread(magnetics,
// o6paboTka o6paTHOil CBA3M, MAGNETICS_PRIORITY, 0, O,
// sanucb B faHHbie ApaiiBepa NULL, "Magnetics thread");
} // COXpaHWnW AECKPUNTOP CTAporo MpephBaHus Mo TaiiMepy
} RTKSaveIRQHandlerFar(IRQTimer, &01ldHandlerTimer);
void RTKAPI magnetics(voidx) // 3anpeTunu mpepbiBaHMA MO TaliMepy
{ RTKDisableIRQ(IRQTimer);

while(true) // yCTaHoBMAM HOBbI# 06pabOTYMK NpepbiBaHWit No TaiMepy

{ RTKSetIRQHandler(IRQTimer, TimerInt);
TInternalFrame+ frame; // paspewunu npepuiBaHus no TaiMepy
RTKWait(magneticsSemaphore); RTKEnableIRQ(IRQTimer);
if (RTKGetCond(magneticsBox, &frame)) }
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Puc. 3. CraHok CM1M-®3 Ha PocnaBnbckom aBToarperatHom 3asoge AMO 3UJ1

CTOUT OTMETUTD, YTO Hallla OpraHu3a-
Ly yxe 6oJiee 10 et ycrnelHo padoraeT
Ha DBIHKE W3JAeIUil C MOBBIILIEHHBIMU
TpeOOBaHUSMU T10 HAAEKHOCTU U YCTOM -
YUBOCTU K KJIMMAaTUYECKUM YCIOBUSIM:
3TO U KOCMUYECKHE OOPTOBbIE TPUOOPHI,
KOTOpBbIE YCIELIHO 3KCIUTyaTUPYIOTCS Ha
CIyTHUKAxX cepun «SMan», U mpubopbl
[u1st apuanu. Cpeau Hallvx 3aKa3uukKoB
Takue opraHuzanuu, kak PKK «DHep-
rusi», «Poccuiickasi Koprnopauusi paker-
HO-KOCMUYECKOTO MPUOOPOCTPOCHUST U
nHdopmaoHHbix cuctem», HUN aBu-
alMoHHoro obopynoBaHusi, 3A0 «PAA3
AMO 3WJl». [IpumeHeHue ombiTa, Ha-
KOTUIEHHOTO 3a BpeMsT paboThl B 3TOM
chepe, MO3BOJWIO MHHUMHU3UPOBATH
CTOMMOCTD pa3pabOoTKU arnmapaTHON Jac-
™ CUITY.

PazbueHue 3agaun Ha MOJLYJIM U aKTUB-
HOE MCITOJIb30BaHUE CHCTEMHBIX OOBEK-
ToB On Time RTOS-32 no3Bonuiau mpo-
eKTUpOBaTh MporpaMmMmHyto yacts CUITY
«DeHNKC» OTHOCHUTETHLHO HEOOIBIIUMU
cwiamu. [Tongepxka u pazsutue OC On
Time RTOS-32 naét BO3MOXHOCTh MOC-
TETMEHHO HapamuBaTh (YHKIIMOHAb-
Hoctb CUITY. Ipaduueckas noacucrema,
TOIePKKA Pa3TNIHBIX (haliJIOBBIX CHC-
TeM, ctek npotokoja USB — Bc€ 310 U
MHOTOE JIPYToe SIBIISIeTCs 9acThlo orepa-
LIMOHHOM CUCTEMBI.

IMpu paspaborke CUITY «DeHnkc»
ocoboe BHMMaHUe ObLIO yIeJeHO U3yde-
HUIO CYIIECTBYIOIIMX HapaOOTOK W CJIO-
SKUBIIIVXCST TIPABYJT B aBTOMATU3AIIAN Me-
TaJl;1000padoTKku. B yacTHOCTH, 3TO OT-
pa3wioch B peaqn3aiuy CBOOOIHO TIPOT-
paMMUpYeMOU 2JIEKTPOAaBTOMATUKU Ha
a3pike ST (Structured Text) cranmapta
MBK 61131-3, a Takxke B pa3BUTOU
CTPYKTYPE CHCTEMHBIX MTapaMeTpoB. DTO
TTO3BOJIMJIO He TOJBKO TTpuMeHaTs CUITY

IUJIST 3aMEHBI CTapbIX CUCTEM YITPaBICHUS
TOKApHBIMU U (hpe3epHBIMU CTaHKAMM,
HO U TPOBOIUTH MOJAEPHU3ALUIO YHU-
KaJbHBIX CTaHKOB. [IprMepoM MOXKeT
CIIyXUTh 3amyck cTtaHka CMIM-®3
(puc. 3), KOTOPBIii TPOBOIUIICS COBMECT-
HO paboTrHMKaMu Tipenmpustuii 3A0
«PAA3 AMO 3UJI» (MOHTaX ¥ TIOAKITIO-
yenune CUITY) u HI1O «Py6ukon-MuHO-
Bauus» (Hactpoiika CYIIY wm 3amyck
craHka). Bpewmsi, motpeGoBaBiiieecs st
HACTPOIKM MapaMeTpoB CTaHKa, a TaKXKe
IUTSI HATTMCAHUMSI M OTJIaAKKU MPOTPaMMbI
3JIEKTPOaBTOMATUKU, COCTABUJIO JIBE HE-
TIEJTH.

MUcnonb3osAHUE CHITY
«DEHUKC»
B METANJIOOBPABOTKE

CYITY «®eHUKC» MPUMEHSETCS MPU
MOJEPHHU3ALIMU TaKMX CYIIECTBEHHO OT-
JIMYAIOLIMXCS IPYT OT Apyra CTAaHKOB, KaK
®I117, MA655A3 (puc. 4), MC12-250,
KIO-46, 16616, 16K20. CranmapTHbIi
SI3bIK MIPOTPaMMUPOBAHUS 3JEKTPOABTO-
MaTMKU, pa3BUTasl CUCTeMa COOOLICHUI
00 omMbKax M TMpoCTasl WHTEerpauust c
CAM-cucreMaMu I1O3BOJISIET CTPOMUTh
Heloporve MPOU3BOJACTBEHHbIE YYACTKHU
C MaJIbIM BpEMEHEM M3TOTOBJEHMSI TOTO-
BBIX U3JICJIUNA.

B kauecTBe nmpuMepa MOXHO TIPUBECTU
IPOM3BOACTBEHHYIO IEMTOYKY U3rOTOBJIE-
HUs KopItyca pazbéMa ctangapra D-SUB
(DB-9) co cniennanu3upoBaHHBIMU pa3-
MmepaMu i nepexogHuka DB-9 — USB
Ha 0Oasze uummna FTDI, npeo0Opa3yioliero
RS-422 ot npoMbIIIJIEHHOTO YCTpOCTBa
B BUpTyaJibHbIiE COM -niopT KOMITblOTEpA
(mpeodpaszoBatenb BcTpoeH B DB-9, or-
clola crelnraau3upoBaHHbIE pa3Mepbl
Kopryca pazbéma). OnucaHue oo6opyno-
BaHWSI: TOPU3OHTAIBHBINA (Dpe3epHBIi

craHoK MC12-250 mon ymnpaBieHUueM
CUITY «®enukce»; cuctema EdgeCam
IUTSI TIOATOTOBKY TEXHOJIOTUIECKUX TTPOT-
pamMm. Ecinu HeT TpéxMepHoOit Mozenu jie-
TaTu U e€ HeoOXOAMMO W3TOTOBUTH TIO
YepTexy, TO MOJIENb CTPOUTCS (Ha 3TOM
aTare OOBIYHO BBISBIISIETCS OObIIast
4acTb OIIMOOK, €CJIM OHU €CTh). Y Hallle-
ro TeXHoJIora 3Ta onepaius 3aHsia 1 yac.
Hanee B cucteme EdgeCam onpeaenstor-
Csl MHCTPYMEHTBI, KOTOPBIMU OYIET Bec-
TUCh 00pabOTKa, yKa3bIBAETCS MOCJeN0-
BaTeJIbHOCTh TEXHOJIOTUIECKUX Olepa-
muii (emr€ 2 yaca). [Tocie atoro EdgeCam
TeHepUPYeT TEXHOJOTUIECKYIO TTPOTpaM-
My, Kotopas 3arpyxkaercsa B CUITY «De-
HUKC». DTOT TIPOIleCC OTHUMAET 5 MUHYT.
3amyckaercst 00paboTKa (IBe YCTAHOBKH,
Kaxast paccuMTaHa puOIU3UTETbHO Ha
22 MUHYTBI 00pabOTKM), U IeTaJIb TOTOBA!
O611ee BpeMsi 00pabOTKM, KaK HETPYIHO
IMOCYUTATh, COCTABWIO YyTh MeHee 4 da-
coB. M 3T0 Bpems, KOTOpOe TMPOIIIO OT
mpruémMa 4epTexa A0 BbIIadu TOTOBOM Je-
Taju.

Takum obOpa3oM, KCIIOJb30BaHUE TO-
TOBBIX pelreHuit, B yactHoctu OC On
Time RTOS-32, mo3BoisieT 3HAYUTETb-
HO COKPAaTUTh BpeMsl pa3paboTKU Mpor-
paMMHO-aMmapaTHOTO KOMIIJIeKca, a
TakkKe 00JIeryaeT ero MOAAEPXKKY U pas-
Butue. @
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