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Chapter 1

BBepoeHue

Pab6oTa Hafi 3TUM CIIPAaBOYHUKOM IIPOOIzKaeTCsi. EC/Iu BEI MOXKeTe IIOMOYh C HallMCaHUEeM, PelaKTHPOBaHUe
HJIY TIOATOTOBKOM Irpad Ky, M0KAIYHCTa, CBSIKUTECH C JIIOOBIM YJIEHOM KOMaH/Ibl aBTOPOB WJIU IPUCOEOUHUT
¥ OTIIPABbTE 3JIEKTPOHHOE MUCHMO TI0 afpecy emc-users@lists.sourceforge.net.

Copyright © 2000-2020 LinuxCNC.org

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.1 or any later version published by the Free Software Foundation;
with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of the license is
included in the section entitled “"GNU Free Documentation License”.

Ecnu BH He HalileTe MUIEH31I0, BBl MOXKETE 3aKa3aTh KOIIHNIO 10 agpecy:

Free Software Foundation, Inc.
51 Franklin Street

Fifth Floor

Boston, MA 02110-1301 USA.

(Bepcus Ha aHTTIMUCKOM SI3BIKE SBJIAETCSA OGULMAILHON)

LINUX® saBnsieTCs 3aperuCTpUPOBaHHLIM TOBAapHBIM 3HakKoM Jluayca Topsanbaca B CIIA u gpyrux
CTpaHaX. 3aperuCTPUPOBAHHEIN TOBAPHEIY 3HaK Linux® uUCIob3yeTCs B COOTBETCTBUY C CyOIUIleH3Kel
ot LMI, skcknro3uBHOTO nuilen3uara Jlunyca TopBasnbaca, Bilagenbila TOBAPHOTO 3HaKa BO BCEM MUDE.

ITpoexkT LinuxCNC He cBs3aH ¢ Debian®. Debian siBnseTcsi 3aperuCTPUPOBaHHBIM TOBapPHEIM 3HAKOM,
npuHagnexamuM Software in the Public Interest, Inc.

IMpoekT LinuxCNC He cBs3adn ¢ UBUNTU®. UBUNTU — 3aperucTpupoBaHHas TOproBas MapkKa,
npuHapiexaias Canonical Limited.
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Chapter 2

HAL General Reference

2.1 HAL Entity Names

Bce o6bexTel HAL mOCTYOHBI M MU MOXKHO MaHUITYJIMPOBATH II0 UX UMEHAaM, ITI03TOMY OYE€Hb BasKHO
OOKYMEHTUPOBATh UMeHa KOHTAKTOB, CUTHAJIOB, HapaMeTpoB U T. 0. Mmena B HAL uMe0T MaKCUMaJIbHYIO
onuny 41 cuMmBon (kak onpepmeneno HAL NAME LEN B hal.h). MHorue nMmeHa OyoyT IpeICTaBJIEHH B
o0111eM Bue ¢ popMaTUPOBAaHHEIM TEKCTOM <MAK>, IPEICTABJIAIOMINM 1011 C Pa3/IUNYHEIMYU 3HAaYEeHUIMU.

Korma KOHTaKTBI, CUTHAIBI UIIU IIapaMeTpPhI OIIMCBEIBAIOTCS BIIE€PBHIE, II€Pend UX MMEHEM B KPYTJIBIX
CKOOKax YKa3bIBaA€TCA UX THUII (ﬂOdt), a 3d HUM CJiegyeT KpaTKoe OIIMCaHue. TunuyHsie omnpenejieHus
BEIBOOOB BEITJIAOAT TaK:

(bit) parport.<portnum>.pin-<pinnum>-in
KonTtakT HAL, cBsi3aHHBIN C (U3NUECKUM BXOIHLIM KOHTAKTOM <pinnum> pa3beMa db25.

(float) pid.<loopnum>.output
Brixomuou curnan [T ]I-perynsTopa

HHOrma MOXKHO UCIIOJIb30BaTh COKPpaAlll€EHHYIO BEPCUI0O UMEHHU, HAlIPUMED, BTOpOfI KOHTAKT BHIIII€ MO2KHO
IIPOCTO BEI3BAThH C IOMOIILIO .output, KOTroa 3TO MOXKHO CHOeJIaTh, He BEI3BEIBAasI IIYTAaHUIILL.

2.2 HAL General Naming Conventions

CoryacoBaHHbIE cOTIalleHusi 00 MMeHaxX 3HAYUTENILHO YIIPOCTAT Hucojb3oBanue HAL. Hampumep,
ecnu OBl KaXXOHIW OpadBep 9HKOOepampenoCTaBlIsal OOHH M TOT Ke HaOOp KOHTAKTOB M Ha3hIBal UX
OOWHAKOBO, TO OBIJIO OBI JIETKO ITIEPEUTH OT OJHOTO THUIIA IpaliBepa 3HKomepa K opyromy. K coxaneHuro,

KaK ¥ MHOTHE IIPOEKTHI C OTKPBITHIM HCXOOHEIM KomoM, HAL mpencTaBnsieT co60i KOMOMHAIINIO Belle,
KOTOpBIe OBITM pa3paboTaHHI, W Bellled, KOTOPhLIe ITPOCTO pa3BUBAIKUChH. B pe3ynbTaTe BO3HUKAET
MHOK€ECTBO HECOOTBETCTBUM. B 3TOM pa3ferne menaeTcs IMOIMBITKA PEUIUTE 9Ty NPOOIeMy IyTeM OIIpPeIeIeHH!
HEKOTOPBIX COTJIAIlleHUM, HO, BEPOSITHO, IPOUEeT HEKOTOpOoe BpeMs, MpeXae 4yeM Bce MOOYyIu OyOyT
mpeoOpa30BaHbl B COOTBETCTBUU C HUMH.

Halcmd u gpyrue yrunutsl HAL HU3KOTO YPOBHS paccMaTpuBaloT mMeHa HAL kKak oTaenbHbIe OOBEKTH

0e3 BHYTpeHHeM! CTPYKTYphl. OOHAaKO OOJIBIIIMHCTBO MOYJIel UMeIOT HEKOTOPYIO HESIBHYIO CTPYKTYDY.
Hampumep, nytaTta cogepXUT HECKOIBKO (PYHKIMOHAIBPHEIX OJIOKOB, KaXK BN 6JI0K MOZXKET UMETh HECKOJIBKO
KaHaJIOB, U KaXKAbli KaHall UMeeT OfWH UJIM HECKOJIBKO KOHTaKTOB. B pe3ysbTaTe ojiy4aeTcs CTPYKTYpa,
HaIlOMUHAMIas AepeBo KaTanoros. Hecmorps Ha To, uTo halcmd He pacrio3HaeT IpeBOBUOHYIO CTPYKTYDY,
[IpaBUJILHBIM BEIOOD coTJIalieHul 00 UMeHax II03BOJIUT eMy I'DYIIINPOBAaTh CBsI3aHHBIE 9JIeMEHTHI BMeCTe
(IIOCKONBKY OH COPTUPYET UMeHa). Kpome TOro, MHCTPyMEHTEHI 60Jiee BEICOKOTO YPOBHSI MOTYT OBITH
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pa3paboTaHbl AJI paco3HaBaHUs TaKOM CTPYKTYPHI, ECIIH UMeHa IIPefoCTaBIIaI0T Heo6XoouMy1io nHGpopMaIl
st sToro Bce KoMmnnoHeHTH HAL fONIXKHEBL ClleqoBaTh CIEOyIOIIUM IIpaBUIaM:

“

» Touxku (“.”) pa3mensiOT YPOBHU Hepapxuu. ITO aHAJIOT KOCOU 4epTHl (“/”) B UMeHU (aiina.
* IMeducs (“-”) pa3mesnsioT CjIoBa UJIM II0JII HAa OOHOM YPOBHE MEpPapPXUH.

¢ KommonenTsl HAL He monMXKHBI KCIIOJIb30BaTh CUMBOJIHI momuyepKuBauus unu “MixedCase”. footnote:
[TloguyepKHYThIE CUMBOJIBI OBLIM yHaJieHBl, HO BCE €llle eCTb HECKOJILKO CIIy4yaeB HEeITpaBUIbHOTO
coueTaHus, HanpuMep pid.0.Pgain BMecTto pid.0.p-gain.]

e Hcmonb3yiiTe B UMEeHaX TOJIPKO CTPOYHBLIE OYKBHI U ITU(PHI.

2.3 Hardware Driver Naming Conventions

Note
BoNbLWNHCTBO ApaBEPOB He CeayloT 3TUM cornaweHnsam B Bepcuun 2.0. OTa rsiaBa Ha caMoM fgene
ABNSETCSH PYKOBOACTBOM Ansa byayuwmx pa3paboTok.

2.3.1 Pins/Parameters names

IIpatiBephl 000PYIOBAHUS MOIXKHBI UCIIOIL30BATh IISATH ITOIEH (Ha TpeX YPOBHIX) MJIsI CO3[AaHUs UMEHHU
KOHTaKTa MJIY lTapaMeTpa, a UMEeHHO:

<device-name>.<device-num>.<io-type>.<chan-num>.<specific-name>

OTnenbHBIE IIOJIS:

<device-name>
YcTpoiicTBo, AJisi KOTOPOro IpegHasHadeH gpaisep. Yaille Bcero sTo uHTepdeicHas miaTa Kakoro-
00 THUIIA, HO €CTh U IPYyrue BO3MOXKHOCTH.

<device-num>
B KoMITBbIOTEP MOXKHO YCTAaHOBUTH 60JIee OHOM CEPBOIJIATHI, ITapajieJIbHOTO ITIOPTa UIU APYIrOoro
alrapaTHoro ycTpoiicTBa. HoMmep ycTporicTBa uaeHTUGUIIMPYET KOHKPETHOE YCTPOoicTBO. Homepa
YCTPOMCTB HauuHaloTcsa ¢ 0 ¥ yBeTUYUBaIOTCH.

<io-type>
BoOJNBIIMHCTBO YCTPOUCTB NPENOCTABIAIOT 00Jlee OOHOTO THUIa BBOMA-BEIBOOa. [axXe IIPOCTOHU
TapanienbHBIM IOPT UMeeT KakK Hu(POBLIe BXOOHI, TaK U LUGPOBLIE BRIXOAL. bojiee ClIoXKHBIE
IJIaThHl MOTYT UMETh LMGPOBhIE BXOOH U BEIXOOBI, CUETYUKU 3HKOAEPOB, reHepaTopsl [IIUM unu
MIarOBHIX UMIIYJIbCOB, aHAIOr 0-Iu(POBEIE Ipeobpa30oBaTey, I PO-aHAIOT OBEIE ITPeoOpa3oBaTeIn
UKW OPpyrue YHUKaJIbHble BO3MO2KHOCTH. Tun BBOa-BbIBOOA MCIIOJIb3yEeTCA OJIA I/IJIeHTI/I(I)I/IKaLII/II/I
THIIa BBOAa-BEIBOJA, C KOTOPEIM CBSI3aH BEIBOL MJIU ITapaMeTp. B upaearse gpaiiBepsl, pealusyioniye
OIMH U TOT K€ TUTI BBOOA-BEIBO/IA, laXKe €CJIU [IJIsI 0OUeHb PAa3HBIX YCTPOUCTB, HONMXKHEI 00eceunBaTh
COTJIaCOBaHHBIM HAOOP BLIBOMIOB U ITapaMeTPOB U UIEHTHYHOE IoBefeHue. Hampumep, Bce udppPoOBLIe
BXO[IBI IOJIZKHBI BECTH ce0s OMMHAKOBO, €CJTH CMOTPeTh u3nyTpu HAL, He3aBHCHUMO OT yCTPOMUCTBA.

<chan-num>
ITpakTHMYecKku KaxKaoe YCTPOMCTBO BBOJA-BEHIBOOA MMEET HECKOIbKO KaHaJIOB, M HOMEP KaHaja
UgeHTUGUIUPyeT OOUH U3 HuX. Kak u HoMepa yCTPOUCTB, HOMepa KaHajl0oB HaYNHAIOTCS C HYy/IS
u yBenuuuBaioTcsa. footnote: [OmHUM MCKITIOUEeHMEM U3 IIpaBuila "HoOMepa KaHaJIOB HAYUMHAIOTCS
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C HyJns1” BJsIeTCA HmapaljienbHbd NOPT. Ero KkoHTakTel HAL npoHyMepoBaHEL COOTBETCTBYIOILINM
HOMEPOM KOHTAaKTa Ha pasbeMe DB-25. 9To ymo6HO Ajist pa3BOOKH, HO HECOBMECTHUMO C APYTHUMHU
OpaiiBepaMu. ECTb HEKOTOPEBIE CIIOPEI O TOM, SIBJISIETCS JIM 3TO OIIMOKON MJIM OCOOEHHOCTHIO.]
Ecnu ycranoBneHo 6ojiee OIHOTO YCTPOKMCTBA, HOMePpa KaHalIoB Ha JOHOIHUTEIbHEIX YCTPOHUCTBAX
HaAYMHAIOTCSA C Hyns. Ecnmu BO3MOXKHO MMETb HOMEp KaHasa Oomnbile 9, To HOMepa KaHalloB
IOJIKHBEL COCTOSATH M3 [ABYX IUGpP, C BeOyIIUM HyJieM B uucjax MeHbie 10, 4TOOB COXPaHUTH
OPSOOK COPTUPOBKU. HeKoTophle MOOYyiM UMEIOT KOHTAKTHEI V/UJIN ITapaMeTPHl, KOTOPBIE BJINSIOT
Oormee yeM Ha oOuH KaHas. Hanpumep, renepatop IIIMM MoxkeT UMeTh YeThIpe KaHalla C YeTEIPLMS
He3aBUCHMBIMM BXOOaMU “CKBaXHOCThL”, HO OOHUM ITapaMeTpPOoM “dacToTa”, KOTOPHIU yIIpaByIsieT
BCEMU YeTHIPbMS KaHaljlaMHU (M3-3a allllapaTHHIX OoTpaHndeHunit). [lapaMeTp YacToTa JOJIKEH UCIIOIb30B
”0-3” B Ka4yeCTBe HOMepa KaHarla.

<specific-name>

OTHenbHBIM KaHal BBOOA-BHIBOJA MOXKET MMETh TOJBKO OOUH CBSI3aHHBEIM C HUM KOHTakT HAL,
HO GOIBIITMHCTBO M3 HUX UMeloT 601ee ogHoro. Hampumep, 1iudppoBoil BXx0q UMeeT [Ba KOHTaKTa:
OMH — COCTOSIHHE PU3UIEeCKOro KOHTAKTa, APYrol — TO XKe caMoe, HO B MHBePTHPOBAaHHOM BHJE.
9TO mO3BONIAET KOHOUTYPATOPY BHIOMPATh MEXKOY BXOOAMU C aKTUBHBEIM BEICOKMM M aKTHUBHBIM
HU3KUM ypoBHeM. [l GONBIIMHCTBA TUIIOB i0 CYLIIECTBYET CTAHOAPTHHIM HAaOOpP KOHTAKTOB U
IapaMeTpoB (Ha3blBaeMbIt “CTaHIAPTHEIM HHTePGhecoM”), KOTOPHIM HOIXKeH peain30BaTh OpanBep.
CraHgapTHBIE HUHTEP(GhENCH ONUCaHE B IjiaBe MHTepdheichl CTaHOapTHEIX YCTPOUCTB.

Examples

motenc.0.encoder.2.position
Brixon monmoKeHUs TPeThero KaHajla 9HKOJepa Ha IepBoii miate Motenc.

stg.0.din.03.in
CocTosiHME YeTBEPTOro HudpPOBOTro BXoAa Ha IepBoH IjaTe Servo-to-Go.

ppmc.0.pwm.00-03.frequency
Hecymasa gacTtoTa, ucnonab3lyemas aida KaHanos [ITMM c 0 mo 3 Ha nepBou nnate ppmc Pico Sys-
tems.

2.3.2 Function Names

I paiiBephl 000pyIOBaHMSI OOBIYHO UMEIOT TOJIBKO OBa Tuma ¢pyHkumit HAL: oqHY cUuTHIBalOT 060pynoBaHue
1 00HOBIAIOT KOHTAKTE HAL, a gpyrue 3anucrBaiOT B 000pyIOBaHNE, UCIIOIL3YSI HAHHBIE C KOHTAKTOB
HAL. Ux cimemyeT Ha3BaTh CIEOYIONIUM 00Pa30M:

<device-name>-<device-num>.<io-type>-<chan-num-range>.read|write

<device-name>
To e, YTO UCIIOJIL3YEeTCH [JIsd KOHTAKTOB 1 IIapaMeTpPOB.

<device-num>
KoHKkpeTHOEe YCTPOMCTBO, K KOTOpoMy OymeT oOpaliaThCs GYHKITHSA.

<io-type>
OnumoHanbHo. OYHKIMSA MOXKET UMETH OOCTYII KO BCEM BBOJaM/BhIBOaM Ha IJlaTe UJIU TOJIBKO
K OIIpenesIEeHHOMY THILY. HaHpHMep, MOTYT CYIIIeCTBOBAThH HE3aBUCHUMEIE (by'HKI_[I/II/I OJIsi YTeHUusa
CUYEeTUYUKOB SHKOAEpa U YTeHUs NMU(PPOBLIX BXOOOB/BEIX0HOB. ECy Takue He3aBUCHMbBIE PyHKIHT
CYIIIECTBYIOT, OJie <io-type> ugeHTUuGUINPYET TUII BBOAA-BLEIBOOA, K KOTOPOMY OHH 00palllatoTCs.
Ecnu omHa QyHKUMS CUMTHIBAET BCe BXOMBI/BHIXOMLI, ITPEAOCTaBIIsIEMbIE MJIaTOM, <io-type> He
ucnonblyetcs. footnote: [[IpumMedaHue O IPOrpPaMMUCTOB OpatiBepoB: HE peanu3yiiTe oTOenbHbIE
dyHKUMY 0715 pa3HBEIX TUIIOB BBOLA-BHIBOMA, €CJIU TOJIBKO OHUM HE SIBJISIOTCS IIPEPLIBAEMBIMU U HE
MOTyT paboTaTh B HE3aBUCHUMEIX ITOTOKaxX. Ecu mpephiBaHue YTeHMS SHKOOEePa, YTeHue Hu(pPOBLIX
BXOJIOB U IIOCJIENyIolllee BO30OHOBJIEHNE UTEHUS 9HKOIePa BEI3OBYT ITPOOJIEMEI, Peaiu3yiTe OgqHy
dyHK1IMIO, KOTOpas coenaer Bce.]
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<chan-num-range>
OnnuonaneHO. HMcmonb3yeTcs TOJIBKO B TOM CiIy4ae, €C/IM BBOZI-BHIBOZL <io-type> pa3but Ha
TPYINOBI ¥ AOCTYIIEH PA3JIMYHBIM (DYyHKITASIM.

read|write
YKa3bIBaeT, CUHUTBIBAET JIN (I)YHKLII/IH C OﬁOpy,'E[OBaHI/IH WUJIX 3allUChIBA€T B HErO.

Examples

motenc.0.encoder.read
CuuTHIBaeT BCe SHKOOEpPHl Ha MepBoi IIylaTe motenc.

generic8255.0.din.09-15.read
CuuTHBaeT BTOPOM 8-OUTHHIN MOPT Ha IIEPBOM YHUBEPCAJIBHOM IINIaTe IM(POBOT0 BBOIA-BEIBOIA
Ha 6ase 8255.

ppmc.0.write
3anucheiBaeT BCe BEIXOOHEBEIE NaHHEBIE (11aroBble reHepatopsl, [IIWM, IIAII u mmudpoBEle maHHEBIE)
Ha IepByIo mIaTy ppmc Pico Systems.
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Chapter 3

NNpuMedaHua K Kooy

3.1 LeneBas ayautopus

OTOT MOKYMEHT IIpefCcTaBisieT co00i COOPHUK 3aMeTOK O BHYTpeHHeM ycTpoicTBe LinuxCNC. OH B
IEPBYIO Oouepenb MPECTABIIAET UHTEPEC A/ pa3paboTYMKOB, OJHAKO OO0JIbIlIas YacTh HHOOPMaIUU
37mech MOXKeT OBITh TaKXKe MHTepPeCHa CUCTEMHBIM MHTEeTpaTopaM U OPYTUM, KOMY IIPOCTO UHTEPECHO
y3HaTh, Kak pabotaeT LinuxCNC. Bomnbitas 4acTh 3ToM mHpoOpMalMu yxKe ycTapeiia M HUKOIIa He
ITPOBepPsJIach Ha TOYHOCTD.

3.2 OpraHumsaumna

B mokymeHTanuu OymeT rjIaBa [OJjisd KaXXI0Tro U3 OCHOBHEBEIX KOMIIOHeHTOB LinuxCNC, a Takxke riaBa(bl),
OIMHCHIBAIOIIIME, KaK OHH paboTaloT BMecTe. IDTOT HOKYMEHT B 3HAYUTEJIbHOM CTEIIeHH HaXOOUTCS B
CTaguu pa3paboTKH, U eT0 MaKeT MOXKET U3MEHUTHCS B OyOyILEM.

3.3 TepMuHbI U onpenesieHun

* AXIS - An axis is one of the nine degrees of freedom that define a tool position in three-dimensional
Cartesian space. Those nine axes are referredtoas X, Y, Z, A, B, C, U, V, and W. The linear orthogonal
coordinates X, Y, and Z determine where the tip of the tool is positioned. The angular coordinates
A, B, and C determine the tool orientation. A second set of linear orthogonal coordinates U, YV,
and W allows tool motion (typically for cutting actions) relative to the previously offset and rotated
axes. Unfortunately ”axis” is also sometimes used to mean a degree of freedom of the machine
itself, such as the saddle, table, or quill of a Bridgeport type milling machine. On a Bridgeport this
causes no confusion, since movement of the table directly corresponds to movement along the X
axis. However, the shoulder and elbow joints of a robot arm and the linear actuators of a hexapod
do not correspond to movement along any Cartesian axis, and in general it is important to make
the distinction between the Cartesian axes and the machine degrees of freedom. In this document,
the latter will be called joints, not axes. The GUIs and some other parts of the code may not always
follow this distinction, but the internals of the motion controller do.

e JOINT — CouneHeHHe — 3TO OOHA M3 IMOABUXKHBLIX dYacTel MaliuHbl. CouYleHeHUS OTINYaloTCH
OT OCeM, XOTsI 9TU [Ba TepMHHa MHOTHA (HempaBUIILHO) MCIIONb3YVIOTCS A/sT 0003HAYEHUSI OOHOIO
u Toro x®e. B LinuxCNC couyneHeHHe — 9TO (GU3NUYECKHH OOBLEKT, KOTOPHIM MOXKHO IIepeMeIaTs,

a He KOOpAuHaTa B IIpoCcTpaHCcTBe. HampumMmep, MUHOIb, KOJIEHO, Ceqyio U CToll ¢ppe3epa Bridgeport
MIPeNCTaBISIIOT CO00i cousieHeHus. [11e40, TOKOTh U 3aNsICThe PYKU POOOTa SBISIIOTCS COUJIEHEHUSIMHU,
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KakK M JIMHeWHbIe NPUBOOH rekcamopa. C KaXXObBIM COYJIEHEHMEM CBSI3aH ABUTATENIb MU IIPUBO[
ompemesieHHOTO TuNa. CouleHeHUs He 00513aTEeNbHO COOTBETCTBYIOT OCSIM X, Y ¥ Z, XOTsI AJIsT MAIlluH

C TpI/IBI/IaHBHOfI KUHEeMAaTHUKOM 9TO MOZKET UMEThb MECTO. Jla}Ke Ha 3TUX MAIIIMHAX ITIOJIOZKEHUE COYJIEHEHU A
U IIOJIOZKEeHHNE OCHU — I3TO IIPUMHIUITKMAJIBHO PAa3HEIE€ BEIIN. B sToMm OOKYMEHTE TEPMUWHEI COU/s1IeHeHUe "

OCb UCIIOJIB3YIOTCS OCTOPOKHO, C YU€TOM UX PAa3IUYHBIX 3HaueHu. K coxkaneHuio, 3To He 00513aTEJILHO
Tak Be3me. B wacTtHocTu, IT'MII'BI CTaHKOB C TPUBUAIbHON KMHEMATUKON MOT'YT 3aTyIIEBLHIBAThH WU
IIOJIHOCTHIO CKPBIBATh pPa3jinyne MeXKay COYJIeHeHUsIMU U ocsiMu. KpoMe Toro, B daiine INI ucrmonblyercs
TEPMUH OCb [JId HAHHHIX, KOTOPLIE TOYHee OBIIO OBl OIMMCATh KaK JaHHbIE COUJIEHEHUS, HAallpuMep
MaCI_LITaGI/IpOBaHI/Ie BXOOHBIX M BBIXOOHBIX NAaHHBIX U1 T. 1.

Note

9To pasnuydume 6bio caenaHo B Bepcun 2.8 LinuxCNC. B INI-channe nossBuica HOBbIA pa3nen
[JOINT_<num>]. MHorme napameTpbl, KOTOpPble paHblle OTHOCUAUCL K pa3aeny [AXIS <letter>],
Tenepb HaxoA4ATCA B HOBOM paspgene. [pyrue pasgenbl, Takue kKak [KINS], Takxe npuHumaloT
HOBLIE MapaMeTpbl, COOTBETCTByWLWMe 3TOMy. bbin npepoctasneH ckpunT obHOBNeHMA ANA
npeobpasoBaHuns cTapbix ¢annos INI B HOBYIO KOHbUrypaLnUO 0Cen/CoOYNEHEHNN.

* POSE - A pose is a fully specified position in 3D Cartesian space. In the LinuxCNC motion controller,
when we refer to a pose we mean an EmcPose structure, containing six linear coordinates (X, Y, Z,
U, V, and W) and three angular ones (A, B, and C).

* coord, or coordinated mode, means that all articulations are synchronized and they move together
as directed by the higher-level code. It is the normal mode when machining. In coordinated mode,
commands are assumed to be given in the Cartesian reference frame, and if the machine is not
Cartesian, the commands are translated by the kinematics to drive each joint into the joint space
as needed.

* free means that commands are interpreted in joint space. It is used to manually move (jog) individual
joints, although it does not prevent them from moving multiple joints at once (I think). Homing is
also done in free mode; in fact, machines with non-trivial kinematics must be homed before they
can go into coord or teleop mode.

* teleop is the mode you probably need if you are jogging with a hexapod. The jog commands imple-
mented by the motion controller are joint jogs, which work in free mode. But if you want to move
a hexapod or similar machine along a cartesian axis in particular, you must operate more than one
joint. That’s what teleop is for.

3.4 Architecture overview

There are four components contained in the LinuxCNC Architecture: a motion controller (EMCMOT),
a discrete 10 controller (EMCIO), a task executor which coordinates them (EMCTASK) and several
text-mode and graphical User Interfaces. Each of them will be described in the current document,
both from the design point of view and from the developers point of view (where to find needed data,
how to easily extend/modify things, etc.).
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3.4.1 LinuxCNC software architecture

At the coarsest level, LinuxCNC is a hierarchy of three controllers: the task level command handler
and program interpreter, the motion controller, and the discrete I/O controller. The discrete I/O con-
troller is implemented as a hierarchy of controllers, in this case for spindle, coolant, and auxiliary
(e.g., estop) subsystems. The task controller coordinates the actions of the motion and discrete 1/O
controllers. Their actions are programmed in conventional numerical control "G and M code” pro-
grams, which are interpreted by the task controller into NML messages and sent to the motion.

3.5 Motion Controller Introduction

The motion controller is a realtime component. It receives motion control commands from the non-
realtime parts of LinuxCNC (i.e. the G-code interpreter/Task, GUIs, etc) and executes those commands
within its realtime context. The communication from non-realtime context to realtime context happens
via a message-passing IPC mechanism using shared memory, and via the Hardware Abstraction Layer
(HAL).

The status of the motion controller is made available to the rest of LinuxCNC through the same
message-passing shared memory IPC, and through HAL.

The motion controller interacts with the motor controllers and other realtime and non-realtime hard-
ware using HAL.

OTOT MOKyMEHT IIpPeAIionaraeT, YTO YU TATEIb uMeeT 6a30Boe mpeacTaBienne o HAL, ¥ ucnonb3y0Tcs
TakKue TEPMUHBI, KaK KOHTakKTe HAL, curtansl HAL u T. #., 6e3 ux 06bsicHeHUSA. [OIOTHUTEIBEHYIO
uHpopmanuio o HAL cm. B HAL PykoBopmcTBo . [pyras rjiaBa 9TOT0 JOKYMEHTa B KOHEYHOM HUTOTe
OymeT mocCBsIlleHa BHYTPeHHEMY YCTPOUCTBY camoro HAL, HO B 3TOM rjiaBe MBI UCHOJIE3YEM TOJILKO
HAL API, kak onpenesneno B src/hal/hal.h.

3.5.1 Motion Controller Modules

The realtime functions of the motion controller are implemented with realtime modules — userspace
shared objects for Preempt-RT systems or kernel modules for some kernel-mode realtime implemen-
tations such as RTAI:

* tpmod - trajectory planning

* homemod - homing functions

* motmod - processes NML commands and controls hardware via HAL

* kinematics module - performs forward (joints-->coordinates) and inverse (coordinates->joints) kine-

matics calculations

LinuxCNC is started by a linuxcnc script which reads a configuration INI file and starts all needed
processes. For realtime motion control, the script first loads the default tpmod and homemod modules
and then loads the kinematics and motion modules according to settings in halfiles specified by the
INT file.

Custom (user-built) homing or trajectory-planning modules can be used in place of the default modules
via INI file settings or command line options. Custom modules must implement all functions used by
the default modules. The halcompile utility can be used to create a custom module.
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3.6 Block diagrams and Data Flow

The following figure is a block diagram of a joint controller. There is one joint controller per joint.
The joint controllers work at a lower level than the kinematics, a level where all joints are completely
independent. All the data for a joint is in a single joint structure. Some members of that structure are
visible in the block diagram, such as coarse pos, pos cmd, and motor pos_fb.
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Figure 3.1: Joint Controller Block Diagram

The above figure shows five of the seven sets of position information that form the main data flow
through the motion controller. The seven forms of position data are as follows:

* emcmotStatus->carte_pos _cmd - This is the desired position, in Cartesian coordinates. It is updated
at the traj rate, not the servo rate. In coord mode, it is determined by the traj planner. In teleop
mode, it is determined by the traj planner? In free mode, it is either copied from actualPos, or
generated by applying forward kins to (2) or (3).

* emcmotStatus->joints[n].coarse pos - This is the desired position, in joint coordinates, but before
interpolation. It is updated at the traj rate, not the servo rate. In coord mode, it is generated by
applying inverse kins to (1) In teleop mode, it is generated by applying inverse kins to (1) In free
mode, it is copied from (3), I think.
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* ’emcmotStatus->joints[n].pos cmd - This is the desired position, in joint coords, after interpolation.
A new set of these coords is generated every servo period. In coord mode, it is generated from (2)
by the interpolator. In teleop mode, it is generated from (2) by the interpolator. In free mode, it is
generated by the free mode traj planner.

* emcmotStatus->joints[n].motor pos cmd - This is the desired position, in motor coords. Motor co-
ords are generated by adding backlash compensation, lead screw error compensation, and offset
(for homing) to (3). It is generated the same way regardless of the mode, and is the output to the
PID loop or other position loop.

* emcmotStatus->joints[n].motor pos fb - This is the actual position, in motor coords. It is the input
from encoders or other feedback device (or from virtual encoders on open loop machines). It is
“generated” by reading the feedback device.

* emcmotStatus->joints[n].pos fb - This is the actual position, in joint coordinates. It is generated
by subtracting offset, lead screw error compensation, and backlash compensation from (5). It is
generated the same way regardless of the operating mode.

e emcmotStatus->carte_pos fb - This is the actual position, in Cartesian coordinates. It is updated at
the traj rate, not the servo rate. Ideally, actualPos would always be calculated by applying forward
kinematics to (6). However, forward kinematics may not be available, or they may be unusable
because one or more axes aren’t homed. In that case, the options are: A) fake it by copying (1), or
B) admit that we don’t really know the Cartesian coordinates, and simply don’t update actualPos.
Whatever approach is used, I can see no reason not to do it the same way regardless of the operating
mode. I would propose the following: If there are forward kins, use them, unless they don’t work
because of unhomed axes or other problems, in which case do (B). If no forward kins, do (A), since
otherwise actualPos would never get updated.
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3.7 Homing

3.7.1 Homing state diagram
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3.7.2 Another homing diagram

1f no joints left

a joint had an error
on its way home

all joints in this
sequence reached home

3.8 Commands

The commands are implemented by a large switch statement in the function emcmotCommandHan-
dler(), which is called at the servo rate. More on that function later.

There are approximately 44 commands - this list is still under construction.

Note

The cmd_code_t enumeration, in motion.h, contains 73 commands, but the switch state-
ment in command.c contemplates only 70 commands (as of 6/5/2020). ENABLE_WATCHDOG
/ DISABLE_WATCHDOG commands are in motion-logger.c. @~ Maybe they are obsolete. The
SET TELEOP_VECTOR command only appears in motion-logger.c, with no effect other than its own
log.

3.8.1 ABORT

The ABORT command simply stops all motion. It can be issued at any time, and will always be ac-
cepted. It does not disable the motion controller or change any state information, it simply cancels
any motion that is currently in progress.!

11t seems that the higher level code (TASK and above) also use ABORT to clear faults. Whenever there is a persistent fault
(such as being outside the hardware limit switches), the higher level code sends a constant stream of ABORTs to the motion
controller trying to make the fault go away. Thousands of them.... That means that the motion controller should avoid persistent
faults. This needs to be looked into.
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3.8.1.1 Requirements

None. The command is always accepted and acted on immediately.

3.8.1.2 Results

In free mode, the free mode trajectory planners are disabled. That results in each joint stopping as fast
asits accel (decel) limit allows. The stop is not coordinated. In teleop mode, the commanded Cartesian
velocity is set to zero. I don’t know exactly what kind of stop results (coordinated, uncoordinated, etc),
but will figure it out eventually. In coord mode, the coord mode trajectory planner is told to abort the
current move. Again, I don’t know the exact result of this, but will document it when I figure it out.

3.8.2 FREE

The FREE command puts the motion controller in free mode. Free mode means that each joint is
independent of all the other joints. Cartesian coordinates, poses, and kinematics are ignored when
in free mode. In essence, each joint has its own simple trajectory planner, and each joint completely
ignores the other joints. Some commands (like Joint JOG and HOME) only work in free mode. Other
commands, including anything that deals with Cartesian coordinates, do not work at all in free mode.

3.8.2.1 Requirements

The command handler applies no requirements to the FREE command, it will always be accepted.
However, if any joint is in motion (GET MOTION INPOS FLAG() == FALSE), then the command will
be ignored. This behavior is controlled by code that is now located in the function set operating mode()
in control.c, that code needs to be cleaned up. I believe the command should not be silently ignored,
instead the command handler should determine whether it can be executed and return an error if it
cannot.

3.8.2.2 Results

If the machine is already in free mode, nothing. Otherwise, the machine is placed in free mode. Each
joint’s free mode trajectory planner is initialized to the current location of the joint, but the planners
are not enabled and the joints are stationary.

3.8.3 TELEOP

The TELEOP command places the machine in teleoperating mode. In teleop mode, movement of the
machine is based on Cartesian coordinates using kinematics, rather than on individual joints as in free
mode. However the trajectory planner per se is not used, instead movement is controlled by a velocity
vector. Movement in teleop mode is much like jogging, except that it is done in Cartesian space instead
of joint space. On a machine with trivial kinematics, there is little difference between teleop mode
and free mode, and GUIs for those machines might never even issue this command. However for non-
trivial machines like robots and hexapods, teleop mode is used for most user commanded jog type
movements.
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3.8.3.1 Requirements

The command handler will reject the TELEOP command with an error message if the kinematics
cannot be activated because the one or more joints have not been homed. In addition, if any joint is in
motion (GET MOTION INPOS FLAG() == FALSE), then the command will be ignored (with no error
message). This behavior is controlled by code that is now located in the function set operating mode()
in control.c. I believe the command should not be silently ignored, instead the command handler
should determine whether it can be executed and return an error if it cannot.

3.8.3.2 Results

If the machine is already in teleop mode, nothing. Otherwise the machine is placed in teleop mode.
The kinematics code is activated, interpolators are drained and flushed, and the Cartesian velocity
commands are set to zero.

3.8.4 COORD

The COORD command places the machine in coordinated mode. In coord mode, movement of the
machine is based on Cartesian coordinates using kinematics, rather than on individual joints as in
free mode. In addition, the main trajectory planner is used to generate motion, based on queued
LINE, CIRCLE, and/or PROBE commands. Coord mode is the mode that is used when executing a
G-code program.

3.8.4.1 Requirements

The command handler will reject the COORD command with an error message if the kinematics cannot
be activated because the one or more joints have not been homed. In addition, if any joint is in
motion (GET MOTION INPOS FLAG() == FALSE), then the command will be ignored (with no error
message). This behavior is controlled by code that is now located in the function set operating mode()
in control.c. I believe the command should not be silently ignored, instead the command handler
should determine whether it can be executed and return an error if it cannot.

3.8.4.2 Results
If the machine is already in coord mode, nothing. Otherwise, the machine is placed in coord mode.

The kinematics code is activated, interpolators are drained and flushed, and the trajectory planner
queues are empty. The trajectory planner is active and awaiting a LINE, CIRCLE, or PROBE command.

3.8.5 ENABLE

The ENABLE command enables the motion controller.

3.8.5.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.5.2 Results

If the controller is already enabled, nothing. If not, the controller is enabled. Queues and interpolators
are flushed. Any movement or homing operations are terminated. The amp-enable outputs associated
with active joints are turned on. If forward kinematics are not available, the machine is switched to
free mode.
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3.8.6 DISABLE

The DISABLE command disables the motion controller.

3.8.6.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.6.2 Results

If the controller is already disabled, nothing. If not, the controller is disabled. Queues and inter-
polators are flushed. Any movement or homing operations are terminated. The amp-enable outputs
associated with active joints are turned off. If forward kinematics are not available, the machine is
switched to free mode.

3.8.7 ENABLE_AMPLIFIER

The ENABLE AMPLIFIER command turns on the amp enable output for a single output amplifier,
without changing anything else. Can be used to enable a spindle speed controller.

3.8.7.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.7.2 Results

Currently, nothing. (A call to the old extAmpEnable function is currently commented out.) Eventually
it will set the amp enable HAL pin true.

3.8.8 DISABLE_AMPLIFIER

The DISABLE AMPLIFIER command turns off the amp enable output for a single amplifier, without
changing anything else. Again, useful for spindle speed controllers.

3.8.8.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.8.2 Results

Currently, nothing. (A call to the old extAmpEnable function is currently commented out.) Eventually
it will set the amp enable HAL pin false.

3.8.9 ACTIVATE_JOINT

The ACTIVATE JOINT command turns on all the calculations associated with a single joint, but does
not change the joint’s amp enable output pin.
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3.8.9.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.9.2 Results

Calculations for the specified joint are enabled. The amp enable pin is not changed, however, any
subsequent ENABLE or DISABLE commands will modify the joint’s amp enable pin.

3.8.10 DEACTIVATE_JOINT

The DEACTIVATE JOINT command turns off all the calculations associated with a single joint, but
does not change the joint’s amp enable output pin.

3.8.10.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.10.2 Results

Calculations for the specified joint are enabled. The amp enable pin is not changed, and subsequent
ENABLE or DISABLE commands will not modify the joint’s amp enable pin.

3.8.11 ENABLE_WATCHDOG

The ENABLE WATCHDOG command enables a hardware based watchdog (if present).

3.8.11.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.11.2 Results

Currently nothing. The old watchdog was a strange thing that used a specific sound card. A new
watchdog interface may be designed in the future.

3.8.12 DISABLE_WATCHDOG

Komanpga DISABLE WATCHDOG oTkiIoo4YaeT anmnapaTHBEN CTOPOXKEBOU TaliMep (eCliu OH eCTh).

3.8.12.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.12.2 Results

Currently nothing. The old watchdog was a strange thing that used a specific sound card. A new
watchdog interface may be designed in the future.
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3.8.13 PAUSE

Komanpa PAUSE ocTaHaBNWBaET INIAHUPOBIIUK TPpaekTopuu. OHA HE IENCTBYET B CBOOOTHOM PERUME
WM peXUuMe TeJjieonepanuu. Ha maHHBIM MOMEHT s He 3HAl0, OCTAHABJIMBAET JIU OH BCE OBUKEHUS
HeMe[JIeHHO WIK 3aBepIlaeT TeKyllee OBUXKeHUe, a 3aTeM AejlaeT IIay3y, IIpeXye 4YeM BBITAIUThb
Opyroe OBUXKEHUE U3 OYepenu.

3.8.13.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.13.2 Results

HJ'IaHI/IPOBH.II/IK TPAE€KTOPUHN OCTAaHABJIIMBAETCHA.

3.8.14 RESUME

Komanma RESUME nepesanyckaeT IIJIAHUPOBIIIUK TPAEKTOPUHU, €CJIM OH OBLJI HpuocTaHoOBNIeH. OHa He
OeNCTBYeT B CBOOOIHOM MJIM TEJIEOTIEPATUBHOM PEXMMe, a TaKXKe €CJIM IIJIAHUPOBIIUK HE IOCTaBJIEH
Ha rnaysy.

3.8.14.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.14.2 Results

IT1aHMPOBIIMK TPAeKTOPUU BO300OHOBIISAET PaboTy.

3.8.15 STEP

Komanpa STEP nepe3anyckaeT IUTaHUPOBIIUK TPAEKTOPUY, €CIIU OH OBINI ITPUOCTAHOBJIEH, ¥ YKa3bIBAET
MJIaHWPOBIIUKY CHOBa OCTAHOBUTHCS, KOTHa OH OOCTUTAET olnpeneneHHON Touku. OH He [IelCTBYET B
CBOOOOHOM pexXMMe WU pPexXuMe Tejeonepanuu. Ha gaHHBIE MOMEHT S TOYHO He 3HAalo, KaK 3TO
pabotaer. 4 moGaBmiio cloma OOIONHUTENBHYIO MHOKYMEHTAIWI0, Korha YriIyOJIioCh B TIJIAHUPOBIIUK
TPAaeKTOPUHU.

3.8.15.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.15.2 Results

[TTaHUPOBIIUK TPAEKTOPUHU BO30OHOBIsAET PaboOTy, a 3aTe€M IIPUOCTAHABIMBAETCS, KOTHa OOCTUTAET
ompeaeeHHON TOYKH.
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3.8.16 SCALE

Komanma SCALE macmTabupyeT BCe OrpPaHMYEHHUS CKOPOCTH M KOMAaH[IBl Ha YKa3aHHYI0 BEITHYUHY.
OHa KCIIONIb3YyeTCS OJIS Peau3alluy IepeopeaeIeHus CKOPOCTH ITOaYy U APYTUX IMOT0OHBIX (DYHKITHH.
MacmrabupoBanue paboTaeT B CBOOOOHOM, TeJeOePaTUBHOM M KOOPOUHATHOM pEeXMMaXxX W BIUSET
Ha BCe, BKJII0Yasi CKOPOCTh MO3UITMOHUPOBAHUS B UCXOOHYIO TO3UIKIO U T. 0. OOHAKO OTrpaHUYEHUS
CKOPOCTH OTHEJIbHBIX COYJIEHEHWHN He 3aTParuBalOTCH.

3.8.16.1 Requirements

None. The command can be issued at any time, and will always be accepted.

3.8.16.2 Results

Bce KoMaHOBI CKOPOCTH MacCIITaOUPYIOTCS YKa3aHHON KOHCTAHTOM.

3.8.17 OVERRIDE_LIMITS

Komanpma OVERRIDE LIMITS mpeporBpamiaeT cpabaTHBaHHUE IIPENEIOB A0 OKOHYAHUS CIedyIoIiein
kKoMaHabl JOG. OOBIYHO OHA HCIIOIB3YETCS OJIsI TOT0, YTOOBI CTAHOK MOT OBITH OTBEOEH C KOHIIEBOTO
BBIKJTIOYaTE s mocie cpabaTriBanus. (Ha caMom mesie 3Ty KOMaHIy MOZKHO MCIIOIb30BaTh [IJIsI I€PEOIIPEIeTIe
OTPaHUYEHUN WU OJI51 OTMEHHI IIPEABbIOYIIEro IepeonpeneneHns.)

3.8.17.1 Requirements

Hukakux. KomaHma MoxkeT OBITh IOgaHa B J1i000e BpeMs u Bcerga Oymet mpuHsita. (4 gymaio, 9YTO 3TO
OOJIZKHO paboTaTh TOJIBKO B CBOOOOHOM pexKUMe.)

3.8.17.2 Results

OrpaHuyeHus OJisd BCEX COYJIEHEHUU MIEPEONPENENIIOTCSI OO OKOHYaHuA cilenymolner KkoMmaHOel JOG.
(B HacTosIEE BPpEMS 9TO HEe paboTaeT... Kak TOJIbKO nonydyeHa komauga OVERRIDE LIMITS, npepnest
WTHOPUPYIOTCS OO0 TeX Iop, Ioka apyras komanga OVERRIDE LIMITS He akTuBHpPyeT UX CHOBA.)

3.8.18 HOME

Komaumga HOME mHUIIMHUPYET MOCIENOBaTEIbHOCTL BO3BpaTa B MCXOOHOE IIOJIOXKEHUS YKa3aHHOTO
cousnieHeHus. ®akTUuecKas IOCJIeIOBATEJILHOCTL BO3BpaTa OIpefesieTCs PSIoM IapaMeTPOB KOHGUTypally
U MOXKEeT BapbUPOBAaThHCS OT IPOCTOU YCTAHOBKY TEKYIIET 0 II0JI0XKEHU I Ha HOJIb O MHOTOCTYIIEHYaTOT 0
IIOMCKa KOHIIEBOT0 BEIKJIIOUATENISI UCXOOHOM ITO3UIIUY U NHOEKCHOI'0 UMITYJIbCa C IIOCIIeNYOIIUM lIepeMeIleH]
B IIPOU3BOJILHOE UCXOOHOE IOJIoKeHUe. [1719 IONy4YeHns DOIOTHUTENILHOM NHMDOPMAITUH O II0CIeN0BaTEIIbHO!
BO3BpaTa CM. pa3fesl BO3BPAaT B UCXOOHYIO [TO3ULINI0 B PyKOBOACTBE CHCTEMHOI'0 pa3paboTyrKa.

3.8.18.1 Requirements

KomaHnpa 6ymeT Momda UTHOPUPOBATHCS, €CIIM CTAHOK HE HaXOOUTCS B CBOOOTHOM pexuMe.
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3.8.18.2 Results

JIro6as MeaIeHHAas mogada uitu Opyroe nBrU2xKeHHe COYJIEHEeHUd IIPEePhIBA€TCA, U HAYUMHAETCA I10CJIe10BaTeIlb
BO3BpPATa B NCXOOHOE II0JI0O2KEHHUE.

3.8.19 JOG_CONT

The JOG_CONT command initiates a continuous jog on a single joint. A continuous jog is generated
by setting the free mode trajectory planner’s target position to a point beyond the end of the joint’s
range of travel. This ensures that the planner will move constantly until it is stopped by either the
joint limits or an ABORT command. Normally, a GUI sends a JOG CONT command when the user
presses a jog button, and ABORT when the button is released.

3.8.19.1 Requirements

The command handler will reject the JOG_CONT command with an error message if machine is not in
free mode, or if any joint is in motion (GET MOTION INPOS FLAG() == FALSE), or if motion is not
enabled. It will also silently ignore the command if the joint is already at or beyond its limit and the
commanded jog would make it worse.

3.8.19.2 Results

The free mode trajectory planner for the joint identified by emcmotCommand->axis is activated, with
a target position beyond the end of joint travel, and a velocity limit of emcmotCommand->vel. This
starts the joint moving, and the move will continue until stopped by an ABORT command or by hitting
a limit. The free mode planner accelerates at the joint accel limit at the beginning of the move, and
will decelerate at the joint accel limit when it stops.

3.8.20 JOG_INCR

The JOG_INCR command initiates an incremental jog on a single joint. Incremental jogs are cumula-
tive, in other words, issuing two JOG INCR commands that each ask for 0.100 inches of movement
will result in 0.200 inches of travel, even if the second command is issued before the first one finishes.
Normally incremental jogs stop when they have traveled the desired distance, however they also stop
when they hit a limit, or on an ABORT command.

3.8.20.1 Requirements

The command handler will silently reject the JOG INCR command if machine is not in free mode, or
if any joint is in motion (GET MOTION INPOS FLAG() == FALSE), or if motion is not enabled. It will
also silently ignore the command if the joint is already at or beyond its limit and the commanded jog
would make it worse.

3.8.20.2 Results

The free mode trajectory planner for the joint identified by emcmotCommand->axis is activated, the
target position is incremented/decremented by emcmotCommand->offset, and the velocity limit is set
to emcmotCommand->vel. The free mode trajectory planner will generate a smooth trapezoidal move
from the present position to the target position. The planner can correctly handle changes in the
target position that happen while the move is in progress, so multiple JOG INCR commands can be
issued in quick succession. The free mode planner accelerates at the joint accel limit at the beginning
of the move, and will decelerate at the joint accel limit to stop at the target position.
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3.8.21 JOG_ABS

The JOG_ABS command initiates an absolute jog on a single joint. An absolute jog is a simple move
to a specific location, in joint coordinates. Normally absolute jogs stop when they reach the desired
location, however they also stop when they hit a limit, or on an ABORT command.

3.8.21.1 Requirements

The command handler will silently reject the JOG_ABS command if machine is not in free mode, or if
any joint is in motion (GET MOTION INPOS FLAG() == FALSE), or if motion is not enabled. It will
also silently ignore the command if the joint is already at or beyond its limit and the commanded jog
would make it worse.

3.8.21.2 Results

The free mode trajectory planner for the joint identified by emcmotCommand->axis is activated, the
target position is set to emcmotCommand->offset, and the velocity limit is set to emcmotCommand-
>vel. The free mode trajectory planner will generate a smooth trapezoidal move from the present
position to the target position. The planner can correctly handle changes in the target position that
happen while the move is in progress. If multiple JOG _ABS commands are issued in quick succession,
each new command changes the target position and the machine goes to the final commanded position.
The free mode planner accelerates at the joint accel limit at the beginning of the move, and will
decelerate at the joint accel limit to stop at the target position.

3.8.22 SET _LINE

The SET LINE command adds a straight line to the trajectory planner queue.

(More later)

3.8.23 SET CIRCLE

Komanma SET CIRCLE po6aBnsieT KpyroBoe ABUXKEHUE B 0O4epelb IJIaHUPOBIINKA TPAeKTOPUU.
(More later)

3.8.24 SET_TELEOP_VECTOR

Komanpga SET TELEOP VECTOR yka3rlBaeT KOHTPOJIJIEPY OBUKEHUS OBUTATHCSA II10 ONIPEIEeIeHHOMY
BEKTODY B 1eKapTOBOM IIPOCTPAHCTBE.

(More later)

3.8.25 PROBE

Komanpga PROBE yka3biBaeT KOHTPOJUIEPY ABUKEHHUS OBUTaThCS B HallpaBJIeHUU OIIpefeJIeHHOU TOUKHU
B JEKapTOBOM IIPOCTPAHCTBE, OCTAHABIMWBAsA ¥ 3aMKUCHIBAs €r0 MOJIOXKEHUe, ecjiu cpabaTeIBaeT BXO[
maT4yuKa.

(More later)
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3.8.26 CLEAR_PROBE_FLAG

Komanma CLEAR PROBE FLAG ucnomnb3dyeTcd Ojs cOpoca Bxola faTulKa IIpU IOATOTOBKE K KOMaHe
PROBE. (Bompoc: mouemy komanna PROBE He momkHa aBTOMaTU49eCKu cOpachiBaTh BBOA?)

(More later)

3.8.27 SET xix

CymiecTtByeT npuMepHO 15 koMaHf SET xxX, rfie XXX — 3TO UM HEKOTOPOI'O ITapaMeTpa KOHUrypaluu.
OzxupaeTcs, 4yTo OyOeT elle HeCKOIbKO KoMaHa SET mo mepe mo6aBJieHUS HOIOTHUTETbHEBIX TapaMeTPOB.

A xoTen 611 HaliTH 60Jiee aKKypaTHHIN C10CO0 YCTaHOBKU U YTEHUS TapaMeTpPoB KoHpurypauuu. CyuiecTByIO
MeTOnbl TpeOyIoT nobaBIeHNsI MHOXKECTBa CTPOK Kofla B HECKOJILKO ¢aiiyioB IIpU KaxkaoM nobaBieHuun
nmapameTpa. bombias 4acTh 3TOr0 KOfa UAEeHTUYHA UJIU IIOYTH UAeHTUYHA OJI KaXKAoro IlapaMeTpa.

3.9 KomneHcauusa nwodTa ¥ NOrpeiHoCTU BUHTOB

+ FIXME blleilbllobllbllellbi 'I'Ib”b"eb"b"Hb"b"Cb"b"ab”b"Ll,b"b”VIb"b"ﬂb” bl >
Inbllblllob!lblld)bllblITbIIbIIabIl blIMbll brlnbllbllobllbllrbllbllpbllbllebllbllmbllbl —
lellbrlobrlbllcbllblrTbrlbI!Mbl! bllellbl!Mbl!bllelrbrITbIlblIObllbllell

3.10 KoHTponnep 3apay (EMCTASK)

3.10.1 CocTosiHMe

3aaya UMeeT TPU BO3MOKHEIX BHYTPEHHUX COCTOSIHUS: ABapHHHAasi OCTAaHOBKA, COPOC aBapHHHOH

oCcTaHOBKH 1 CTaHOK BK/IIIOYEH.
C Bt > e
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3.11 KoHTponep BBopa/sbiBopga (EMCIO)

The I/O Controller is part of TASK. It interacts with external I/O using HAL pins.

B macrosimmee BpeMmss ESTOP/Enable, COXK u cmeHa mHCTpyMeHTa obOpabaTheiBaroTcst iocontrol. 3To
OTHOCUTEIbHO HU3KOCKOPOCTHEIE COOBITHS, BEICOKOCKOPOCTHOM CKOOPAUHUPOBAHHBIN BBOA-BLIBOM 00pabaTh!
B OBUXKEHUMU.

emctaskmain.cc sends I/O commands via taskclass.cc.

IIPOLIeCC OCHOBHOTO IMKJIa iocontrol:

* IIPOBEPSET, YTOOBI YBUOETH, YTO BXOAHBIE HaHHbIe HAL M3MeHUINUCH

* IpoBepseT, yka3eiBaeT 1u read tool inputs(), 4To cMeHa MHCTpyMeHTa 3aBepllleHa, U yCTaHaBINBaeT
emcioStatus.status

3.12 WHTepdencol nonb3soBatens

bl IVIbI rbl lel lbr ITb! Ibl Iebl Ibl Ipbl Ibl l¢bl rbr Iebl lbl ll‘l‘lb! Ibl chl Ibl !blblr bl Inbl lbl robl Ibl >
lnbl lbl Ibbl Ibl I3bl Ibl Iobi Ibl IBbI Ibl Iabl lbl ITbl Ibl Iebl Ibl Inbl Ibl ’ﬂb"

3.13 libnml Introduction

libnml is derived from the NIST rcslib without all the multi-platform support. Many of the wrappers
around platform specific code has been removed along with much of the code that is not required
by LinuxCNC. It is hoped that sufficient compatibility remains with rcslib so that applications can be
implemented on non-Linux platforms and still be able to communicate with LinuxCNC.

This chapter is not intended to be a definitive guide to using libnml (or rcslib), instead, it will eventually
provide an overview of each C++ class and their member functions. Initially, most of these notes will
be random comments added as the code scrutinized and modified.

3.14 LinkedList

Base class to maintain a linked list. This is one of the core building blocks used in passing NML
messages and assorted internal data structures.

3.15 LinkedListNode

Base class for producing a linked list - Purpose, to hold pointers to the previous and next nodes, pointer
to the data, and the size of the data.

No memory for data storage is allocated.

3.16 SharedMemory

Provides a block of shared memory along with a semaphore (inherited from the Semaphore class). Cre-
ation and destruction of the semaphore is handled by the SharedMemory constructor and destructor.
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3.17 ShmBuffer

Class for passing NML messages between local processes using a shared memory buffer. Much of
internal workings are inherited from the CMS class.

3.18 Timer

The Timer class provides a periodic timer limited only by the resolution of the system clock. If, for
example, a process needs to be run every 5 seconds regardless of the time taken to run the process,
the following code snippet demonstrates how :

main()
{
timer = new Timer(5.0); /* Initialize a timer with a 5 second loop */
while(0) {
/* Do some process */
timer.wait(); /* Wait till the next 5 second interval */
}

delete timer;

3.19 Semaphore

Knacc Semaphore mpepocTaBisieT MeTOH B3aMMHBIX MCKITIOUEHWUH IJIsT AOCTyNa K 00IeMy pecypcy.
OyHKUIMS 01151 ToTy4YeHus ceMadopa MoxeT 1u60 6JI0KMPOBATHCS [0 TEX IIOP, IT0KA OTCYTCTBYET OOCTYII,
BO3BpAaIIaThCS IIOCIIe TalM-ayTa, In00 HeMeOJIEHHO BO3BpamaThcs ¢ unu 0e3 nonydeHus: cemadopa.
KoHCTpyKTOp co3macT cemadop UK MPHUCOEMUHUTCS K CYIIECTBYIOIIEMY, eClTu UIeHTU(UKATOP yKe
HCIIOJTE3yEeTCH.

Semaphore::destroy() momkeH BBI3LIBATHLCS TOJIBKO IIOCJIETHUM IIPOIIECCOM.

3.20 CMS

B ocHoge libnml nexut knacc CMS, oH comepzKuUT OONBIIMHCTBO GYHKIIMN, UCTOJIL3yeMbIx libnml

u no 6ombmioMy cuetry NML. MHorve u3 BHYTPEeHHUX (QYHKIIUM NTeperpyXkeHbl, 4TOOB 00eCIeuuTh
OIpefieIeHHEIE allllapaTHO-3aBUCUMEBIE METOALI IEPENaYy JAHHBIX. B KOHEYHOM CYeTe, BCE BpalaeTcs
BOKPYT IIEHTPaJIbHOro 0JI0Ka MaMATH (Ha3siBaeMoT0 «0yhepoM COOBIIeHUH» UITH IIPOCTO «Oydhepom»).

AtoT 6ydhep MOXKET CyIIECTBOBATh KaK OJIOK 00IIIel TaMsaTH, K KOTOPOMY 00paIaroTCs PYTUE TPOLECCH
CMS/NML, unu Kak JT0KaJIbHBIN U YaCTHEIM Oydep o1 JaHHBIX, IepelaBaeMbIX [0 CETH UJIU IOCJIef0BaTEIbH
unrepdericam.

Bydep BraenseTcs QUHaAMHUYECKHU BO BPEMS BHIITOJTHEHUSI, YTOOBI 00€CIIeYUTD OOJIBIITYI0 THOKOCTH ITOACUCTEM
CMS/NML. Pazmep Oydepa moimKeH OBITh HOCTATOYHO OOJBIIUM, YTOOBI BMECTUTH CaMoOe OO0JIbIIIoe
coobiienne, HeOOIbIIION 00 bEeM AJIsT BHYTPEHHET 0 UCII0JTh30BaHUSI U ITO3BOJISITh KOOUPOBATh COOOIIIEHUE,
ecniu BHIOpaH 9TOT mapaMeTp (3aKOOUPOBaHHBIE MaHHbIE OyAyT pacCMOTpPEeHH mo3xke). Ha cnemyroriem
PUCYHKe TI0Ka3aH BHYTPEHHUH Bup Oy(HepHOro MpoCTPaHCTBa.
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Buffer Name [32 char]

CMS Header {
Read,
Message ID
Message Size

}

Data Space

CMS 6ydep baszossrii kjtacc CMS B mepByio o4uepenb OTBeYaeT 3a CO3TaHNe KaHaJIOB CBSI3W U B3aUMOIEHCTBI
C OmIepalMoOHHON CUCTEMOM.

3.21 dopmMmaT panna KoHdpurypauum

Koudurypauus NML cocTtouT u3 gByx TUIOB popMaToB CTpPoK. OpuH nnsg 6ydepoB, a BTOpoOM Oid
IIPOIIECCOB, KOTOPHIE MOOKTIOYAIOTCS K Oydepam.

3.21.1 bydepHas nMHusA
Hcxonmueit hpopmat cTpoku Oydepa NIST:

* B name type host size neut RPC# buffer# max_procs key [type specific configs]
* B - uneHTUGUIIUPYET 3Ty CTPOKY KakK KoHpuryparuio 6ydepa.

* name - 3T0 ugeHTUGUKaTOpP Oydepa.
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* type — onuckiBaeT tun 6ypepa — SHMEM, LOCMEM, FILEMEM, PHANTOM unu GLOBMEM.
* «xocT» — 3T0 nubo IP-agpec, nu6o uMs xocTta O cepBepa NML
* size - pa3Mep O6ydepa

* neut - JOrMYeCcKoe 3HAYEeHHe, yKa3hBaloIlllee, 3aKOOWPOBAaHBI M HAaHHLBIE B Oydepe B MaIIHMHHO-
He3aBUCHUMOM (opMaTe WIH OHU B HeoOpabOoTaHHOM BHUIE.

¢ «RPC#» — ycTapeno — 3aIOoIHUTENIb COXPaHeH TONMbKO OJIsT 00paTHOM COBMECTHUMOCTH.

 buffer# — yHUKaIbHBIM UTeHTUGOUKAIMOHHEIA HOMED, UCIIONIL3YEeMEBIH, €CITH CepPBep YIIPaBIIAeT HECKOILKY
6ydepammu.

® max _procs - MakKCHMaJIbHO€ KOJIMYEeCTBO IIPOLIECCOB, KOTOPBIM Pa3PeEIlIeHO IIOOKIIYAThCA K 3TOMY
Oydepy.

e key - ynucsoBoi umeHTUGUKATOP O Oydepa oOIIel maMsaTu

3.21.2 TunusupoBaHHble KOH(pUrypauum

Tun 6ydepa nogpazyMeBaeT AOIOTHUTEIIFHEIE TapaMeTPhl KOHQUTYPaIlUH, B TO BpeMs Kak ollepaiiuoHHas
CHCTeMa X0CTa UCKJITIOYaeT OnpeeieHHbIe KoMOUHanuu. [1pu momsITKe mpeodpa3oBaTh ONyGIMKOBaHHYIO
OOKyMEHTAIIHNIO B COTJIaCOBaHHBIM (hopMaT OymeT pacCMOTPEH ToJbKO Tull 6ydepa SHMEM.

* mutex=0s_sem - default mode for providing semaphore locking of the buffer memory.
* mutex=none - Not used

* mutex=no_interrupts - not applicable on a Linux system

* mutex=no _switching - not applicable on a Linux system

* mutex=mao split - Splits the buffer in to half (or more) and allows one process to access part of the
buffer whilst a second process is writing to another part.

e TCP=(port number) - Specifies which network port to use.
e UDP=(port number) - ditto

e STCP=(port number) - ditto

e serialPortDevName=(serial port) - Undocumented.

* passwd=file name.pwd - Adds a layer of security to the buffer by requiring each process to provide
a password.

* bsem - NIST documentation implies a key for a blocking semaphore, and if bsem=-1, blocking reads
are prevented.

* queue - Enables queued message passing.

* ascii - Encode messages in a plain text format

» disp - Encode messages in a format suitable for display (??7?)

* xdr - Encode messages in External Data Representation. (see rpc/xdr.h for details).

* diag - Enables diagnostics stored in the buffer (timings and byte counts ?)
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3.21.3 Process line

The original NIST format of the process line is:

P name buffer type host ops server timeout master c_num [type specific configs]

* P - identifies this line as a Process configuration.

e name - is the identifier of the process.

* buffer - is one of the buffers defined elsewhere in the config file.

* type - ompenenser, ABIISETCS JIU 3TOT IIPOLECC JIOKAJIbHEIM HUJTH yYOAJIeHHBIM 110 OTHOIIEHUIO K Oydepy.
* host - yKka3pIBaeT, rje B CeTH 3allylleH 3TOT IIPOIecC.

* Ops - gaetr npoueccy I[OCTyrI TOJIBKO OJIsd YTeHUsd, TOJIBKO OJIsI 3alluCU UJIU OJId ‘{TeHI/IH/SaHI/ICI/I K
Oydepy.

e server - yKa3hIBaeT, OyIeT JIU 9TOT IPOIIeCC 3alyCcKaTh CepBep I aToro 6ydepa.
* timeout - ycTaHaBIMBaeT XapaKTEPUCTUKYU TalMayTa [AJis JocTyna K 6ydepy.
* master - yKa3beIBaeT, OTBEYAET JIM 9TOT IIPOLIECC 3a CO3MaHUe U YHUUTOXKeHue Oydepa.

* C num - 11eJioe YUCJIO OT HyId Ao (max procs -1)

3.21.4 KoMMeHTapum K KOHdurypauumm

HexkoToptie n3 KoOMOUHAIMME KOHPUTYPAIIUU HeAeHCTBUTEIILHEL, B TO BPEMSI KaK OPYTHue MOAPa3yMeBaoT
onpenenerHele orpanndeHus. B cucreme Linux GLOBMEM ycrapen, B To Bpemsa kak PHANTOM
OEeUCTBUTENIBHO II0JIe3€H TOJILKO Ha 3Talle TeCTUPOBaHUS Npuioxkenusd, Kak u g FILEMEM. LOCMEM
MaJIOIIPUTOOEH OJIsI MHOTOIIPOIIECCOPHOT0 IPUJIOKEHUS U ITpeajiaraeT JINIIb OTpaHUYeHHbIe IPeUMyIlecTBa
B IIPOM3BOOUTENBHOCTH 110 cpaBHeHHIO ¢ SHMEM. OT10 octaBnser SHMEM eguHCTBEHHBEIM THUIIOM
6ydepa mns ncnonb3oBanus ¢ LinuxCNC.

I[NapaMeTp neut UCTIIOIB3yETCHA TOJIBKO B MHOT OIIPOIIECCOPHOM CHCTEME, THE Pa3HEIE (M HECOBMECTHUMEIE)
APXUTEKTYPBI COBMECTHO HUCIIOJIB3YIOT OJIOK IIAMSTH. BepOHTHOCTb YBUOETE CUCTEMY TAKOI'O THIIA 3a
mpejenaMyu My3esi UM UCCIIeJOBAaTENIbCKOT0 YUPEeXOeHUsI HeBelluKa U UMeeT OTHOLIEeHUE TOJIBKO K
oydepam GLOBMEM.

Homep RPC 3amoKyMeHTUPOBAH KaK yCTAPEBIITHUHN B COXPaHSIETCS TOIBKO 110 COOOPazkeHUSIM COBMECTHUMOCTH.

C yHuUKanbHHIM MMeHeM Oydepa Halmyue YHCJIOBOT0 MAEeHTHU(HUKATOpPa KaxXKeTcsl 6eCCMBICIIEHHBIM.
Heo6xomuMo npocMOTPETh KO, YTOOHI OIIPeneIuTh JIOTUKY. TOYHO Tak XKe KJII0UeBOe I10Jie Ha IePBLIN
B3rJIsI KaXeTCs N30BITOYHLIM M MOXKeT OBITh ITOTy4eHo u3 uMeHu Oydepa.

Llenb orpaHuYeHUsT KOMTUYECTBA IIPOIECCOB, KOTOPHIM Pa3pelIeHo0 IMOOKIIYaThCA K TI000MYy OQHOMY
Oydepy, HesICHa U3 CYIEeCTBYIOIIEH JOKyMEHTAIM ¥ OPUTHHANILHOTO MCXOMHOT0 Koma. Pa3pemuTs
HeolpeneleHHBM MHOXKECTBEHHBIM IIPOIleccaM MOOKITIYaThCS K O0ydepy peann30BaTh HE CIIOXKHEE.

THUITBI MBIOTEKCOB CBOISITCS K OMHOMY M3 OBYX: IO YMOJTYQHUIO «0S_Sem» Uiu «mao split». BonpmmaCcTBO
coobimiennit NML OTHOCHUTENILHO KOPOTKHE M MOTYT OBITH CKOIHPOBaHHI B Oydep unu us Gydepa c
MUHUMAJILHBIMH 3a[IePKKaMu, I03TOMY pa3fellbHOe YTeHne He 0013aTeIbHO.

KopupoBaHue gaHHEIX UMeeT 3HaYeHUe TOJIBKO IIPU Iepefade yaoajleHHOMY IIpoleccy. Mconb30BaHue
TCP unu UDP nmogpasymMmeBaeT KogupoBaHue XDR. B To BpeMs kKak KogupoBaHue ASCII MOXeT UMeTh
HEKOTOpOe IIPUMEHEeHUe B JUarHOCTUKe UIIU [OJIs llepefadyy JaHHEBEIX BO BCTPOEHHYIO CUCTEMY, KOTOpas
He peanu3yeT NML.

ITpotokonsl UDP mMeroT MeHbIIIe TPOBEPOK AaHHHBIX U IT03BOJISIOT OTOPAChIBaTh IIPOIeHT nakeToB. TCP
Ooyee HafexkeH, HO HEMHOI'O Me[lJIeHHee.
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Ecnu LinuxCNC gomnzkeH OBITE IIOJKJII0YEH K CeTH, MOXKHO HagesIThCsI, YTO OHA JIOKaJIbHaA U HAaXOOUTCS

3a OpangMayapoM. EquHCTBeHHAs MpUYMHa pa3pemuThb AocTyn K LinuxCNC yepe3 MHTepHET — ymaneHHast
OUATHOCTHUKA. ITOT0 MOXKHO JOOUTHCS ropa3mo 6onee 6€30MacHO, UCIIOJIB3YS APYTHe CPeACcTBa, HAIIPuUMeED,
BeO-uHTEpdeiic.

TouHOe IToBemeHMe, KOT'Ia BpeMs OKMUAaHNUS YCTaHOBIE€HO PaBHBIM HYJIIO UJIU OTPULIQTEIbHOMY 3HAaUYEHUIO,
HescHO u3 mokymMeHTOB NIST. Ynomunuarorcsa tonbko INF u monoxurtenbHble 3HaueHUs. OnHAaKO,
nmorpeGeHHBIN B UCXOOHOM Kofe rcslib, o4eBumHO, YTO IPUMEHUMO Cledyollee:

timeout > 0 BiokupoBKa [OCTyIla [0 TEX MOP, IToKa He OyAeT MOCTUTHYT MHTEPBaJ TaliM-ayTa WU
MMOSIBUTCST OOCTYH K Oydepy.

timeout = 0 [Moctyn K 6ydepy BO3MOXKEH TOJIBKO B TOM CiIy4ae, €CJIM HUKAKOU APYro¥d mpolecc He
YHWTAET U He IUIIET B 3TO BPEMS.

timeout < 0 mwym INF [TocTymn 3a6GI0KMpPOBaH OO TeX IIOp, Ioka Oydep He OymeT JMOCTYIEeH.

3.22 ©0a3o0BbIn Knacc NML

PackpoiiTe ciucku U B3auMOCBs3b Mexxny NML, NMLmsg u knaccaMmu cms 00jiee HU3KOIO YPOBHSI.
He nytate ¢ NMLmsg, RCS STAT MSG unu RCS CMD MSG.

NML oTBeyaeT 3a CHUHTaKCUYECKUYM aHanu3 ¢aiiyia KoHGUTypaluu, HaCTPOMKy O6ydepoB cms U ABISIETCS
MeXaHHU3MOM MaplIpyTu3aliui cCo00IeHN B IpaBuibHE(e) 6ydep(r1). Ins sToro NML co3maeT HECKOJILKO
CIIHMCKOB [IJIS:

¢ Oydepsl cms, CO3TaHHbIE UITH MOOK/IIOYEHHBIE K HUM.
* IIPOIIECCH U 6ydepr, K KOTOPHIM OHU HOOKITIOYAIOTCS

* OJIMHHBIM CIIMCOK QYHKIIUH dopMaTa OIS KaXXgoro THUIIa COOOIIeHU s

OTOT IOCNIeOHUN IIYHKT, BEPOSITHO, SIBISIETCS OCHOBHOM IPUYMHOM HecooTBeTCTBUS libnml/rcslib u
NML B nenom. Kaxpoe coobienue, nepemaBaemoe yepe3s NML, TpebGyeT npucoequHEHUS OIIPeieIeHHOT O
o0bema nHGpOPMALIMU B AOTIOTHEHNE K (PaKTUUECKUM OJaHHBIM. [IJ151 3TOT0 ITOCJIef0BaTEIbHO BHI3EIBAIOTCS
HECKOJIbKO GYHKINN HopMaTUPOBaHUS i COOPKY pparMeHTOB 00111ero coobiienuss. dyukuuu popmaTa
oynoyTt Bkmiodatek NML TYPE, MSG TYPE B gomojHeHUe K OaHHBIM, OOBSIBJIEHHBIM B ITPOU3BOOHBIX
knaccax NMLmsg. HM3meHeHUsa B IOpPSAKE, B KOTOPOM BBI3EIBAIOTCHA (PYHKIINU HOpMaTUPOBAHULI, a
TakzKe IlepefaBaeMble IepeMeHHBIe, HapyllaT COBMECTUMOCTE C rcslib, ecnu ¢ HuMm 4TO-TO He Tak.
Cy11ecTBYIOT IPUYMHEL IJI IIOOAEePKaHU A COBMECTUMOCTH C rcslib 1 BecKue NpuYuHEI OJ1 BMEIIaTeIbCTBa
B Kofi. Bomrpoc B TOM, Kako¥ HaOOp IIPUYUH IPEeBaIupyeT?

3.22.1 BHyTpeHHee ycTpoucTtso NML

3.22.1.1 KoHcTpyKkTOp NML

NML::NML() ananusupyeT (ain KoHGUrypauuu 1 COXpaHseT ero B CBI3aHHOM CHUCKe OJIsA Iepegaydyu

B KOHCTPYKTOPHI CMS B BHOE OTHENbHHIX CTPOK. OYHKIUS KOHCTPyKTopa NML cOCTOMT B BBEI30OBE
COOTBETCTBYIOIIET0 KOHCTPYKTOPA CMS [Jjis Kaxkmoro 0ydepa 1 BeeHNH CITMCKa 00 bEKTOB CMS U ITPOIIECCOB,
CBSI3@HHHIX C KaXXOHIM OydepoM.

HMIMEHHO C TOMOIIBIO YKa3aTeHefI, XPaHALINXCA B CIIMCKAX, NML MoxkeT B3aMOIeMCTBOBATL C CMS, U
II03TOMY Doxygen He MOXKeT II0OKa3aTh PeaJIbHbIe OTHOIIIEHM .
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Note
KoH(Ur xpaHUTCA B NaMATU 00 rnepefadvyn ykasaTens Ha KOHKPETHYIO CTPOKY KOHCTPYKTOpY CmMS.
3aTeM KOHCTPYKTOP CMS CHOBa aHaNM3npyeT CTPOKY, 4TOobbl n3BNeYb napy rnepemMeHHsbIX... bbino 6bl
pa3ymMHee BbINosIHUTL BECb aHanns3 n coxpaHuTb NepeMeHHbIe B CTPYKTYpe, KoTopas nepepaeTcs
KOHCTPYKTOPY CMS. 3TO yCTpaHUT 06paboTKy CTPOK U YMEHbLUUT KonyecTso AybsinkaToB Kona B
cms...

3.22.1.2 YveHue/3anucb NML

BrrzoBel NML::read 1 NML::write BEIIOTHSIOT CX0XKHe 3aJa4Yy B TOM, YTO KacaeTcs 00paboTKU COOOIeHUS.
E,'E[I/IHCTBeHHaS{ PealibHasa Pa3HHUIla 3aKJII04YaeTCs B HallPpaBJIEHUHU IIOTOKA HaHHEIX.

BrI30B QyHKIMU YTEHUS CHayaJsla Ilojly4daeT qaHHble U3 0ydepa, 3aTeM BrI3bIBaeT format output(), B To
BpeMs Kak QyHKIUA 3anucu BeI3biBaeT format input() mepepn nepemauei qaHHBIX B Oydep. ViMeHHO B
format xxx() mporcxomuT paboTa o IOCTPOEHUIO UITH AEKOHCTPYKIUY cO001meHns1. CIIMCOK PA3JIMYHBIX
(pyHK1IMM BBI3EIBAETCS II0 OYEpenH I pa3MeIleHUsI pa3/InuHbIX YacTel 3aromoBka NML (He mmyTaTs C
3aroJIOBKOM CIMS) B TpaBUJIbHOM ITopsAgkKe. [TocnenHel BEI3bIBaeMOM GyHKITUEH aBisgeTcsa emcFormat()
B emc.cc.

3.22.1.3 OTtHoweHus NMLmsg u NML

NMLmsg — 3to 6a30BHIM KJIacC, OT KOTOPOTO IIPOUCXOOAT BCe KJlacChl coobmenuii. Kaxkabuii Kiacc
COOOIIIeHN S JOJIXKEH UMETh YHUKAJIbHEIN UOAeHTU(PHUKATOD, OIIPEeNeIeHHEIH (M TepefaHHbIi KOHCTPYKTOPY),
a Takxke QyHKIuio o6HOoBIeHUs (*cms). OyrKIus update() OymeT BRI3BIBATHCS GYHKIMSIMU YTEHUSI/3aTUCH
NML npwu BrIzoBe Moayisa popmatupoBanuss NML — ykasaTenb Ha MOOynb ¢pOopMaTHPOBaHUSA OymeT
00BsBIIeH B KOHCTPYKTOPe NML B Kakoi-To MOMeHT. bnarogaps cBsi3aHHBIM CIMCKaM, KOTOPBIE CO3aeT
NML, oH MoXeT BHIOMpPATh yKa3aTellb CmS, KOTOPLIM mepenaeTcss hopMaTTepy, W, CliefdoBaTeNlbHO,
Kakou 6ydep “CIoIs30BaTh.

3.23 J[JoObaBneHue nosib3oBaTesIbCKUX KomaHa NML

LinuxCNC goBOIBHO KPYT, HO HEKOTOPBIE YaCTU HY2KOAIOTCS B IpaBKaxXx. Kak Brl 3HaeTe, CBA3b OCYIIECTBIISAE!
yepe3 KaHanel NML, maHHBIE, OTIIPaBIIIEeMEbI€ Yepe3 TaKOM KaHall, IBJISIOTCS OOHUM U3 KJIaCCOB, OIPeeJIeHH
B emc.hh (peanmu3oBanHBIX B emc.cc). Eciau KOMy-TO HY2KEeH HECYIIECTBYIOUINM TUII COOOIIEHUs, OH
OOJIXKEH BBIIOJIHUTH CJIEVIOIINe Iaru, 4Tobnsl mob6aBuTh HOBHIM. (Co0O0IeHre, KOTOpoe s HoOaBUl B
npumepe, HaseiBaeTca EMC 10 GENERIC (wacnegyer EMC 10 CMD MSG (macnegyer RCS CMD MSG)))

1. nmo6aButs onpepnernenue kiacca EMC I0 GENERIC B emc2/src/emc/nml intf/emc.hh

2. mob6aBbTe onpepnenenue tumna: #define EMC I0 GENERIC TYPE ((NMLTYPE) 1605)

a. (g Beibpan 1605, moTomMy 4TO OH OB AOCTYIEH) B emc2/src/emc/nml intf/emc.hh
3. mo6aButh 610k EMC I0 GENERIC TYPE B emcFormat B emc2/src/emc/nml intf/femc.cc
4. po6aButk 6710k EMC IO GENERIC TYPE B emc symbol lookup B emc2/src/emc/nml intf/femc.cc
5. mo6aBuTth pyukumio EMC 10 GENERIC::update B emc2/src/emc/nml _intf/emc.cc

IMepekoMnIunIupy#Te, U HOBOE COOOILIEHNE NOJIKHO ObITh TaM. Credyiolias 9acTh — OTIPABJISATh TAKUeE
COOOIIeHNsT OTKyHa-TO, ITIOIy4YaTh UX B OPYTOM MECTE U YTO-TO C 3TUM [OeJjiaTh.
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3.24 Ta6nuMua MHCTPYMEHTOB M YCTPOMUCTBO CMEHbI MHCTPYMEHTa

LinuxCNC B3auMopercTByeT c 000pyIoBaHUEM CMEHBI MHCTPYMEHTAa U UMEET BHYTPEHHIOI0 a0CTPaKIIHUIO
cMeHBI HHCTPYMeHTa. LinuxCNC ynpasisieT uHGopMaluei 06 *HCTPpyMeHTax B (atie TabIuIlsl HHCTPYMEHT

3.24.1 AOGCTpakuusa cMeHbl MHCTPpyMeHTa B LinuxCNC

LinuxCNC mogmepzKuBaeT OBa TUIIA allllapaTHHIX CPEICTB CMEHBI HHCTPYMEHTa, Ha3kIBaeMBIX Nonran-
dom u random. TlapameTp INI [EMCIOJRANDOM TOOLCHANGER onpenenser kKak LinuxCNC 6ygert
penmaTth K KaKOMY U3 3TUX TUIIOB O60pyn0BaHI/IH OH IIOOKJIFOYEH.

3.24.1.1 Hecny4yauHasa CMeHa MHCTPYMEHTa

YcTpouCcTBO aBTOMAaTUYECKOM CMEHBI UHCTPYMEHTAa BO3BpalllaeT KaXObIM UHCTPYMEHT B THE3[O, U3
KOTOPOTO OH OBLI ITIepBOHAYAIbHO B3AT.

I[TpuMepaMu HeCITy4aHOTO 000PyAOBaHUS IJII CMEHBI MHCTPYMEHTA ABIISIOTCS «pPyYHas» CMEeHa MHCTPYMEH
PEBOJIBBEPHBIE TOTOBKY TOKAPHBEIX CTAHKOB M PEEYHBIE YCTPOMCTBA CMEHBI MHCTPYMEHTA.

[Tpu HacTpOUiKe O HECJIy4alHOTr O yCTPOUCTBa CMeHEl HHCTpyMeHTa LinuxCNC He u3MeHseT HOMED
rHe3ma B ¢aiiyie TabIUIBI UHCTPYMEHTOB IIPU 3arpy3Ke U BHITPY3Ke MHCTPYMeHTOB. Buytpu Linux-
CNC, opu cMeHe MHCTpyMeHTa uHopManusa 00 MHCTPYMEHTe KONUPYETCS U3 MCXOOHOTO KapMaHa
TabGIHUIIEl THCTPYMEHTOB B KapMaH 0 (KOTOPBIM IPefCcTaBisieT IMIUHEb), 3aMeHs1s JII00y0 nHpopManmio
00 MHCTPYMEHTE, KOTOopas OblJla TaM paHee.

Note

B LinuxCNC, CKOH(pUrypmpoBaHHOM A/ HEC/ly4alHON CMEeHbl MHCTPYMeHTa, MHCTpyMeHT 0 (TO)
nMmeeT ocoboe 3HayeHne: «HeT UHCTpyMeHTa». TO MoXXeT He oTobpaxkaTbCa B halsie Tabauupbl
WHCTPYMEHTOB, U uaMmeHeHne Ha TO npuBegeT K ToMy, 4To LinuxCNC bypneT aymaTb, 4TO Yy Hero
MycTOW WNNHAOEND.

3.24.1.2 YcTpOWUCTBA CJZIy4ahHOWU 3aMeHbl MHCTPYMEHTa

YcTpoiCcTBO CliydaliHOM CMeHbl MHCTPYMEHTa MeHsIeT MHCTPYMEHT B MININHIe e (eCIU €CTh) Ha 3aIllPOLIeHHEIL
WHCTPYMEHT IIPU CMeHe MHCTPYMeHTa. TakuM o0pa3oM, KapMaH, B KOTOPOM HaXOOUTCS MHCTPYMEHT,
U3MEHSeTCs II0 Mepe TOro, Kak OH BCTaBJISIE€TCS B IINKWHIOEIb U BEIHUMAaETCS U3 HETO.

HpI/IMepOM OGOpy,E[OBaHI/IH CJ'Iy‘-I&ﬁHOFO YCTpOﬁCTBa CMEHEBI UHCTPYMEHTA SABJIAE€TCA YCTpOfICTBO CMEHBI
WHCTPYMEHTa KapPyCeJIbHOI'O THUIIa.

ITpu HacCTpOMKEe CIy4aWHOT'O YCTPOUCTBa CMeHHl MHCTpyMeHTa LinuxCNC MeHseT MecTaMU HOMEP
KapMaHa CTaporo ¥ HOBOT'O MHCTPYMEHTa B (¢atiyie TabIUIL MHCTPYMEHTOB ITPU 3aTPy3Ke UHCTPYMEHTOB.
BayTtpu LinuxCNC, npu cMeHe UHCTpyYMeHTa nHdpopMalus 06 UHCTPyMeHTEe NepPeCTaBIsI€TCA MeXKIY
MCXOOHBIM I'HE300M TaOIUIIEl MHCTPYMEHTOB U rHe300M 0 (KOTOpPOe IIPEeICTaBIseT INNUHAENE). TakKuM
006pa3oM, Iocjie CMeHE HHCTpyMeHTa KapMaH 0 B Tabnulle HHCTPYMEHTOB COIEPKUT HHPOPMAIuio 00
WHCTPYMEHTE [JIsT HOBOT'O MHCTPYMEHTA, a KapMaH, U3 KOTOPOT0 OHIJI IIOJIy4eH HOBBIM MHCTPYMEHT,
comepKUT MHPopMaIuio 06 MHCTPYMEHTE IJIT CTaporo MHCTPYMEHTa (MHCTPYMEHT, KOTOPHIM OINT B
HMITUHIEJEe 00 CMEHL UHCTPYMEHTA) €CJIU TaKOM eCTh.
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Note

Ecnnm LinuxCNC HacTpoeH Ha C/y4alHyl CMeHY WHCTpyMeHTa, MHCTpyMeHT 0 (TO) He unmeeT
cneunanbHoro 3HavyeHnsa. OH obpabaTbiBaeTCAa TOYHO TakK XKe, Kak 1 ftobon Apyron MHCTPYMEHT B
Tabnnue nHcTpymeHToB. O6bI4YHO TO ncnonb3yeTcs Ang o603HaYEHUSA «OTCYTCTBUA NHCTPYMEHTa»
(T. e. MHCTpyMmeHTa c HyneBbiM TLO), 4Tobbl Npn HeobXxoOMMOCTM WNUHAENb MOr BbITb yYA06HO
pasrpy>xeH.

3.24.2 Tabnuua MHCTPYMEHTOB

LinuxCNC oTcnexuBaeT UHCTPYMeHTH B (aiine tool table. B Tabnuie uHCTPYMEHTOB 3aMUCHBAETCS
cnenpyoomas “HGopMaUuus OJIsi KakXI0Tr0 HHCTPYMEHTa:

HOMeD HHCTPyYMEHTa
Llenoe 4nco, KOTOpoe OOHO3HAYHO UAEHTUDUIIUPYET 3TOT MHCTPYMEeHT. HoMepa HUHCTPYMEHTOB
obpabaTtriBatoTcs LinuxCNC mo-pa3HoMy IIPH HaCTPOMKE CIIy4aWHBIX U HECTTy4YalHBIX YCTPOUCTB
CMEHEBI UHCTPYMeEHTa:

* Korpa LinuxCNC HacTpoeH [Oji HeCIy4alHOT0 YCTPOMCTBA CMEHBI UHCTPYMEHTa, 9TO YHCIIO
OOJIXKHO OBITh MOJIOKUTENLHEIM. TO ITOABEpPraeTCs CreliaabHOM 00paboTKe U He MOXKET 0TOOPazKaThC
B Tabmnulle MHCTPYMEHTOB.

* Korpa LinuxCNC HacTpO€H OJisd CJIy94alHOT' 0 YCTPOMCTBa CMEHE MHCTPYMEHTA, 3TO YUCJIO HOJIZKHO
OBITHL HeoTpullaTebHBEIM. TO momyckaeTcs B Tabulle HHCTPYMEHTOB M OOBIYHO HCIIOTb3YEeTCS
o7t 0003HaYeHUs OTCYTCTBUS MHCTPYMEHTA, TO eCTh IyCTOr'0 KapMaHa.

HOMeEp ruesga
Tenoe unucno, uneHTUGUIUPYIOlee THE300 UK I1a3 B 000PyN0BaHUM YCTPONCTBA CMEHEI MHCTPYMEHTA,
B KOTOPOM HaxoguTcsa UHCTpyMeHT. HoMepa kapmaHoB o6pabaTtriBatoTcsa LinuxCNC no-pasHoMmy
IIPY HACTPOMKE CIIy4YaWHBIX M HECITyYaWHEIX YCTPOMCTB CMEHEI HHCTPYMEHTA:

* Korga LinuxCNC ckoHGUTypHpOBaH IJis HeCIIy4alHOT 0 YCTPOMCTBa CMEeHE UHCTPYMEeHTa, HOMep
THe3pa B ¢dalizie ”HCTPYMEeHTa MOXKeT OBbITh JIIOOBIM II0JI0KUTEIbHBIM IIeJIBIM YHC/IoM (sg4uelika 0
He gonyckaetcs). LinuxCNC Monua yIJIOTHSIET HOMepa rHe3[ IpHU 3arpy3kKe ¢aiia MHCTPYMEHTa,
II09TOMY MOXKeT OBITh Pa3HUIla MeKAy HOMepaMU rHe3[ B dalijie HHCTPyMeHTa U BHYTPEHHUMU
HOMepaMHu rae3sfi, ucrnonb3yeMeiMu LinuxCNC ¢ Hecsly4allHEIM yCTPOXCTBOM CMEHEI HHCTPYMEHTA.

* Korma LinuxCNC HacTpo€H I CIIy4alHOT0 YCTPOKMCTBA CMEHBI HHCTPYMEHTa, HoMepa KapMaHOB
B (hatine MHCTPYMEHTA OOJIZKHEI OLITh B muana3oHe oT 0 go 1000 BkmouuTenbHO. I'He3ma 1-1000
HaXOOsaTCS B YCTPOUCTBE CMEHBLI HHCTPYMeHTa, THe340 0 - 9TO MNUHAEe/b.

diameter
[InamMeTp MHCTPYMEHTA B eIUHUIIAX U3MEPEHUS CTaHKa.

CMelleHHue OJINHBI HHCTPYMEHTa
Koppeknus oiuHEI MHCTPyMeHTa (Takke Ha3biBaeMas TLO), mo 9 oceli, B eqUHUIIAX U3MEPEHUS
ctagka. OcH, y KOTOPHIX HeT yKa3aHHoro TLO, nmony4aor 0.

3.24.3 G-Kopabl, BAMSAIOLWLME HA UHCTPYMEHTbI

G-KOmBI, KOTOPBIE UCHOIL3YIOT UITH BIUSIOT Ha MHGOPMAIINI0 00 MHCTPYMEHTe:
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3.24.3.1 Txxx

YKkasniBaeT OGOPYJIOBaHI/IIO CMEHBI MHCTPYMEHTA IIOATOTOBUTLCSA K IIEPEKIIIOYEHUIO Ha YKa?:aHHbIﬁ HHCTPYMEI
XXX.

Oob6pabaTtriBaeTcs Interp::convert tool select().

1. CraHky nmpenjaraeTcs IOATOTOBUTLCS K IEPEKITIOYEHMIO Ha BEIOpPaHHBIM MHCTPYMEHT, ITyTEM BEI30Ba
Canon ¢yukumu SELECT TOOL() c HOMepoM 3amnpoIleHHOT0 MHCTPYMEHTA.

a. (saicanon) No-op.

b. (emccanon) Co3paet coobmenue EMC TOOL PREPARE c 3ampommeHHEIM HOMEPOM KapMaHa U
otmpasisieT ero B Task, koTopeii otupasisieT ero B 10. 10 mony4daeTr coolIieHre U IIPOCUT
HAL nogroToButh KapMaH, ycTaHoBuB iocontrol.0.tool-prep-pocket, iocontrol.0.tool-prep
u iocontrol.0.tool-prepare. 3artem IO moBTOpHO BHI3EIBaeT read tool inputs() mns
omnpoca BeiBoga HAL iocontrol.0.tool-prepared, KOTOphIY CUTHATU3UPYET OT 000PYIOBaHUSA
cMeHBI HHCTpyMeHTa Yyepe3 HAL IO, uTo 3ampolileHHas MOAroTOBKa MHCTPYMEHTa 3aBepilleHa.
Korpma sTot BeIBOZ cTaHoBUTCA True, IO ycTaHaBnuBaeT emcioStatus.tool.pocketPrepped
Ha HOMep KapMaHa 3allpPoIleHHOTr0 MHCTPYMEHTA.

2. BepuyBmmch B uHTepupeTanuio, settings->selected pocket npucBauBaeTcsa unpmekc tooldata
3alIPOIIEeHHOTr0 MHCTPYMEHTa XXX.

Note

YcTtapeswne wumeHa selected _pocket n current_pocket Ha camom pene ccbinalTCa Ha
nocnenoBaTesbHbIN MHAEKC AaHHbIX MHCTPYMEHTa ANA 3JIEMEHTOB WHCTPYMEHTa, 3arpy>XeHHbIX
n3 Tabnuubl nHCTpyMeHTOB ([EMCIO]TOOL TABLE) nnun 4epes 6a3y AaHHbIX MHCTpyMeHTOB ([EM-
ClIO]DB_PROGRAM).

3.24.3.2 M6

Coo01IaeT yCTPONUCTBY CMEHBI MHCTPYMEHTa MEePEeKII0UNTLC Ha TeKYIIUH BEIOPAHHBIA WHCTPYMEHT
(BEIOpAHHBIN IPEOBIAYIIel KOMaHOOH TXXX).

Oob6pabaTtriBaeTcs Interp::convert tool change().

1. CraHKy npefqjaraeTcs nepeiTu Ha BEIOpaHHBINM MHCTPYMEHT, TyTeM Bei3oBa Canon ¢pyukiuu CHANGE TO
c settings->selected pocket (MHOEKC MaHHBEIX UHCTPYMEHTA).

a. (saicanon) YcranaBnuBaet sai’'s _active slot B mepemaHHBIN HOMeDP KapMaHa. UHdopmatms
00 UHCTPYMEHTe KONMPYEeTCS U3 BEIOPAHHOT0 KapMaHa TabJIuIbl MHCTPYMEHTOB (T. €. u3 sai’s
_tools[ active slot]) ma mmuHpgens (oH Xke sai’'s _tools[0]).

b. (emccanon) Otnpasnset coobiienue EMC_TOOL LOAD B Task, koTopoe otmpasinsieT ero B IO.
10 ycranaBnuBaeT emcioStatus.tool.toolInSpindle Ha HOMep UHCTPYMEHTA B THE3[e, YKA3aHHO
emcioStatus.tool.pocketPrepped (ycTaHaBmuBaeTcs TXXX, TaK¥Ke U3BeCTHEIM Kak SELECT TOOL (
3aTeM OH 3ampalrmBaeT, YTOOL 000PyIOBaHNEe CMEHBI MHCTPYMEHTA BHITIOIHUIIO CMEHY HHCTPYMEH”
ycTtaHoBUB OJisgd KoHTakTa HAL iocontrol.0.tool-change 3uauenue True. [To3xe read tool inpt
10 o6HapyxwuT, uTo KOHTAaKT HAL iocontrol.0.tool changed 6winycTanoBmneH B True, yKka3riBas
Ha TO, YTO YCTPOMCTBO CMEHHI MHCTPYMEHTa 3aBEPIIMJIO CMeHy MHCTpyMeHTa. Korpa 3To
MIPOUCXOOUT, OH BEI3EIBaeT load tool() mms oOHOBIEHUS COCTOSHUSA CTaHKA.

i. load tool() c KoHpuUrypaumeu yCTpocTBa HeCIy4aHOM CMEHE UHCTPYMEHTa KOTIUPyeT
uHpopMaluio 06 UHCTPYMEHTe U3 BRIOpaHHOTO T'He3fa B IIMUHAENE (KapMaH 0).

ii. load tool() c koHpurypaume ycTpoicTBa CIIy4aliHOM CMEHBI MHCTPYMEHTa MEHSET
MecTaMu mHpopMaIuoo 00 UHCTPyMeHTe MexXny rHe3moM 0 (IImuHOenb) U BRIOPAHHBIM
THe37IOM, 3aTeM COXpaHseT TabIuily UHCTPYMEHTOB.
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2. BepHyBIHCH B UHTepInperaTop, settings->current pocket HasHadaeTcs HOBHIUM MHIOEKC tool-
datauz settings->selected pocket (ycranaBnuBaeTcs Txxx). COOTBETCTBYIOIIHNE IPOHYMEPOBaHHEIE
mapaMmeTprl (#5400-#5413) 06HOBNSIOTCS HOBOM mMHMoOpMaIlmei 00 MHCTPyMeHTe u3 rHesma 0
(mIOuHOoens).

3.24.3.3 G43/G43.1/G49

[TpruMeHUTH KOPPEKIUIO AMNHE UHCTpyMeHTa. G43 ucnonb3yeT TLO 3arpy>kKeHHOTO B JaHHLIA MOMEHT
WHCTPYMEHTa UK YKa3aHHOT'0 UHCTPYMeEHTa, ecinu H-cimoBo 3apmaHo B 651o0ke. G43.1 mony4daeT TLO us
oceBHIX CIIOB B O11oke. G49 ormenseT TLO (ucnomnb3dyeT 0 Ot CMeIIeHus OJIS BCeX 0Cel).

Oo6pabatriBaeTrcst Interp: :convert tool length offset().

1. O HaumHaeTcss co cbopku EmcPose, comepzkalllero Ojig HMCIONIb30BaHUS CMeEINEHUs 9-u ocew.
g G43.1 3T KOppeKIuy HHCTPyMeHTa 0epyTcs U3 CIOB ocedl B TeKyleM Kagpe. st G43 aTu
KOPPEKILINU UCXOOAT OT TEKYIIEro MHCTPYMeHTa (MHCTPYMEHT B rHe3me 0) UIu OT MHCTPYMEHTa,
yKazanHoro H-cimoBoMm B 6510ke. s G49 Bce cMereHust paBHH 0.

2. CmemeHnuda nepegatorcsa Canon ¢pyskiuy USE TOOL LENGTH OFFSET().

a. (saicanon) 3anuceiBaer TLO B _tool offset.

b. (emccanon) Co3gaet coobiierue EMC TRAJ SET OFFSET, comepailiiee CMeIeHUs, ¥ OTIIPABIISIET
ero B Task. Task konmupyet cmermenus B emcStatus->task.toolOffset u ormpaBnsieT ux B
Motion c momortnpio komangsl EMCMOT SET OFFSET. [IBuzKeHHe KONUPyeT CMelleHus B emcmotStatu
TIe OHO MCIIOJIb3YeTCs OJIs CMellleHUus Oymymux IepeMelleHu.

3. BepHYBIIUCEH B MHTEPIIPETALINIO, CMEIIEHUS 3alIUCHIBalOTCA B settings->tool offset. dddekTuBHOE
THe3[O 3aluckBaeTcs B settings->tool offset index, xoTs 3To 3HaYeHNe HUKOTa He UCII0JIb3YETCS

3.24.3.4 G10L1/L10/L11

HU3meHseT TaGNuUIly UHCTPYMEHTOB.

Oob6pabaTtriBaeTcst Interp::convert setup tool().

1. Picks the tool number out of the P-word in the block and finds the pocket for that tool:

a. With a nonrandom toolchanger config this is always the pocket number in the toolchanger
(even when the tool is in the spindle).

b. With a random toolchanger config, if the tool is currently loaded it uses pocket 0 (pocket
0 means “the spindle”), and if the tool is not loaded it uses the pocket number in the tool
changer. (This difference is important.)

2. Figures out what the new offsets should be.

3. The new tool information (diameter, offsets, angles, and orientation), along with the tool number
and pocket number, are passed to the Canon call SET TOOL TABLE ENTRY().

a. (saicanon) Copy the new tool information to the specified pocket (in sai’s internal tool table,
_tools).

b. (emccanon) Build an EMC TOOL SET OFFSET message with the new tool information, and send
it to Task, which passes it to I0. IO updates the specified pocket in its internal copy of the
tool table (emcioStatus.tool.toolTable), and if the specified tool is currently loaded (it is
compared to emcioStatus.tool.toolInSpindle) then the new tool information is copied to
pocket O (the spindle) as well. (FIXME: that’s a buglet, should only be copied on nonrandom
machines.) Finally IO saves the new tool table.




PykoBomctBo pa3paborumka V2.10.0~pre0~refs-pull-3173-merge~5171412bla, 09 Oct 2023 36/ 75

4. Back in interp, if the modified tool is currently loaded in the spindle, and if the machine is a
non-random toolchanger, then the new tool information is copied from the tool’s home pocket
to pocket 0 (the spindle) in interp’s copy of the tool table, settings->tool table. (This copy
is not needed on random tool changer machines because there, tools don’t have a home pocket
and instead we just updated the tool in pocket O directly.). The relevant numbered parameters
(#5400-#5413) are updated from the tool information in the spindle (by copying the information
from interp’s settings->tool table to settings->parameters). (FIXME: this is a buglet, the
params should only be updated if it was the current tool that was modified).

5. If the modified tool is currently loaded in the spindle, and if the config is for a nonrandom
toolchanger, then the new tool information is written to the tool table’s pocket 0 as well, via
a second call to SET TOOL TABLE ENTRY(). (This second tool-table update is not needed on
random toolchanger machines because there, tools don’t have a home pocket and instead we
just updated the tool in pocket 0 directly.)

3.24.3.5 Mé61

Set current tool number. This switches LinuxCNC'’s internal representation of which tool is in the
spindle, without actually moving the toolchanger or swapping any tools.

Oo6pabatriBaeTcs Interp::convert tool change().

Canon: CHANGE TOOL NUMBER()

settings->current pocket is assigned the tooldata index currently holding the tool specified by the
Q-word argument.

3.24.3.6 G41/G41.1/G42/G42.1

Enable cutter radius compensation (usually called cutter comp).
Handled by Interp::convert cutter compensation on().

No Canon call, cutter comp happens in the interpreter. Uses the tool table in the expected way: if
a D-word tool number is supplied it looks up the pocket number of the specified tool number in the
table, and if no D-word is supplied it uses pocket 0 (the spindle).

3.24.3.7 G40

Cancel cutter radius compensation.
Handled by Interp::convert cutter compensation off().

No Canon call, cutter comp happens in the interpreter. Does not use the tool table.

3.24.4 Internal state variables

This is not an exhaustive list! Tool information is spread through out LinuxCNC.

3.24.4.1 10

emcioStatus is of type EMC_IO STAT
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emcioStatus.tool.pocketPrepped
When IO gets the signal from HAL that the toolchanger prep is complete (after a Txxx command),
this variable is set to the pocket of the requested tool. When IO gets the signal from HAL that
the tool change itself is complete (after an M6 command), this variable gets reset to -1.

emcioStatus.tool.toolInSpindle
Tool number of the tool currently installed in the spindle. Exported on the HAL pin iocontrol.0.tool-r
(s32).

emcioStatus.tool.toolTable[]
An array of CANON TOOL TABLE structures, CANON POCKETS MAX long. Loaded from the tool table
file at startup and maintained there after. Index O is the spindle, indexes 1-(CANON POCKETS MAX-
1) are the pockets in the toolchanger. This is a complete copy of the tool information, maintained
separately from Interp’s settings.tool table.

3.24.4.2 interp

settingsis oftype settings, defined as struct setup structinsrc/emc/rs274ngc/interp internal.ht

settings.selected_pocket
Tooldata index of the tool most recently selected by Txxx.

settings.current_pocket
Original tooldata index of the tool currently in the spindle. In other words: which tooldata index
the tool that’s currently in the spindle was loaded from.

settings.tool_table[]
An array of tool information. The index into the array is the “pocket number” (aka ”slot number”).
Pocket 0 is the spindle, pockets 1 through (CANON POCKETS MAX-1) are the pockets of the
toolchanger.

settings.tool_offset_index
Unused. FIXME: Should probably be removed.

settings.toolchange flag
Interp sets this to true when calling Canon’s CHANGE TOOL() function. Itis checkedin Interp: :conve
to decide which tooldata index to use for G43 (with no H-word): settings->current pocket if
the tool change is still in progress, tooldata index O (the spindle) if the tool change is complete.

settings.random_toolchanger
Set from the INI variable [EMCIO]RANDOM TOOLCHANGER at startup. Controls various tool table
handling logic. (IO also reads this INI variable and changes its behavior based on it. For example,
when saving the tool table, random toolchanger save the tool in the spindle (pocket 0), but non-
random toolchanger save each tool in its “home pocket”.)

settings.tool_offset
This is an EmcPose variable.

¢ Used to compute position in various places.

* OtnpasnsieTcsa B Motion uepes coobmenue EMCMOT SET OFFSET. Bce, uTo IBUIKEHUe IelaeT CO
CMeIeHUSIMHU, — 3TO 3KCIIOPTUPYET ux Ha KOHTaKThl HAL motion.0.tooloffset. [xyzabcuvw].
FIXME: akCopTuUpPy#uTEe UX KyHa-HuOyop O1uzke K TabJuile HHCTPYMEHTOB (BEPOSITHO, i0 UIu
interp) u ymanute coobimenne EMCMOT SET OFFSET.

settings.pockets_max
Used interchangeably with CANON POCKETS MAX (a #defined constant, set to 1000 as of April
2020). FIXME: This settings variable is not currently useful and should probably be removed.
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settings.tool_table
This is an array of CANON_ TOOL TABLE structures (defined in src/emc/nml_intf/emctool.h), with
CANON POCKETS MAX entries. Indexed by “pocket number”, aka ”“slot number”. Index 0 is the spin-
dle, indexes 1 to (CANON POCKETS MAX-1) are the pockets in the tool changer. On a random
toolchanger pocket numbers are meaningful. On a nonrandom toolchanger pockets are meaning-
less; the pocket numbers in the tool table file are ignored and tools are assigned to tool table
slots sequentially.

settings.tool_change_at_g30, settings.tool_change_quill up, settings.tool_change _with_spindle

These are set from INI variables in the [EMCIO] section, and determine how tool changes are
performed.

3.25 Reckoning of joints and axes

3.25.1 In the status buffer

The status buffer is used by Task and the Uls.
FIXME: axis _mask and axes overspecify the number of axes

status.motion.traj.axis_mask
A bitmask with a ”1” for the axes that are present and a "0” for the axes that are not present.
X is bit 0 with value 2° = 1 if set, Y is bit 1 with value 2! = 2, Z is bit 2 with value 4, etc. For
example, a machine with X and Z axes would have an axis_mask of 0x5, an XYZ machine would
have 0x7, and an XYZB machine would have an axis mask of 0x17.

status.motion.traj.axes (removed)
This value was removed in LinuxCNC version 2.9. Use axis mask instead.

status.motion.traj.joints
A count of the number of joints the machine has. A normal lathe has 2 joints; one driving the X
axis and one driving the Z axis. An XYYZ gantry mill has 4 joints: one driving X, one driving one
side of the Y, one driving the other side of the Y, and one driving Z. An XYZA mill also has 4 joints.

status.motion.axis[EMCMOT_MAX_ AXIS]
An array of EMCMOT_MAX AXIS axis structures. axis[n] is valid if (axis mask & (1 << n)) is
True. If (axis mask & (1 << n)) is False, then axis[n] does not exist on this machine and
must be ignored.

status.motion.joint[EMCMOT_MAX_JOINTS]
An array of EMCMOT _MAX JOINTS joint structures. joint[0] through joint[joints-1] are valid,
the others do not exist on this machine and must be ignored.

Things are not this way currently in the joints-axes branch, but deviations from this design are consid-
ered bugs. For an example of such a bug, see the treatment of axes in src/emc/ini/initraj.cc:loadTraj().
There are undoubtedly more, and I need your help to find them and fix them.

3.25.2 In Motion

KoMIIoOHEHT peanbHOT0 BpeMEHU KOHTPOJIJIepa OBUKEHN S CHadasa I10Iy4aeT KOJITU4YeCTBO COeUHEeHUN
M3 I1apaMeTpa BpeMeHU 3arpy3Ku num_joints. 9To onpenenseT, CKOJILKO COUIEeHEHUN 3aCIyKUBAIOITHUX
KoHTakToB HAL OymeT co3maHO IIpu 3allyCKe.

Motion’s number of joints can be changed at runtime using the EMCMOT SET NUM JOINTS command
from Task.

KouTtposnnep geuxkenus Bcerga paboraet mo ocsim EMCMOT MAX AXIS. O Bcerga co3faeT OeBIThb
HaOOpPOB KOHTAKTOB axis.*.*,
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Chapter 4

CoobwieHna NML

Cnucok coobmenuit NML.
IMogpo6uocTu cmotpuTe B src/emc/nml_intf/emc.hh.

4.1 OPERATOR

EMC_OPERATOR ERROR_TYPE
EMC_OPERATOR TEXT TYPE
EMC_OPERATOR DISPLAY TYPE

4.2 JOINT

EMC_JOINT SET JOINT TYPE
EMC_JOINT SET UNITS TYPE

EMC_JOINT SET MIN POSITION LIMIT TYPE
EMC_JOINT SET MAX POSITION LIMIT TYPE
EMC_JOINT SET FERROR TYPE
EMC_JOINT SET HOMING PARAMS TYPE
EMC_JOINT SET MIN FERROR TYPE
EMC_JOINT SET MAX VELOCITY TYPE
EMC_JOINT INIT TYPE
EMC_JOINT HALT TYPE

EMC_JOINT ABORT TYPE

EMC_JOINT ENABLE TYPE

EMC_JOINT DISABLE TYPE

EMC_JOINT HOME_TYPE

EMC_JOINT ACTIVATE TYPE

EMC_JOINT DEACTIVATE TYPE

EMC_JOINT OVERRIDE LIMITS TYPE
EMC_JOINT LOAD COMP TYPE
EMC_JOINT SET BACKLASH TYPE

EMC_JOINT UNHOME TYPE
EMC_JOINT STAT TYPE

4.3 AXIS
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EMC_AXIS_STAT TYPE

4.4 JOG

EMC_JOG_CONT TYPE
EMC_JOG_INCR TYPE
EMC_JOG_ABS TYPE
EMC_JOG_STOP_TYPE

4.5 TRAJ

EMC_TRAJ_SET AXES_TYPE
EMC_TRAJ_SET UNITS TYPE
EMC_TRAJ SET CYCLE TIME TYPE
EMC_TRAJ_SET MODE_TYPE
EMC_TRAJ_SET VELOCITY TYPE
EMC_TRAJ SET ACCELERATION TYPE
EMC_TRAJ_SET MAX_VELOCITY_ TYPE
EMC_TRAJ SET MAX_ACCELERATION TYPE
EMC_TRAJ SET SCALE TYPE
EMC_TRAJ_SET RAPID SCALE_TYPE
EMC_TRAJ _SET MOTION ID TYPE
EMC_TRAJ INIT TYPE
EMC_TRAJ HALT TYPE
EMC_TRAJ_ENABLE_TYPE

EMC_TRAJ DISABLE TYPE
EMC_TRAJ_ABORT TYPE
EMC_TRAJ_PAUSE_TYPE
EMC_TRAJ STEP TYPE
EMC_TRAJ_RESUME_TYPE

EMC_TRAJ DELAY TYPE

EMC_TRAJ LINEAR MOVE TYPE
EMC_TRAJ CIRCULAR MOVE TYPE
EMC_TRAJ SET TERM_COND_TYPE
EMC_TRAJ SET OFFSET TYPE
EMC_TRAJ_SET G5X_TYPE
EMC_TRAJ_SET HOME_TYPE
EMC_TRAJ_SET ROTATION TYPE
EMC_TRAJ_SET G92 TYPE

EMC_TRAJ CLEAR PROBE_TRIPPED FLAG TYPE
EMC_TRAJ PROBE_TYPE
EMC_TRAJ_SET TELEOP ENABLE_TYPE
EMC_TRAJ SET SPINDLESYNC TYPE
EMC_TRAJ SET SPINDLE SCALE_TYPE
EMC_TRAJ SET FO ENABLE_TYPE
EMC_TRAJ SET SO ENABLE TYPE
EMC_TRAJ SET FH_ENABLE_TYPE
EMC_TRAJ _RIGID TAP_TYPE
EMC_TRAJ STAT TYPE

4.6 MOTION
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EMC_MOTION INIT TYPE
EMC_MOTION HALT TYPE
EMC_MOTION ABORT TYPE
EMC_MOTION SET AOUT TYPE
EMC_MOTION SET DOUT TYPE
EMC_MOTION ADAPTIVE TYPE
EMC_MOTION STAT TYPE

4.7 TASK

EMC_TASK INIT TYPE
EMC_TASK HALT TYPE
EMC_TASK_ABORT TYPE

EMC_TASK_SET MODE_TYPE
EMC_TASK SET STATE TYPE
EMC_TASK_PLAN_OPEN_TYPE
EMC_TASK_PLAN_RUN_TYPE
EMC_TASK PLAN READ TYPE
EMC_TASK_PLAN_EXECUTE TYPE
EMC_TASK_PLAN_PAUSE_TYPE
EMC_TASK_PLAN_STEP_TYPE
EMC_TASK_PLAN_RESUME_TYPE
EMC_TASK_PLAN_END_TYPE
EMC_TASK_PLAN_CLOSE_TYPE
EMC_TASK_PLAN_INIT TYPE
EMC_TASK_PLAN_SYNCH TYPE
EMC_TASK_PLAN_SET OPTIONAL STOP TYPE
EMC_TASK_PLAN_SET BLOCK_DELETE_TYPE
EMC_TASK_PLAN_OPTIONAL STOP TYPE
EMC_TASK_STAT TYPE

4.8 TOOL

EMC_TOOL_INIT TYPE
EMC_TOOL_HALT TYPE
EMC_TOOL_ABORT TYPE
EMC_TOOL_PREPARE TYPE
EMC_TOOL_LOAD TYPE
EMC_TOOL_UNLOAD TYPE
EMC_TOOL_LOAD TOOL TABLE TYPE
EMC_TOOL_SET OFFSET TYPE
EMC_TOOL_SET NUMBER_TYPE
EMC_TOOL_START CHANGE TYPE
EMC_TOOL_STAT TYPE

4.9 AUX

EMC_AUX_ESTOP_ON_TYPE
EMC_AUX_ESTOP_OFF TYPE
EMC_AUX_ESTOP_RESET TYPE
EMC_AUX_INPUT WAIT TYPE
EMC_AUX_STAT TYPE
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4.10 SPINDLE

EMC_SPINDLE_ON_TYPE
EMC_SPINDLE_OFF TYPE
EMC_SPINDLE_INCREASE TYPE
EMC_SPINDLE DECREASE TYPE
EMC_SPINDLE_CONSTANT TYPE
EMC_SPINDLE BRAKE RELEASE TYPE
EMC_SPINDLE_BRAKE ENGAGE_TYPE
EMC_SPINDLE_SPEED TYPE
EMC_SPINDLE ORIENT TYPE
EMC_SPINDLE WAIT ORIENT COMPLETE TYPE
EMC_SPINDLE_STAT TYPE

4.11 COOLANT

EMC_COOLANT MIST ON_TYPE
EMC_COOLANT MIST OFF TYPE
EMC_COOLANT FLOOD ON_TYPE
EMC_COOLANT FLOOD OFF TYPE
EMC_COOLANT STAT TYPE

4.12 LUBE

EMC_LUBE_ON_TYPE
EMC_LUBE_OFF_TYPE
EMC_LUBE_STAT TYPE

4.13 10 (Input/Output)

EMC_IO INIT TYPE

EMC_I0 HALT TYPE

EMC_IO ABORT TYPE

EMC_IO SET CYCLE TIME TYPE
EMC_I0 STAT TYPE

EMC_IO PLUGIN CALL TYPE

4.14 [Opyrue

EMC_NULL_TYPE

EMC_SET DEBUG_TYPE
EMC_SYSTEM CMD_TYPE
EMC_INIT TYPE

EMC_HALT TYPE

EMC_ABORT TYPE

EMC_STAT TYPE
EMC_EXEC_PLUGIN CALL TYPE
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Chapter 5

CTunb KogupoBaHusa

B 3TO# rnaBe oMUCHBAETCSA CTUJIbL UCXOOHOTO KOJa, IPenIoYrTaeMblii KOMaHAoM pa3paboTynkoB Lin-
uxCNC.

5.1 He HaBpeamu

ITpu BHeCceHUU HEOOIBINNX U3MEHEHUN B KO B CTUJIE, OTJIMYHOM OT OITMCAHHOTO HUXKEe, COOIomanTe
MECTHBIY CTHUIb KOOUPOBaHUs. BEICTPHIE TEPEXOALI OT OOHOTO CTUISA KOOUPOBaAHUS K APYTOMY YXYOIIal0T
yuTabeJIbHOCTDL KOJa.

Hukorma He mpoBepsIHiTe KO IIOCIEe BEIIIOTHEHU S HaJl HUM «OTCTyna». Mi3aMeHeHus mpo6esioB, BHECEHHEBIE
OTCTYIIOM, 3aTPYOHSIOT OTCIeXMBaHNe HCTOPUM U3MeHeHu (aiina.

He ucnions3yiiTe peqakTop, KOTOPLIM BHOCUT HEHYKHBIE U3MEHEHUS B TPOOesIbHBEIE CUMBOJIH (HAallpuUMep,
3aMeHseT 8 Ipo6enoB TabyIATOPOM Ha CTPOKe, He U3MeHEHHOM UHEIM 00pa30oM, U TIEPEHOCUT CTPOKH,
He U3MeHeHHbIe UHEIM 00pa3oMm).

5.2 Tabynsatopbl

Tabymnsiust Bcera COOTBETCTBYET 8 mpobeaM. He mUIMTEe KOM, KOTOPHIM MTPaBUILHO 0TOOpaXkaeTcs
TOJIPKO C AIPYTUM 3HAYEHUEM TTOIULUU TaOYIALINH.

5.3 OTcTyn

Hcnonb3yiiTe 4 mpobera Ha ypoBeHb oTcTyna. O6benuHeHMe 8 mpoOesioB B OOUH TaOyIITOP HOIYCTHUMO,
HO He 0053aTesbHO.

5.4 Pa3mMmeLleHue ckobok

IToMecTHuTE OTKPHIBAIOIYIO GUTYPHYIO CKOOKY ITOCJIEIHEN B CTPOKE U ITOCTaBbhTE 3aKPHIBAIONIYI0 GUTYPHYIO
CKOOKY TIepBOI:
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if (x) {
// bl lcbl 'b,’D.b,’b"eb’,b,’ﬂb"b’,ab’,b,’Tb' lblrbbll bl !qbllbll.rbllbrlobll_bl lTbl rbl P
robll b”ﬂb”b”Ob”b"JJ.b"b"Xb"b"Ob"b”ﬂb”b”ﬂb”b”lﬂ.b"b”eb”b”eb”

3akphiBaromasn GurypHas CKobka HaXOOUTCS Ha OTHEeNIbHON CTPOKe, 3a UCKII0YeHNeM CllydyaeB, Korga
3a Hell ciefyeT IPONOIKEHUE TOrO XKe oIleparopa, T. e. «while» B do-omepartope unu «else» B if-
oImeparTope , HalIpuMep :

do {
// blIqbllbll.rbllbllobll_blITbIIbllobll bIIBbIIbIIabIIbII)KbIIbIIHbIIbIIobIIbIIebll
} while (x > 0);

nu

if (x ==y) {
// b"Hb"b"eb"b"ﬂb"b"ab"b"Tb"b"bb" b"ob"b"nb"b"Hb"b"Ob"
} else if (x <vy) {
// blIﬂblIbl’ebllbllnbllbllabllblITbIIbI’beI b”ﬂb’,b"pb"b”yb,’b"rb”b”ob”b’ <_’

lebll
} else {
// b’'gb’’'b’’eb’’'b’'nb’'b’"ab’ b’ "th’'b’'bb’’ b’'Tb’'b’’pb’’b’’eb’’b’"Tb’’b’'bb’’'b’ +
lebll
}

Takoe pa3MellieHre PUTYPHLIX CKOOOK TaK:Ke MUHUMHU3UPYET KOJTUUYECTBO IIYCTHIX (MJIH HOYTH HYCTHIX)
CTPOK, YTO IO3BOJISIET OMHOBPEMEHHO 0TOOpaxkaTh Gosbllliee KOIUYECTBO KOMa UIM KOMMEHTapHUeB B
TepMuHaie GUKCHPOBAHHOI'O pa3Mepa.

5.5 NMeHOBaHue

C — cmapTaHCKUM SI3BIK, ¥ TAKUM K€ OOJI?KHO OBITH Ballle UMEeHOBaHUEe. B oT/IHYMe OT IPOrpaMMUCTOB
Modula-2 u Pascal, nporpammuctsl C He UCIOJIL3YIOT MUJIbIe MMeHa, Takue Kak ThisVariableIsATem-
poraryCounter. ITporpammucT Ha C Ha3Baj Ov 3Ty IIEPEMEHHYIO tmp, YTO HAMHOTO IIPOIIe HaIlucaTh
U He B [IOCJIEOHIOI0 04Yepenb CIIOKHEee IIOHATE.

OpgHako omucaTesbHBIE UMeHa [y T1o0ajlbHBIX IepeMeHHBX 00s3aTenbHbl. Ha3BaTh IriobabHYI0
dyukuuio «foo» — 3TO MpecTyIneHue.

T'JIOBAJIBHBIE nepemMeHHEbIe (MCIIOIb3YIOTCS TOJIBKO B TOM CJIy4Yae, eCIIH OHU IeMCTBUTEIbHO HYXKHEI)
OOJIZKHBI UMETHh OIIMCaTeJIbHbIe UMEHAa, KaK 1 rIo0aybHbIEe be'HKI_[I/II/I Ecnu Y Bac €CThb (I)YHKI_II/IH, KOTOpasd
IIOACYMTHIBAET KOJIMYECTBO aKTUBHBIX IT0JIb30BaTEJIeN, BEI HOIXKHEL Ha3BaTh 9TO count active users()
WU aHAJIOTUYHO, Bbl He NOJIKHEI Ha3kIBaTh ee cntusr()

KomupoBanue Tuna QyHKIMYU B UMeHH (TaK Ha3bklBaeMasi BEHIrepcKasi HOTallusi) — 9TO MO3T0BOM KOCSK
— KOMIIMJIATOP M TaK 3HaeT TUNE ¥ MOXKET UX IIPOBEPUTH, & 9TO TOJIBKO IyTaeT NPOrpaMMUCTA.
HeynusutensHO, 4TO Microsoft genaeT riioYHble IPOTPaMMEL.

HNmena JIOKAJIBHBIX nepeMeHHBIX OOMXKHEI OBITH KOPOTKUMU U TOYHBEIMU. ECJIM ¥ Bac eCTh CYETUYUK
LIMKJIOB CO CIyYalHBIMU LIEJILIMU UM CJIaMU, er0, BEPOSITHO, CJIeIyeT Ha3BaTh «i». Ha3wBaTh ero loop counter
HENPOOYKTUBHO, €CJIX HET IIIAHCOB, YTO €T0 HEIPAaBUJIFHO HOUMYT. TOYHO Tak ke «tmp» MOXKeT OBITh
IepeMeHHOU NTI000T0 TUIIa, KOTOPAas UCIIOIL3YeTCS OIS XpaHeHUsI BpeMeHHOr 0 3HaUYeHU .

Ecnu Bel G0MTECh MepenyTaTh HMeHa JIOKAJIbLHEIX IIePeMEeHHBIX, Y Bac eCTh Apyras nmpobiemMa, KoTopas
Ha3bkIBAETCSI CHHOPOMOM auchasaHca QyHKUMU-TOPMOHA-pocTa. CM. CledyIollyio TIaBy.
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5.6 DYyHKUMUMU

OYHKIIUY OOJI2KHBI OBITH KOPOTKUMHU U ITPUSITHREIMHU, U IIe1aTh TOJILKO OOHY Belllb. OHU OOJIXKHBI YMeIllaThCs
Ha OOHOM HJIM [IBYX 9KpaHax TeKCTa (KakK MbI BCce 3HaeM, pa3Mep 3kpaHa ISO/ANSI coctaBnsieT 80x24)
U OeJiaTh OJHY Bellb, U AeJiaTh 9TO XOPOIIIO.

MaxkcuMasnbHas qjiMHa QyHKIIUY 00paTHO IPOIIOPIIMOHAJIbHA CJI0KHOCTHY U YPOBHIO OTCTYIIA 3TOM (QYHKIINH.
Takum oOpa3oM, ecii¥ ¥ BaC eCTh KOHIUENTyalbHO IIpocTast GyHKIUs, IpeacTaBisoonas co6oil Bcero
JIVIIL OOWH OJIMHHEBIN (HO IPOCTOM) case-oIepaTop, B KOTOPOM BaM HYXKHO [ejlaTb MHOXKECTBO MeJIKUX
OEeNCTBUU OJIs1 MHOXKECTBa Pa3HHIX CIIyYaeB, MOXKHO MCII0JIb30BaTh 00jiee IIIMHHYIO QYHKIUIO.

OnHakKo, eciy ¥ Bac eCTh CII0XKHas QYHKITHS, U BHI IOT03pEBaeTe, YTO MeHee OJlapeHHbIH IePBOKYPCHUK
MOXKEeT fake He MOHWMAaTh, 0 YeM 3Ta QyHKIMs, BaM cJiegyeT ele 0omee CTPOTO TMPUOEPKUBATHCS
MaKCHUMaJIbHBIX OTPaHUYeHW. MComb3yiTe BCIOMOTaTeTbHbIe (PYHKLIMY C OMHUCATETbHBIMU UMEHAaMU
(BBI MOKETe MOMPOCUTH KOMIUJIITOP BCTPOuTh ux (in-line), ecnu cumTaeTe, YTO 3TO KPUTUYHO I
IIPOM3BOAUTEILHOCTH, U OH, BEPOSITHO, CIIPABUTCS C 3TOM 3afadeil JIydllle, YeM BEI).

IIpyro# Mepo¥t GyHKIIUYM IBASETCS KOJIMYECTBO JIOKAILHEIX IIEPEMEHHBIX. MIX He [OIKHO OBITH OOJIbIIIE
5-10, nHaYe BH YTO-TO JeaeTe He TakK. [lepeocMeiciuTe GYHKIIUIO U Pa3OeNiuTe ee Ha 0oee MenKue
yacTu. YesoBedeCKUM MO3T OOBIYHO MOXKET JIETKO OTCJIEKMBATh OKOJIO 7 pa3HLIX Belllei, eciu OOJIbIIIE,
TO OH 3amyTaeTcsA. BBl 3HaeTe, YTO BBl Te€HHAJIbHBI, HO, BO3MOXHO, BBl XOTeIU ObI IOHSTH, UTO BHI
coerany 4epe3 2 HeOeu.

5.7 KoMMeHTMpOBaHue

KoMMeHTapuu — 5TO XOPOIIO, HO CYIIECTBYET OIIaCHOCTh UX Ype3MepHOro KomMmeHtuposanusa. HUKOI'TTA
He IBITalTeCch 00BACHUTEL B KoMMeHTapuu, KAK paGoTaeT Bai Kof: ropa3fo Jydllle HallucaTh KO Tak,
yTOOHI paboTa 6blla oUeBUAHA, a OOBSICHATH IIJI0X0 HAaTMCAHHBIM KO — IIyCTasl TpaTa BPEeMEeHMU.

Kak mpaBuio, BEI XOTUTE, YTOORI BaIlllm KomMeHTapuu coobimanu, YTO memaeT Bai Kom, a He KAK.
KoMMeHTapuii B paMKe C onucaHueM QYHKIIMY, BO3BpalllaeMOoro 3Ha4eHHUs U TOTO, KTO €€ BHI3LIBAET,
IIoMeIllaeTCs Hall TeJIoM — 3TO Xopoino. Kpome Toro, crapaiiTech u3beratsh pa3MeIeHuss KOMMEeHTapueB
BHYTPHU Tena QyHKIIUU: eCIi PYHKIIMSI HaCTOJILKO CII0XKHA, YTO BaM HY2KHO OTHeJIhHO KOMMEHTHUPOBATh

ee 4aCTH, BaM, BEpPOSTHO, CIedyeT ellle pa3 lepeduTaTh pa3men «DPyHrumm». Bl MoXkeTe genaThb
HeOOJIbIII e KOMMEHTaPUM, YTOOB OTMETUTH UJIH IPEAYIIPEIUTD O YEM-TO 0COOEHHO YMHOM (MM HEKPACUBOM
HO CTapadTech u30eraTh U3MHUIIECTB. BMECTO 3TOro moMecTHTe KOMMEHTAapuu B Hadajle QYHKIIUH,
paccka3biBas JIIOOSAM, UYTO OHa AenaeT U, Bo3MoxkHO, [IOYEMY oHa 3TO memnaer.

Ecnu ncnons3yroTcsa KOMMeHTapuu Tulia /* Fix me */, moxkanyiicra, CKaxXUTe, I04eMy YTO-TO HyKHO
HCIIPaBUTh. ECIM B 3aTPOHYTYIO YaCTh Kofa ObII0 BHECEHO U3MeHeHue, b0 yaanute KOMMeHTapui,
00 U3MEHUTe ero, YToOBl YKa3aTh, UYTO U3MeHeHUe OBIJI0 BHECEHO U TpeOyeT TeCTUPOBAHUS.

5.8 Ckpuntbl 0005104ku n cpannsl Makefile

He y Bcex ycTaHOBIEHB OOMHAKOBBIE MHCTPYMEHTHI U ITaKeTH. HeKOoTophle II0A¥ UCIONB3YIOT Vi,
opyrue emacs. HekoToprie gaxke n36eraiT YCTaHOBKHY II000T0 ITaKeTa, IPENIIouYnuTas JIETKUN TeKCTOBBIN
penakTop, TakKOM Kak nano uiau BCcTpoeHHHN B Midnight Commander.

gawk mpotuB mawk. Onarh XKe, He y Bcex OymeT ycTaHOBIeH gawk, mawk moutu B gecsaTh pas
MEHBbIIe [0 Pa3sMepPy U IPHU 3TOM COOTBeTCTByeT cTaHmapTy POSIX AWK. Ecnu TpebyeTcsi KaKasi-TO
HETIOHSATHAas KOMaH[a, crienupuyHas o1 gawk, KOTOPyI0 mawk He MPeJoCTaBiIsieT, TO Y HEKOTOPBIX
MoIb30BaTeel CKpUNT He paboTaeT. To Ke camMoe OTHOCUTCS ¥ K mawk. Kopode roBopsi, UCIIOJIL3yiiTe
o01muit BEI30B awk BMecTo gawk mim mawk.
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5.9 CornaweHus C++

O6cyxkmeHue cTuiied nporpaMmmupoBanus C++ Bcerma 3aKaHYMBAIOTCS XKapKuMu gedataMu (YTO-TO
BpOfie CIIOPOB MexkAy emacs u vi). OgHO MOXKHO CKa3aTh HaBEepPHSIKA: OOIIUNW CTUITh, UCIIOIb3yEeMBbIH
BCeMH, KTO paboTaeT Hall IIPOEKTOM, IPUBOAUT K eOUHOOOpa3HOMY U yOOoO0YMTaeMOMY KOmy.

Cornamenus 00 UMeHax: KOHCTaHTHI U3 #define unu enumerations mOIXKHEI OBITE B BEDXHEM PETUCTPE.
O6ocHoBaHUe: yIpolaeT o0HapyKeHue KOHCTAHT B MOMEHT KOMITUJISIIIMY B UICXOOHOM KOfie, HallpuMep,
EMC MESSAGE TYPE.

Classes 1 Namespaces [OIXKHBI HCIIOIb30BaTh NEePBYI0 OYKBY KaXKaOT0 CJIOBAa C 3arjlaBHOM OYKBBI B
n3berath nmomdepkuBaHusi. O6OocHoBaHue: HpmeHTHUIMPYIOT classes, constructors u destructors,
HanpuMmep, GtkWidget.

MeTogns! (unu nMeHa QyHKIMI) OOJIKHBI COOTBETCTBOBATh IPUBEAEHHLIM BhHIIIIe peKoMeHOanusaMm C u
He OOJIKHBI BKJIIOYATh UMs Knacca. OO0CHOBaHME: MOOAEPKUBAET OOIINYM CTUIIL OJISI MCXOTHBIX KOTOB
C u C++, manpumep, get foo bar().

OmHaKo JIOTUYEeCKHEe METOOHI JIerye YUTaTh, €CIIU OHU U30eraroT CUMBOJIOB IIOTYEPKUBAHUS ¥ UCIIOTB3YIOT
npeduKc «is» (He IyTaTh C METOAMH, KOTOPbIe MAHUITYIUPYIOT IOTUYECKUMHU 3HaUeHusIM1). OG0CHOBaHUE:
HpenTtudunupyer Bo3BpamaeMoe 3HaueHue Kak TRUE unu FALSE u Hudero 6oJjbllle, HaIpuMep,
isOpen, isHomed.

HE ucnomns3ylite Not B 1OTUYeCKOM UMEHH, 9TO IPUBOOUT TOILKO K ITyTaHUIIE IIPY BEIIIOTHEHUY JIOTUYECKUX
TecToB, Hanpumep, isNotOnLimit unu is not on limit - ato ITJIOXO.

B uMeHax nepeMeHHBIX clienyeT n30eraTh UCII0JIb30BaHM S BEPXHET 0 PerucTpa U CUMBOJIOB IIOqUYePKUBaHUS,
3a UCKJIIOUEeHWEM JIOKAJTbHBIX MJIM YaCTHBIX UMeH. ClefyeT 1o BO3MOXKHOCTH U30eraTh UCTI0JIb30BAHU S
rnobanbHbIX TepeMeHHBIX. OOGOCHOBaHUE: Pa3bSICHSET, KaKue U3 HUX SBJIAIOTCHA MEePEMEHHBIMU, a
Kakue MeTomamu. OOLemOCTYyIHEIN: HanpuMep, axislimit Private: sanpumep, maxvelocity .

5.9.1 KoHKpeTHble corsawieHua o6 mmeHoBaHUM MeTOn0B

TepMmuHHb get u set cegyeT uCnomb30BaTh TaM, THE OOCTYI K aTPUOYTY OCYIIECTBISIETCS HATIPSIMYIO.
O6ocHOBaHUeE: yKa3bIBaeT Ha3dHaueHWe GyHKINY WM MeToda, Hampumep, get foo set bar.

[I71s1 MEeTOIOB, UCIOJIL3YIOIINX JIOTUYEeCKUe aTPUOyTH, TPEeAIoUYTUTENLHEE UCTI0Tb30BaTh set & reset.
Ob6ocHOBaHMe: KaK yKa3aHO BHIIIIE. HAaTpuMep set amp enable reset amp fault

MeTonOnl MHTEHCUBHO UCIIONIb3YIONUINE BEIYNCIEHN TOIXKHEI ICII0JIb30BaTh compute B KauecTBe npedukca.
O6GocHOBaHUE: [TOKA3BIBAET, YTO 3TO TPeOyeT OOJBINNX BEIYUCIUTEILHEIX PECYPCOB 1 3arpyxaet LIT1.
HanpuMep compute PID

ITo BO3MOKHOCTH CciieqyeT n3beraTh COKpaIlleHNH B UMeHaX. MCKITI0UYeHne COCTABIISIOT UMEeHa JTIOKaJIbHBIX
nmepeMeHHbIX. OO0CHOBaHME: ICHOCTE KOfa. HaIPUMEDP pointer mpedmodyTUTENbHEE, YeM ptr, compute
IpenuoyTUTEJIbHEE, YEeM CMp, compare CHOBa IIPEefNIOYTUTEJIbHEE, YEM CMpP.

Enumerates u gpyrue KOHCTaHTH MOTYT UMETH ITpedUKC 06I111eT0 UMEeHU TUuIla, Hanpumep, enum COLOR
{ COLOR RED, COLOR BLUE };.

Crnenyet u3berath Ype3MepHOT0 UCII0JIb30BAHUSI MAKPOCOB U oIlpefieieHn. IIpeAnoYyTUTeIbHO UCII0Ib30Ba
MPOCTEIe MeTOAw uu QyHKuru. O60CHOBaHME: YIYYIIAeT MPOIECC OTIagKH.

darinel 3aronoBkoB Include Statements momKHEI OBITH BKIIIOUEHHI B Hadaslo UCXOOHOTO ¢alina, a He
pa3bpocaHE 1o BceMy TeKCTy. OHU OOIXKHEBI OBITh OTCOPTUPOBAHEI ¥ CTPYIIIUPOBAHEI IT0 UX HEPAPXUIECKOMY
IIOJIOKEHUI0 B CUCTEMe, IIPU 5TOM (Galbl HU3KOT0 YPOBHS NOJKHEI BKIIOYAThCSA B IIEPBYIO OYepPEDD.
Brmroyaemsie yTH K ¢ariimam HUKOT [TA He momKHBI OBITH aOGCOMTIOTHEIMU. BMECTO 3TOT'0 MCIIOJIL3YHUTE

¢mar xomnunaTopa -I, 4ToOB pacIMpPUTh MyTh noucka. OG0OCHOBaHUE: 3aroJjIOBKU MOTYT OBITH HE B
OOHOM U TOM K€ MeCTe BO BCEX CUCTeMax.

YKazaTenu U CCHIJIKU OOJIKHBEI UMETh CUMBOJI CCHIJIKM PSIIOM C UMEHEeM IIepeMeHHOH, a He C UMeHeM
Tuna. O60CHOBaHUE: YMeHbIIaeT IyTaHuny, HanpuMmep, float *x umm int &1.
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HesaBurbie IIPOBEPKHU HYJIA HE JOJIZKHEI UCITOJIb30BATHCA, 3a UCKIIIOYEHHUEM 6y’J'IeBbIX IIEPEMEHHEIX, HAIIPDUMED,
if (spindle speed != 0) HE if (spindle speed).

B koHCTpyKIMio for() momXKHB OLITH BKJIIOUEHHB! TOJILKO OMEPaTOPRl YIPABJIEHUS I[IUKJIOM, HalpUMED,
sum = 0; for (i=0; i<10; i++) { sum += value[il]; }
HE: for (i=0, sum=0; i<10; i++) sum += valuel[il];.

TouyHO Tak XkKe cienyeT u30eraTh UCIIOIHSIEMBIX OIIEPATOPOB B YCIIOBHEIX OllepaTopax, HampuMmep, if
(fd = open(file name) HeBepHHIH.

CnenyeT u36eraTh CIIOKHBIX YCIIOBHEIX OTIEPATOPOB. BMECTO 5TOT0 UCIIONIE3yHTE BpEMEHHBIE JIOTUYECKUe
IIepeMeHHEIe.

CKOOKY [IOIKHBI UCIIOIb30BaThCsI B MAaTEMaTHYECKHUX BEIPAazKEeHUIX B O0IBIIOM KonuuecTBe. He mosytaraitect
Ha IIPUOPHUTET OIEPaTOPOB, KOTfa JUIITHNE CKOOKH MOT'YT IIPOSICHUTH CUTYAITHIO.

HmMeHa ¢aiiyioB: UCXOOHUKHU M 3arojioBKu C++ HCHONL3yIOT pacmuperHus .cc u .hh. Mcnonbp3oBaHue
.c u .h 3apesepBupoBaHO Ans npoctoro C. 3arojioBKU IpefHa3Ha4deHHl OJIg 00BLSIBIEHUMN KIIACCOB,
MEeTOMOB U CTPYKTYD, a He A1 Kofa (eciu TOJIbKO GYHKINY He OObSBIEHE BCTPOEHHBIMHU).

5.10 CraHpapTtbl KogupoBaHua Python

HUcnonbaytiTe ctunb PEP 8 mnsa koga Python.

5.11 CraHpapTbl KOOUPOBaHUA .cOmp

B wactu o6bsaBNIeHU (aiina .comp Kaxaoe 00bABIeHNe HaUNHAETCs C IepBoro cTonbua. BeTapmsiiTe
OOIIOJTHUTEIbHEIE IIyCThIE CTPOKH, KOTHa OHU IIOMOTal0T CIPYIIIMPOBATh CBI3aHHBIE 3JIEMEHTHI.

In the code portion of a .comp file, follow normal C coding style.



https://www.python.org/dev/peps/pep-0008/
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Chapter 6

Coopka LinuxCNC

6.1 BBepeHue

B 9TOM mOKyMEHTE OIMHCHIBAETCS, KakK coOpaTh mporpaMMmHuoe obecnedenne LinuxCNC 1“3 uCXOOHOTO
KoJa. OTO B MEPBYIO OYepenb MOJIE3HO, eClIM BH pal3paboTumk, mogudunupyomui LinuxCNC. 3Tto
Tak’ke MOKeT OBITh II0JIE3HO, ECJIU BHI ABJISIETECH II0JIb30BATEIEM, TECTUPYIOIINM BETKH Pa3paboTYUKOB,
XOTSI B 3TOM CJIy4dae y Bac Tak¥Xe eCTbhb BO3MOXKHOCTBL IIPOCTO YCTAHOBUTH MmakeTH Debian u3 buildbot
(http://buildbot.linuxcnc.org) unm Kak oObIYHBIM akeT u3 Batlero Juctpubytus Linux (https://tracker.debiar
pkg/linuxcnc). Crnenyet nIpu3HaTh, YTO 9TOT Pa3fdell TaKXKe CyIlecTByeT, MOCKoNbKy LinuxCNC — sTo
paboTa coobI1ecTBa, ¥ BaM IpeaiaraeTcs BHECTH CBOM BKiaz B pa3BuTtue LinuxCNC. Kak mpaBHuiIo, BB
xoTuTe ckoMnunmpoBaTh LinuxCNC caMOCTOSTENIbHO OIS HEMEOJIEeHHOT0 (YHKIITMOHAJIbHOTO JOCTyIla

* Kk HOBOM pa3paboTke LinuxCNC unu * HoBas pa3paboTKa Bbl BO3MOXKHO XOTUTE BHECTH BKJan B Lin-
uxCNC unm nomMo4b OPYTUM 3aBEPIIUTEH €T0.

Hampuwmep, Bel MokeTe ntepeHocuTh LinuxCNC Ha KaKOH-TO HOBHIM OUCTPUOYTHB Linux uiau, 4TO 4acTo
ObIBaeT, pa3paboTYuK pearupyeT Ha Balll OTYET O IIpobieMe, NCIIPaBIeHHNE KOTOPOU BBl XOTUTE ITPOTECTUPOBS
Jlio6oe Takoe m3MeHeHue He yBuUmuMT buildbot, KoTOpwII MOTr OB ITOMOYBL, MM 3Ta IIOMOIIL OyAeT
OTJIOXKEHAa, 0KU[as Ybero-To 0030pa, KOTOPOTO BH He XOTUTE XKIOAaTh, UJIM Bbl €UHCTBEHHEIN YeJIOBEK

C oIpeneeHHBIM 000pYIOBaHUEM [JII TECTUPOBAHUS KOfa.

I[TomMuMoO mporpaMM, yIpaBiIsAOIINX BalllUM KOMIILBIOTEPOM U CO3TaHHEIX Ha OCHOBE UCXOOHOTO OEePEeBa,
BHI TaKJKe MOXKeTe co3maBaTh Te ke daiinel PDF u/unu HTML, KoTophle Bbl, BEPOSITHO, BCTpedalu B
ceTu o agpecy https://linuxcnc.org/documents/.

Ecnu BeI x0THTE BHECTHU CBOM BKJamd B LinuxCNC, HO He yBepeHBbBI, C YeTO HaYaTh, ITI0XKAIyHCTa, CEPhe3HO
paccMoTpuTe BO3MOXKHOCTh BHECEHUS BKIalla B MOKyMeHTaluo0. KaxXabiii Bcerqa HaXOOgUT YTO-TO, YTO
MOZKHO YJIYUIIUTD - U €CJIX BhI ITpocTo ocTaBuTe "FIXME: with a comment” B TeKCTe B Ka4eCTBE CCHIJIKU

OJIsd cebsa u OPYTHX, YTOOBI BEPHYTHCA K Pa3elly Io32Ke. KpOMe TOr'o, IIepeBOabl Ha A3BIKH, OTIINYHEIE

OT aHTJIMMCKOT'0, CKOP€Eee BCETO, BHIUTPAIOT OT BAIlleTro IPHUCTAIbHOI0 BHMMaHuA Ha https://hosted.weblate.or
projects/linuxcnc/ .

6.2 CkaduBaHue pepeBa UCXOOHUKOB

Pemosutopuii git mpoekTta LinuxCNC HaxomuTcs 1o ampecy https://github.com/LinuxCNC/linuxcnc.
GitHub — monynsipHEBEIM CepBUC XOCTUHTA (it ¥ calT Ajst oOMeHa KOIOM.

15 momy4yeHus UCXOOHOTO JiepeBa y Bac eCTh ABa BapHUaHTa:

CkayaTh apxuB
Ha crpanunue npoekta LinuxCNC B GitHub HaliguTe cChIIKY Ha “penu3bl” win “Teru”, MEIKHUTE



http://buildbot.linuxcnc.org
https://tracker.debian.org/pkg/linuxcnc
https://tracker.debian.org/pkg/linuxcnc
https://linuxcnc.org/documents/
https://hosted.weblate.org/projects/linuxcnc/
https://hosted.weblate.org/projects/linuxcnc/
https://github.com/LinuxCNC/linuxcnc
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TUIEPCCHIJIKY Ha CTPaHUIlY apXuBa U 3arpy3uTe ImociengHuil ¢aiin .tar. Bel HakimeTe 3TOT (aiin,
cXKaTHU Kak (aiin .tar.xz unm .tar.gz. IToT ¢daiin, oOIYHO Ha3bIBaeMbIl “tarball”, sBnsercs
apxWBOM, OYEHBb IIOXOXUM Ha .zip. Bam pa6ouwuit ctonm Linux 6ymeT 3HaTh, KaK oOpariaThbCs C
9TUM (paitjioM, eClIu OABaXKObl MIETKHYThH 110 HEMY.

IToaroToBbTE JIOKAJABHYIO KONIHIO peno3uTopus LinuxCNC
CHauaJla BaM CJIeAyeT YCTaHOBUTH HHCTPYMEHT “git” Ha CBOU KOMIIBIOTE]D, €CJIN OH €llle He OCTYIIeH

(sudo apt install git). 3aTeM mOATOTOBBLTE TOKATBHBIN 3K3EMILISIP UCXOOHOTO IePEeBa CIIEAYIONIUM

o6Gpas3oM: .

$ git clone https://github.com/LinuxCNC/linuxcnc.git linuxcnc-source-dir

IlepBHIll apryMeHT KOMaHOH git BEIDaeT 9To: ITo Ha3bkIBaeTcs “clone” peno3uTtopus LinuxCNC. IIpeumyiiect

B TOM, YTO 9TOT JIOKANTbHLIU KJIOH nognepzKuBaeT CBA3b 006 HU3MEHEHHUNAX, KOTOPhIE BEI MO2KETE PEIINTHb
BEITIOJIHUTE B KCXOJHOM [JepeBe.

GitHub — ato mHbpacTpyKTypa caMa 1o cebe, u ogpoOHO OHa oIMcaHa B ApyroM Mmecrte. IIpocTo
4yTOOBI MOTUBUPOBAThL BaC, €CJIU BHL €Ille 9TOI'0 He 3HaeTe, IIpefJiaraeTCs BHIIOJIHUTHL KJIOHMPOBaHUE
OJIT BaC ¥ CHOejlaTh 3TOT 9K3eMIsap obmienocTynHbeiM. GitHub Has3plBaeT Takoi [OIIOTHUTEIbLHBIN
9K3eMIIIp Apyroro pemno3uTtopus “fork”. Bel MoxkeTe merko (u 6eciinaTHo) co3aaTh GOPK PEIIO3UTOPUS
git LinuxCNC Ha GitHub 1 ucnonbs3oBaTh ero Ojisi OTCIeXUBAHUSA M IIYOIUKAIUU CBOUX U3MEeHEeHUN.
IMocne co3manus cobctBeHHOTro (popka GitHub LinuxCNC KnoHUpPYHTE ero Ha CBOM KOMIILIOTED M
pa3paboTKu ¥ IpoaoKaiiTe 3aHUMATHCSA XaKMHTOM KaK 0OBIYHO.

Mer u3 npoekta LinuxCNC HameeMcs, YTO BHI HOOEJHUTEChH C HAMH CBOMMH H3MEHEHHSIMH, YTOOLI
Co0OIIIeCTBO MOTJIO M3BJIeYUb IT0NIb3Yy u3 Bamel pabotel. GitHub memaet aToT 00MeH 0YeHB IMTPOCTHIM:
II0CJIE TOTO, KakK BHI OTHIIHN(YETE CBOM M3MEHEHUS U OTIIPaBUTE UX B CBOU (opk github, orunpasnTe
HaM 3anpoc Pull Request.

6.2.1 bBbIiCcTpbIK CTApPT

[71sT HeTePIEeNUBHIX MOTPOOYHTE ClenyIolIee:

$ git clone https://github.com/LinuxCNC/linuxcnc.git linuxcnc-source-dir
$ cd linuxcnc-source-dir/src

$ ./autogen.sh

$ ./configure --with-realtime=uspace

$ make

DTO, BEPOSATHO, HE yHacTcsa! OTO He HOejlaeT Bac IJIOXUM YEJIOBEKOM, 3TO IIPOCTO O3HAYaeT, YTO BH
OOJIZKHBI ITPOYUTATh BECh 3TOT HJOKYMEHT, YTOOBI y3HATh KakK PEIIUTh CBou Ipobmembl. OcoBGeHHO
pa3men ymoBlIeTBOPEHNE 3aBUCUMOCTEH COOPKH.

Ecnu BeI pabGoTaeTe B CUCTEME C ITOOHOEPKKOM peanbHOT0 BpeMeHU (HalpuMep, IPHU YCTaHOBKE M3
o6paza LinuxCNC Live/Install Image, cM. pa3gen B peanbHOM BpeMeHU HUIKE), B HACTOAIIEE BPeMs
TpeOyeTCss OOUH OOIIOIHUTEIbLHEIN I1ar COOPKH:

$ sudo make setuid

ITocne Toro, kak Be ycnemrHo cobpanu LinuxCNC, mpuIIio BpeMs 3allyCTUTDb TECTHI:

$ source ../scripts/rip-environment
$ runtests

39TO TOXKe MOXKET He HOHy‘{I/ITBCH! HpO‘ITI/ITe BeCh 3TOT OJOKYMEHT, HO 0CcOoOEeHHO pasnoei HaCTpOﬁKa
Cpenbl TECTUPOBAHUA.
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6.3 lMoppep>xusBaemsbie naatTdopmbl

ITpoekt LinuxCNC HallejieH Ha COBpPeMeHHbIe HUCTPUOYTHUBHI Ha OCHOBe Debian, Bkmtodasi Debian,
Ubuntu u Mint. M=uI moCTOSTHHO TECTHUPYEM Ha IutaT@opMax, lepednciieHHbX Ha http://buildbot.linuxcnc.org.

LinuxCNC cobupaeTcs Ha O0IbIITMHCTBE OPYTUX OUCTPUOYTUBOB Linux, XOTsI yIpaBiieHHE 3aBUCUMOCTSIMHU
OyneT 6oyee PyYHBEIM 1 MEHEE aBTOMaTUYeCKUM. Bcerpga mpuBeTCTBYIOTCS UCHPABJIEHUS OJIS Yy YIIEHU S
IIePeHOCUMOCTU Ha HOBHIE IIJIAaT(POPMEI.

6.3.1 B peanbHOM BpeMeHM

LinuxCNC — 3To KOHTPOJIJIEP CTaHKa, U eMy TpebyeTcs miaTdopmMa peajabHOr0 BPEMEHU [JIsl 3TOHU
pabotel. OTa Bepcus LinuxCNC mopmepxkuBaeT ciepgyloinue mnaTdopmbl. I[lepBhie Tpu B CIUCKE
SIBJITIOTCSI OIE€PAIlMOHHEIMU CUCTEMaMU peaJilbHOTO BpeMeHU:

RTAI
C catita https://www.rtai.org. Agpo Linux ¢ matuem RTAI moctymHo B apxuBe Debian mo agpecy
https://linuxcnc.org. MHCTpyKUMH 0 ycTaHOBKe cM. [Tonmyuenue LinuxCNC.

Xenomai
C caiita https://xenomai.org. Bam npugeTcss CKOMIUIUPOBATD UJIU ITOIYYUTE IAPO Xenomai caMOCTOSTe

Preempt-RT
C https://rt.wiki.kernel.org. dapo Linux c matueM Preempt-RT uHorma moctymnHo B apxuBe Debian
o appecy https://www.debian.org 1 B uHTepHET-apxuBe 110 aapecy https://snapshot.debian.org.

He B pea/ibHOM BpeMeHHA
LinuxCNC can also be built and run on non-realtime platforms, such as a regular install of Debian
or Ubuntu without any special realtime kernel.
In this mode LinuxCNC is not useful for controlling machine tools, but it is useful for simulating
the execution of G-code and for testing the non-realtime parts of the system (such as the user
interfaces, and some kinds of components and device drivers).
To make use of the realtime capabilities of LinuxCNC, certain parts of LinuxCNC need to run
with root privileges. To enable root for these parts, run this extra command after the make that
builds LinuxCNC:

$ sudo make setuid

6.4 Pe>Xxumbl cOOpku

CymecTtByeT aBa criocoba coopku LinuxCNC: ynoOHBIH 015 pa3paboTYNKOB PEKUM «3allyCKa Ha MecTe»
(run in place) u ygoOGHBIH /IS TOTB30BATENISA PEXKUM CO3HaHMUs IakeToB Debian.

6.4.1 C6opka pgna 3anycka Ha mecTe (RIP)

ITpu c6opke Run-In-Place mporpammsel LinuxCNC KOMOIUIUPYIOTCSA U3 KCXOOHOTO KOJIa, a 3aTEeM 3aIlyCKalOTCS]
HETIOCPENCTBEHHO U3 KaTaJjiora cOopku. Hudyero He ycTaHaBIMBaETCS 3a IpeesiaMu KaTajaora COOpKH.

9T0 OBICTPO U JIETKO M MOOXOOUT OJiss OLICTPOrO BHeceHus m3MeHeHui. Habop TecTtoB LinuxCNC
paboTaet TonbKO B c6opKe Run-In-Place. BomnbmuacTBO pa3paboTuynkoB LinuxCNC B 0CHOBHOM UCTIOJIB3VIOT
3TOT PEKUM.

C6opKa AJIs1 3allycKa Ha MecCTe [ieJlaeTCs TI0 IIaraM, ONTMCaHHBIM B pa3fesie BLICTPRIM CcTapT B BEPXHEH
YaCTH 3TOTO JOKYMEHTa, BO3MOXKHO, C Pa3HLIMU ITapaMeTpaMu [yt src/configure u make.



http://buildbot.linuxcnc.org
https://www.rtai.org
https://linuxcnc.org
https://xenomai.org
https://rt.wiki.kernel.org
https://www.debian.org
https://snapshot.debian.org
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6.4.1.1 src/configure napameTpsbl

Ckpunt src/configure HacTpamBaeT cnoco6 KOMIMISLUKY MCXOOHOTO Koma. OH MPUHUMAET MHOTO
HeoO0s13aTeIbHEIX TapaMeTPOB. BEIBeCTH Bce apryMeHTH src/configure 3amyckoM 3TOTO:

$ cd linuxcnc-source-dir/src
$ ./configure --help

Haubosnee 4acTo UCIIOIE3yEeMbIE TAPAMETPHL:

--with-realtime=uspace
Co3pmaBaiite Ojist 1000 m1aT®OPMBL PpeaTbHOT0 BpEMEHY MITH I He-peajlbHOTO BpeMeHU. [1onydeHHbI¢
ucnojyHsieMmble daimel LinuxCNC OyayT paboTaTth Kak Ha spape Linux ¢ matuamum Preempt-RT
(obecreynBaOIINMY YIIPaBJIeHNEe MAallIMHON B peaIbHOM BpEMEHH), TakK U Ha OOBIYHOM (HETIPOIIaTYeHHO!
sanpe Linux (o6ecneumBalomeM cumynsanuio G-kKofa, HO 6e3 yIpaBjieHHUS MalIMHON B peaylbHOM
BpPEMEHH).
b’"Eb’'b’''cb’'b’'nb’"'b"'mb’"" b"'yb"'b"'cb’'b’"'Tb’''b’’ab’’b’'ub’’b’’0ob’'b’'Bb’''b"'nb’"’'b’ «+
"eb’’b’"'Hb’'b"’bib’’ b’’'¢db’'b’’ab’’'b’’'ub’’'b’'nb’’'b’’wib’’ b’’pb’’'b’’ab’'b’’'3b’'b’ +
'pb’’'b’’ab’’b’’'6b’'b’'ob’ b’ Tb’ b’ kb’ 'b’'ub’’ b’'’'gb’'b’'nb’’'b’"ab’’ Xenomai (b’ «
'ob’’'b’’'6b’'b’'bib’'b’"ub’ b’ "Hb’ b’ '0b’’ b’'’'ub’’'b’’'3b’" b''nb’’'b’'ab’'b’''kb’'b’ «
’eb’’b’’Th’'b’’ab’’ libxenomai-dev) b’’ub’’b’’nb’’b’’ub’’ RTAI (b’’ob’’b’’'6b’’b’ <
'bb’’b’’ub’’b’"Hb’ b’ "0b’’ b’’'ub’’b’’3b’’ b’'’'nb’’'b’’ab’’'b’'kb’'b’"'eb’'b’''Tb’''b’
'ab’’ b’’'cb’’ b’'ub’’b’’'Mb’’b’’eb’’'b’'Hb’ b’ 'eb’'b’'Mb"", b''Hb’'b’"'ab’'b’''ub’"'b’ «
‘b’ "b’ "Hb’ "b’ ab’ "b’ b’ b’ 'wb’ b’ "nb’ ’b’ 'Mb’ b’ "cb’’b’"sb’’ b’’cb’’ "rtai-modules «
"), b"'mb"'b"'ob’'b’'pb’'b’'pb’'b’’eb’ b’ 'pb’ b’ "xb’ b’ 'kb’’'b’"ab’’ b’’'ab’'b’'’'Th’'’'b «+
"'mb’’'b’’'xb’’" b’’ab’’'b’’gb’’'b’’eb’’'b’'pb’’ b’''pb’’'b’’eb’'b’''ab’'b’'nb’"'b’"'bb’'b’
"Hb’’'b’’ob’’'b’’'rb’’'b’’ob’’ b’’'Bb’’'b’'pb’’'b’’eb’ b’ 'Mb’'b""'eb’ b’ 'Hb’ b’ 'nb’" b’ «
"Tb’’'b’’ab’’'b’'kb’'b’'x%b’'b’"eb’’ b’’'6b’’'b’’'yb’'b’'gb’'b’'eb’’'b’'Tb’" b''Bb’''b’
'kb’’'b’'nb’ b’ b’ b’ "ub’’'b’'eb’ b’ "Hb’ ‘b’ "ab’ .

--with-realtime=/usr/realtime-$VERSION
Coopka mist nmnaThopMel peanbHOTo BpemeHu RTAI ¢ mcmonb3oBaHueM 06ojee CTapoi MOmenu
”simpo peanbHOTO BpeMeHu”. s 3TOro HeoOxommmo, 4TOOB! ¥ Bac OBINIO sapo u momynu RTAI,
ycTaHOBIeHHEIe B /usr/realtime-$VERSION. [Tony4uenHbie ucnonuseMsle parinsl LinuxCNC 6yoyT
paboTaTh TONBKO Ha yKazaHHOM sgpe RTAI. HauuHas ¢ LinuxCNC 2.7, 3To o6ecnedyuBaeT HAUTy YIIYIO
IIPOU3BOOUTEJIBHOCTE B PeaIbHOM BPEMEHM.

--enable-build-documentation
CG6opKa IOKYMEHTALUH B [OMOIHEeHNE K UCIIOIHIEMBIM (haiiaM. DTa OMIIKs 3HAYNTEILHO YBEIUYHNBAET
Bpewms, HeO6XOJlI/IMoe OJ1d KOMIIUJIAIIWMY, TaK KaK cGopKa I[OKYMeHTaL[I/II/I 3aHUMaeT JOBOJILHO MHOT O
BpEMEHH. Eciu BBI HE aKTUBHO pa60TaeTe Haf I[OKYMeHTaI_[I/Iefl, BEI MO2KETe OHYCTI/ITB 9TOT apPr'yMeEeHT.

--disable-build-documentation-translation
OTKTI0YUTE COOPKY TepeBeieHHOM JOKYMEHTAIIUY /IS BCEX MOCTYITHHIX sI3bIKOB. COOpKa IepeBeeHHOY
IOKyMEeHTall| 3aHuMaeT OTPOMHOE KOJINYeCTBO BPpEMEHH, II09TOMY PEKOMEHYEeTCs IPOIYCTUTD
9TO, €CJIX B 3TOM HeT 0C0601 He0OXOOUMOCTH.

6.4.1.2 TMapameTpbl make

Komanna make IIPUHHWMAET OBa II0JIE3HBIX OMMIITMOHAJIBHEIX ITapaMeTpa.

ITapamienbHast KOMIIUISIUAS
make MpUHUMAaET OMIIMOHANbHLIN mapaMeTp -j N (rme N — 4wucio). 3TO MO3BOJISIET BEIIOIHSTH
TapassienbHyI0 KOMIUIIALNIO ¢ N OJHOBPEMEHHBIMU IIPOLleCCaMH, YTO MOXKET 3HaYUTEIbHO YCKOPUTD
Bamry cO0pKy.

ITone3uriMm 3HaueHueM N sBasieTcs KonudecTBo LIIT B Barieidt cucreme cOOPKHU.
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Brl MoxkeTe Y3HaTh KOJIMYECTBO IIPOIIEeCCOPOB, 3allyCTHUB NPIroc.

COopKa TO/IbKO KOHKPETHOI'O 3JIeMeHTa
Ecnu BB X0THUTE coOpaTh TOJIBKO OmpemeneHHBIH KoMmoHeHT LinuxCNC, BHI MozxKeTe yKa3aThb
Ha TO, YTO XOTHUTEe coOpaTh, B KOMaHIOHOM cTpoke make. Hampumep, ecnu Bel paboTaeTe Ha
KOMIIOHEHTOM Cc uMeHeM froboz, Bl MokeTe coOpaTh ero UCIIOTHSAEMBIH (aii, 3anyCTHUB:

$ cd linuxcnc-source-dir/src
$ make ../bin/froboz

6.4.2 Coopka Debian naketoB

IIpu c6opke makeToB Debian mporpammbl LinuxCNC KOMOUIMPYIOTCS M3 MCXOOHOTO KOIa U 3aTeM
coxpaHsIoTCs B makeTe Debian BMecTe ¢ nHGoOpMalel 0 3aBUCUMOCTSIX. DTOT IIPOIIECC 10 YMOJTYaHUIO
Tak’Ke BK/II0YaeT COOPKY AOKYMEHTAIlUH, KOTOpasi 3aHUMaeT BPeMs U3-3a BCEX Ollepalinii BBOga-BLIBOA
IJI MHOTUX SI3BIKOB, HO ee MOXKHO nponycTuTh. 3ateM LinuxCNC ycTaHaBnuBaeTCs KakK 4aCTh 3TUX
IMaKeTOB Ha TOT K€ KOMITBIOTEP UJIM Ha M000# IPyTriio KOMITLIOTEP TAaKOU Ke apXUTEeKTYPhl, Ha KOTOPYIO
KomupytoTcs ¢aiine .deb. LinuxCNC Henb3st 3allyCTUTD, TTO0Ka IMakeThl Debian He 6yOyT yCTaHOBIEHBI
Ha I1eJIeBOM KOMIIBIOTEpe, a 3aTeM HCIIONHsIeMble (haiibl He OyayT DOCTYIHE B /usr/bin u /usr/lib, kak
¥ Opyroe oOBIYHOE IIPOTPaMMHOE 0OecIlieYeHNe CUCTEMEL.

9TOT pexuM COOPKU B IIEPBYIO OYEpEb I0JIE3eH MPU YIaKOBKE IIPOTPAMMHOTO OOeCledYeHUs M
OOCTaBKU KOHEYHBIM T10JIh30BATEJISIM, @ TaKKe ITpu cO0OpKe MPorpaMMHOT0 00ecriedyeHus IJist KOMITBLIOTEPA,
Ha KOTOPOM He YCTaHOBJIeHa cpefa cOOpKY UJIM HeT focTymna K UHTepHeTy.

C6opKa IMakeTOoB B IIEPBYIO OUepeb IT0JIE3HA IIPH YITAaKOBKE IIPOTPaMMHOT0 00eCIiedYeHus OJIsl TOCTaBKHU
KOHEYHEIM I10JIb30BaTeNAM. Pa3paboTumku MexXkny co00¥ 0OMeHUBAIOTCS TOJIBKO MCXOOHEIM KOIOM,
KOTOPLIN, BEPOSTHO, nofnmepxuBaeTcsa peno3utopueM LinuxCNC GitHub, ykasauueiM HuUKe. Kpome
TOTO, TIPU CO3JTaHWUM MPOrpaMMHOT0 o6ecliedyeHUs [JIsI MAIllWHEL, Ha KOTOPOM He YCTaHOBJIEHA cpela
cOOpKU UK HET OOCTyIa K MHTepHeTy, MOXKHO C PaflOCThI0 IPUHATh TOTOBLIN ITaKeT.

C6opka makeToB Debian BEIIOJTHsIETCST C OMOIIbI0 nHCTpyMeHTa dpkg-buildpackage, KoTopkIi TpeqoCcTaBl
nmakeTtoM dpkg-dev. Ero BHIIIOTHEHHE COIIPOBOXKOAETCS PSOOM HPEIBAPUTENLHBLIX YCIIOBHUM, KOTOPHIE
MoapPOoOHO ONMCaHbl HUKe: * [loy12KHa OBITh YyCTaHOBJIEHA 001Ias MHPPaCTPYKTypa COOPKH, T.€. KOMIUISITOPh
U T.[. * DOJIXKHEI OBITh YCTAHOBJIEHH 3aBUCUMOCTHM HA MOMEHT COOPKM, T.€. 3aroJjIOBOYHEIE (pariibl Os
HCIIONIb3yEeMbIX BHENTHUX OMOIMOTEK KOofa, KaK ONMMCAaHO B pa3pdesie YIOBJIETBOPEHUE 3aBUCUMOCTEN
cbopku. * ¢aiin B nanke Debian gomxeH OBITH ITOTHBIM U OIUCHIBATDH ITAKET

HNHCTpyMeHTH COOpPKHM ObIIM COOpaHbI B BUPTYAJIBHBEIM ITakeT ¢ uMeHeM build-essential. YToOGH
YCTAaHOBUTH €ro0, BBIIIOJITHUTE:

$ sudo apt-get install build-essential

Kak TOMBKO 3TH mpeaBapuUTENbHBIE YCIOBUS COOMIOmeHb, cOopka makeToB Debian cocTouT m3 OByX
II1aToOB.

ITepBBIM IIIAaTOM SBIISETCS CO3[aHWE CKPUNTOB mMakeTta Debian um mMeTagaHHBIX M3 PEMO3UTOPHUS (it,
IIyTEM 3aIycKa:

$ cd linuxcnc-dev
$ ./debian/configure

Note

CkpunT debian/configure oTnnyaeTcsa ot ckpunTa src/configure!

Ckpunt debian/configure npMHMMaeT aprymMeHTbl B 3aBUCUMOCTU OT NAaTgOpMbl, Ha KOTOopon/ana
KOTOpoM Bbl CTpouTe, cM. paspen debian/configure arguments section. Mo ymon4yaHuio Linux-
CNC paboTaeT B MNosb30BaTeNbCKOM MPOCTpPaHCTBE ("uspace”), oxwupasa, 41O aapo preempt rt
MUHUMUN3MPYET 3a4EpXKKN.
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ITocne KoHGUTYpalluy CKPUIITOB U MeTaflaHHKIX ITakeTa Debian cobepuTe nakeT, 3anycTuB dpkg-buildpacka

$ dpkg-buildpackage -b -uc

Note

dpkg-buildpackage Heobxoommo 3amyCcTUTb U3 KOPHA WCXOAHOrO OepeBa, KOTOPOE Bbl MOMn
Ha3BaTb linuxcnc-source-dir, He BHyTpu linuxcnc-source-dir/debian.

dpkg-buildpackage npuHumMaeT HeobA3aTeNbHbIN apryMeHT  -j N (rge N — 4ncnio). 3To nMo3BossSeT
3anyckaTb HECKOJ/IbKO 3aaHN OfHOBPEMEHHO.

6.4.2.1 LinuxCNC'’s debian/configure napameTtpbl

B ucxomuom mepeBe LinuxCNC ects KaTanor Debian co Bcelt mHbopMalei 0 ToM, Kak OOJIKeH OBITh
cobpau makeT Debian, HO HEKOTOPHIE KITI0YEBEIE (DaliJIkl B HEM PACIIPOCTPAHSAIOTCS TOIBKO KaK 11abJIOHHL.
Ckpunt debian/configure moaroraBnuBaeT 3TU UHCTPYKIIUHY ITO0 COOPKE 151 OOBIYHBIX YTUJIUT YIIAaKOBKU
Debian u mosTomy momxkeH OvITh 3amymieH go dpkg-checkbuilddeps unu dpkg-buildpackage.

Ckpunt debian/configure mpuHMMaeT OOWH apPTyYMEHT, KOTOPHIM ompenesnseT 6a30ByI0 IIaTdopmy
peanbHOT0 U HEe PeabHOT0 BPEMEHH, AJIs1 KOTOPOM OyeT BHIIIOIHATHCS cOopKa. OOLIYHbIE 3HAYEHUS
39TOr'0 apryMeHTa:

no-docs
ITponycTuTh COOPKY HOKYMEHTAIIUH.

uspace
Hactpoiite makeT Debian gns pexuma Preempt-RT B peanbHOM BpeMeHHU HIIH [JIs peKuMa He B
peanbHOM BpeMeHH (3TH ABa BapuaHTa COBMECTUMEI).

noauto, rtai, xenomai
O6sruno crimcku OCPB giist mopmepskku uspace realtime onpepgensirorcst aBTomatTudecku. OgHaKo,
€CJTH BHI XOTUTE, BBl MOXKETE YKa3aTh OJHY UJIM HECKOJIPKO U3 HUX ITOCJIE USpace, YTOOHI BKITIOYUTH
nonmepxkKy 3Tux OCPB. UToObI OTKITIOUUTH aBTOOIIPEENeHNe, YKaxKuTe noauto.

Ecnu BaM Hy2K€H TOJIbKO TPaOULIIMOHHEIN «MOLYJb sapa» RTAI B peanbHOM BpeMeHHU, UCIIONIb3YUTE
BMeCTO 3T0r0 - unu $KERNEL VERSION.

rtai=<package name>
Ecnu maket pa3spabotku g RTAI Ixrt He 3amyckaeTcs ¢ “rtai-modules”, unu ecnu mepBhIf TAKOM
TakKeT, YKa3aHHBIN ITOMCKOM apt-cache, He SIBIIETCS HYKHBIM, TOTHa SIBHO YKaXKUTe UMS IIaKeTa.

-r
HacTtpoiite nakeT Debian mis paboTaroiiero B maHHBIM MOMeHT aapa RTAI. YTo6w aTo paboTaro,
Ha Ballell cO0POYHOU MaIlvHe OOJIKHO OHITh 3amylleHo ssapo RTAIT!

$KERNEL_VERSION
HacTtpotite naket Debian nns ykazauHou Bepcuu sanpa RTAI (manpumep, «3.4.9-rtai-686-pae»).
Ha xommnbioTepe, Ha KOTOPOM IPOU3BOOUTCS COOPKA, MOIXKeH OLITH YyCTaHOB/IEH mmakeT Debian c
COBIIQMalONIMMM 3arojioBKaMu smpa (Hampumep, «linux-headers-3.4.9-rtai-686-pae»). Ob6paTtuTte
BHHMAaHHeE, YTO BB MOKeTe cobupams LinuxCNC B 9T0M KOHQUTYPaAIIUH, HO €CJIH BhI HE UCIIOIb3yeTe
cooTBeTcTByIomee ssapo RTAI, BbI He cmoxkeTe 3anycmumsb LinuxCNC, Bkimo4dasi Habop TECTOB.

6.4.2.2 YpoBneTrBopeHue 3aBUCUMMOCTEN cOopkMu

Ha nmatdopmax Ha ocHoBe Debian MBI mpepocTaBisseM MeTafaHHBIE O MaKeTaxX , KOTOPHIE 3HAIOT,
KaKue BHEIIHNE IIPOTrPaMMHEIE TaKeThl HE0OXOAUMO YCTaHOBUTS fJid coopku LinuxCNC. 3To Ha3kIBaeTCs
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3asucumocmsamu coopku LinuxCNC. OuHM Ha3bIBalOTCA 3asucumocmsamu cbopku LinuxCNC, T.e. TeMmu
IMakeTaM{, KOTOPBIE MOJIKHBEI OBITH HOCTYIHHI * cOOpKa IIPOIIia yCIeIHO U * c6opKa MOXKeT OBIThb
cenaHa BOCIIPOM3BOAUMO.

BrI MOKeTe MCII0Ib30BaTh 9TH MeTagaHHbIEe OJIs JIETKOT'0 TepeuyncieHus TpeOyeMbIX TaKeTOB, OTCYTCTBYIOIIIY
B Ballei cucteMe cobopku. CHauana nepeigute B ucxomHoe gepeBo LinuxCNC u MHHULUUPYUTE €ro
CaMOHAaCTPOMKY II0 YMOJTYaHUIO, €CJIM OHAa ellle He BHIIIOJIHEHA:

$ cd linuxcnc-dev
$ ./debian/configure

9To moarotoBUT (arin debian/control, comepzKaIuii COIMCKK ITaKeToB Debian, KoTopele HEOOXOOHUMO
CO3aaTh, C 3aBUCUMOCTSAMU BPEMEHU BLHIIIOJTHEHUA OJIsd 3TUX IIAKETOB, a OJIsd Halllero Ciiydasi TaK2XKe U
3aBUCUMOCTHU COOPKHU OJISI 9TUX MAaKETOB, KOTOPHEIE HEOOXOIMMO CO3IaTh.

CaMbIli TIPOCTO¥ CIIOCO0 YCTAaHOBUTH BCE 3aBHCHUMOCTH COOPKM — IIPOCTO BBIIOJTHUTH (M3 TOTO K€
KaTajiora):

sudo apt-get build-dep

KOTOpasi YCTaHOBUT BCe TpeOyeMble 3aBUCUMOCTY, €Ille He YCTAaHOBJIEHE!, HO NOCTYIIHEL. . SIBISIETCS
YaCTbI0 KOMAHIHON CTPOKH, T.€. MHCTPYKIUEN 10 U3BJIEUEHWUIO 3aBUCUMOCTEH AJIs1 UCXOOHOTO OEPERA,
a He [JIs 3aBUCUMOCTEM OAPYyroro makeTa. DTO 3aBepilaeT ycTaHOBKY build-dependencies.

OcTaBIIascs 4acTh 9TOT0 pa3felia ONUCHIBaeT NONypy4YHoU rmogxon. COucok 3aBuCUMOCTEM B debian/-
control gMMHHBIN, ¥ CpPaBHUBATh C HUM TEKYIIIee COCTOSTHUE YKe YCTaHOBJIEHHHIX ITaKETOB YTOMUTEJIBHO.
B cucremax Debian ecThs mporpamma mnop HazBauumeM dpkg-checkbuilddeps, KoTopast aHanIu3upyeT
MeTamaHHBIE [TaKeTa ¥ CPAaBHUBAET ITAaKEeTh, IIEPEeYUCIeHHbIE KaK 3aBUCUMOCTH COOPKHU, CO CIUCKOM
YCTAHOBJIEHHBIX ITAKETOB, a TaKKe Co0o0IIaeT BaM, YeTro He XBaTaer.

Cuaauana yctaHoBuTe nporpammy dpkg-checkbuilddeps, 3anycTus:

$ sudo apt-get install dpkg-dev

910 co3pmaert ¢aiin debian/control B popmaTte yaml, mocTynmHOM [jisg YTEHUS ITOIb30BaTEIEM, B KOTOPOM
IMepevyrciIeHbl 3aBUCUMOCTH COOPKH OHKe K Havualry. Bl MozKeTe MCIT0/Ib30BaTh 9TH MeTaJaHHbIe OJIs
ITPOCTOT O IIEPEYUCIeHN T TpeOyeMbIX TaKeTOB, OTCYTCTBYIOIIUX B Balllel cucTteMe cO0pKU. Bhl MoxkeTe
PEIIUTh BPYYHYIO IIPOBEPUTHL 9THU AUk, €CIIM ¥ BaCc €CTh XOpOoIllee MpPeacTaBjIeHue O TOM, YTO yXKe
YCTQHOBIIEHO.

B kauecTBe aTbTepHATUBE cUCTEME Debian mpemocTaBmnsioT mporpammy dpkg-checkbuilddeps, koTopas
aHaNMU3UpyeT MeTalaHHBIE IaKeTa U CPAaBHUBAET ITaKeThl, IepeducieHHbIe KaK 3aBUCUMOCTU COOPKH,

CO CIIMCKOM YCTaHOBJIEHHBIX ITIaKETOB M COO0OIIIaeT BaM, 4ero He xBaTaeT. Kpome Toro, dpkg-buildpackage
COOOIIIKUT BaM O TOM, Yero He XBaTaeT, M 3TO MOJIXKHO OLITL HOpMalbHO. OmHAKO OHa cooOIaeT 00
OTCYTCTBYIOIINX 3aBUCUMOCTSIX COOPKU TOJIBKO IIOCJIe TOr'0, KaK UCIIpaBieHus B KaTanore debian/patches
OBLTM aBTOMATUYECKYU TPUMEHEHH (eCITH TaKOBBIe MMEIOTCs). ECiu BBl HOBUYOK B Linux u ympaBieHUH
BEPCUSIMHU (it, YUCTHIN CTApPT MOXKeET OBITh IPEAIOUTUTEIbHEE, YTOO N30eKaTh OCI0XKHEeHUH.

IMporpammy dpkg-checkbuilddeps (Takzke u3 naketa dpkg-dev, KOTOPEIM yCTaHaBIUBAEeTCsI KaK 4acCTh
3aBucuMoctei build-essential) MOXKHO MOIIPOCUTE BEIIOJIHUTH CBOIO paboTy (o6paTuTe BHUMAHUE, YTO
ee HYXKHO 3aIllyCTUTh U3 KaTajiora Linuxcnc-source-dir, He u3 linuxcnc-source-dir/debian):

$ dpkg-checkbuilddeps

OH BHIZACT CIIMCOK MaKeTOB, KOTOpkle TpebyroTcs ais coopku LinuxCNC Ha Balei cucreMe, HO IOKa
He YCTaHOBJIEHHI. Tenepb BBl MO2XKeT€ YCTAHOBUTH OTCYTCTBYIOIIINE 3aBUCHUMOCTH C60pKI/I

BPYYHYIO
YcTaHoBuTe uX Bce ¢ momoIibio sudo apt-get install, a 3aTem mMeHa makeToB. Brl MoxkeTe
noBTOpHO 3anyctuth dpkg-checkbuilddeps B mo6oe BpeMsi, YTOOBI ITOTYYUTH CITMCOK OTCYTCTBYIOIITUX
IIaKeTOB, YTO He MOBIUSAET Ha UCXOOHOE NEePEBO.
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aBTOMaTH3HDOBaHHLIﬁ
3anycturte sudo apt build-dep .

Ecnu BBl COMHEBaeTeCh B TOM, YTO MOIKET ITPEeNOCTaB/sAT, KOHKPETHHIM nmakeT build-dep, mpoBepbTe
OoIMCaHMe MaKeTa C MoMoIbio  apt-cache show ™ packagename.

6.4.2.3 BapwuaHTbl gansa dpkg-buildpackage

s cOopKy TUIMHYHOTO IMakeTta Debian Bam HyzKHO 3amycTtuThb dpkg-buildpackage 6e3 kakux-mubo
aprymeHTOB. Kak OBIJIO yKa3aHO BHIIIE, KOMaHJle TIepeaHtl IBE NOIOJIHUTEJIbHbIE onItuu. Kak u ang
BCEX XOPOIINX HHCTPYMEHTOB Linux, Ha CTpaHHUIle PYKOBOACTBA €CTh BCe MOAPOOHOCTH C ITOMOIITLI0 Man
dpkg-buildpackage.

=uc

He nopgmnuckiBaliTe MO POBEIMY IIOONNCSIMY IT0JIyYeHHBIE IBONYHEBIE (paiinbl. BaMm ciemyeT TOONIUCHIBATE

IMakeTsl CBOUM Kii0uoM GPG TOJIBKO B TOM CIy4ae, eCJIM BBl XOTHUTE PACHPOCTPAHATh UX Cpemu
opyrux. Eciu 9Ta omius He yCTaHOBIIEHA, a 3aTeM IIaKeT He IOMKNCAH, 3TO He IIOBIusAeT Ha dain
.deb.

KomnunupyeT TONBKO apXUTEKTYPHO-3aBUCHUMEIE ITaKETH (HalpuMep, IBOUYHEIE (paitnel Linuxcnc
u GUI). 9To oueHb 0JI€3HO, YTOOR 130€KaTh KOMITUJISIINY TOTO, YTO HE 3aBUCUT OT 000PYIOBaHUS.
g LinuxCNC aTo moKyMeHTallusi, KoTopas B II000M Cydae DOCTYITHA OHJIAWH.

Ecnu y Bac BO3HUKIIM TPYOHOCTH MIPU KOMITHJIISIIIUY, TOCETUTE OHJTaiH-GpopyM LinuxCNC.

B HacTosmee BpeMs nosiBiIsieTCA noanepkka nepemenHour cpensl DEB BUILD OPTIONS. YcraHoBuTE
ee B

nodocs
4TOOBI MPONYCTUTh COOPKY AOKYMEHTAIIUH, JTyUIlle UCII0Ib30BaTh ¢iiar - B mis dpkg-buildpackage.

nocheck
IIJIsI ITPOIyCKa CaMOTECTUPOBaHUs mpoiiecca c60pku LinuxCNC. 3To 3KOHOMUT BpeMs ¥ CHHUXKAET
HOTpe6HOCTB B HECKOJIBKHUX IIPOTPAMMHEIX ITaKE€TaX, KOTOPEIE€ MOT'YT 6]:ITI: HEeOOCTYIIHHI OJId Balllen

CHUCTEMBI, HAalIpDUMED, B xvfb. He ciienyeT YCTAHABIIMBATH 3TY OIIINUIO, YTOORI IIOJIYYHUTH OJOIIOTHUTEJIbHYK

YBEPEHHOCTh B TOM, 4YTO Ballla 060pKa GYJIGT pa6OTaTb TakK, KaK O02KHOaeTCd, €CJIN TOJIBKO BEI HE

CTaJIKMBaeTeChb C HUCTO TEXHUYECKUMU TPYOHOCTAMU C 3aBUCUMOCTAMU ITIPOTIPAMMHOI'O o6ecnequH5{,

CHeI_[I/I(bI/I‘-IHbIMI/I OJisi TECTUPOBAHUSA.

HepeMeHHaﬂ OKPYXKEHUA MOXKET OBITh YCTaHOBJIEHA BMeCT€E C BBIIIOJTHEHUMEM KOMaHIbI, HAIIpDUMEDP:

DEB BUILD OPTIONS=nocheck dpkg-buildpackage -uc -B

06']:eJII/IHI/IT BCeé BAPHUAHTEHI, IIPEOCTABJIEHHBIE B 3TOM pPa3delIe.

6.4.2.4 YcTaHOBKa CaMOCTOATEeJIbHO coOpaHHbIX nakeToB Debian

ITakeT Debian M02KHO pacmo3HaTh II0 ero paciupenuio .deb. MHCTpyMeHT, ycTaHaBIMBaIOIIUH €ro,
dpkg, sBnsgeTcsa 4YacThlo KaxKOmou ycTaHoBKU Debian. ®aiinwl .deb, co3ganHbie dpkg-buildpackage,

HaXOIsATCSA B KaTajiore Beile linuxcnc-source-dir, T. €. B . .. YT0OBI yBUAETH, KaKue (haiiIbl MPEIOCTaBIISIOTCS

B IIaKeTe, 3allyCTUTe

dpkg -c ../linuxcnc-uspace*.deb
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Bepcus LinuxCNC 6yneT yacThio uMeHH aliiia, KOTOPOe A0JI?KHO COOTBETCTBOBATh 3Be3H04YKe. BO3MOXKHO,
B CIMCKE CJIMIIKOM MHOI'O (haijioB, YTOOB IOMECTUTHCS Ha 9KpaHe. EC/Iu BB He MOXKeTe IIPOKPYTUTD
BBEPX B CBOEM TepMHHAaJle, HoOaBbTE | MOre K 3TOM KOMaHfe, YTOOBl €€ BBHIBOA IPOIIEN Yepe3 TakK
Ha3eIBaeMHIH “pager”. BriimuTe, Haxkas "q”.

YT0o0OBI YCTAaHOBUTH IIAKETHI, 3allyCTUTE

sudo dpkg -i ../linuxcnc*.deb

6.5 HacTpo#ka cpepabl

B aToM pasperie onMCHBAIOTCS CIIeIUalbHbIe IIard, Heo0X0OuMEIE [JI1sT HACTPOMKHU CTaHKa AJIs 3allyCcKa
nporpaMm LinuxCNC, BKI049asi TECTHL.

6.5.1 YBenuubTe NMMUT 3a0JIOKUPOBAHHOW NAMATH

LinuxCNC nblTaeTcs yaydIlIuTh CBOIO 3aAePKKY B peaslbHOM BpeMeHH, 6JIOKUPY S UCIIOIb3yeMYIO0 ITaMsITh
B O3Y. 9TO mesaeTcs OJis TOro, YTOOH He JaTh ONePalliOHHOM cucTeMe BHTPy3uTh LinuxCNC Ha Ouck,
YTO MOZXKET IIJIOX0 CKa3aThCs Ha 3aAepzkKe. OObI4HO 6110KUPOBKa naMsaTu B O3Y He NPUBETCTBYETCS, U
orepanroHHasI CUCTeMAa YCTaHABIMBAET CTPOTHE OrPaHUYeHN S Ha 00 beM ITaMsITH, KOTOPHIH IT0Ib30BaTEb
MOKeT 3a0JIOKUPOBATE.

ITpu ucnonb3oBaHUY INaTHOPMHI peanbHOTr0 BpeMeHHu Preempt-RT LinuxCNC 3ammyckaeTcs C OCTaTOYHbIMHU
ITPUBUJIETUSIMHU, YTOOBI CAMOCTOSITEITLHO ITOBLICUTD CBOM JIMMUT OJIOKUPOBKY NaMATH. [Ipu UCIIOTb30BaHUH
maTdopMel peanbHOro BpeMeHU RTAI y Hero HemoCTaTOYHO NPUBUJIETHUM, M II0JIb30BaTENb OOJIKEH
TIOBBICUTD JTUMUT OJIOKUPOBKHU ITaMSITH.

Ecnu LinuxCNC nipu 3anycke oTob6paxaeT cliefyIollee coo01IeHe, MpobaeMa 3aKITI04aeTCsI B yCTaHOBJIEHH(
B Ballled CHCTeMe OrpaHWYeHHN 3a0JI0OKMPOBAHHOMN IaMATH:

RTAPI: ERROR: failed to map shmem
RTAPI: Locked memory limit is 32KiB, recommended at least 20480KiB.

YToOBI HCTIPABUTH 3Ty IIPobsiemMy, mobaBbTe (aiin c umenem /etc/security/limits.d/linuxcnc.conf
(KaK root) ¢ ITOMOIITBIO BAIIIEro TI00MMOT0 TeKCTOBOTO pegakTopa (HampuMep, sudo gedit /etc/security/1
daiin moJKeH comepzKaTh CIIEAYIOIIYIO CTPOKY:

* - memlock 20480

BreliguTe U3 CUCTEMEI U BOMOUTE CHOBA, YTOOH M3MEHEHUS BCTYIIHIIN B CUITy. YOemuTech, 4TO IIpenest
OJIOKMPOBKU ITaMSTH IIOBBIIIEH, UCIIONIL3YS CIeAYyIOIyI0 KOMaHy:

$ ulimit -1

6.6 COopka Ha Gentoo

C6opka Ha Gentoo Bo3MOXKHA, HO He MoAgepXxKuBaeTcs. YOeOUTeCh, UTO BHl HCIIONIb3yeTe IIPOoduIb
pabouero crtona. IToT mpoekT ucnosyb3yeT Tk Widget Set, asciidoc 1 mmeeT HEKOTOpPHIE APYTHE 3aBUCUMOCTH
OHU OOIXKHEL OBITh YCTAHOBJIEHEL KaK root:

~ # euse -E tk imagequant

emerge -uDNa world

emerge -a dev-libs/libmodbus dev-lang/tk dev-tcltk/bwidget dev-tcltk/tclx
emerge -a dev-python/pygobject dev-python/pyopengl dev-python/numpy

#
#
#
# emerge -a app-text/asciidoc app-shells/bash-completion
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Brl MOKeTe MepPEeKIIIOUUTLCS 00paTHO Ha OOLIYHOTO ITOIb30BaTeNs OJis OOJIbIlIeN YaCTH OCTaBIIeHCs
4aCTH YCTaHOBKHU. Kak 3TOT II0OJIb30BaTEsIb, CO3JalTe BUPTYaIbHYIO CPEeny OJI Pip, 3aTeM yCTaHOBUTE
HakKeTHl pip:

~/src $ python -m venv --system-site-packages ~/src/venv
~/src $ . ~/src/venv/bin/activate

(venv) ~/src $ pip install yapps2

(venv) ~/src $

3aTeM BBl MOKeTe IIPOOOJIZKUTE KaK OOBIYHO:

(venv) ~/src $ git clone https://github.com/LinuxCNC/linuxcnc.git
(venv) ~/src $ cd linuxcnc

(venv) ~/src $ cd src

(venv) ~/src $ ./autogen.sh

(venv) ~/src $ ./configure --enable-non-distributable=yes

(venv) ~/src $ make

HeT Heob6xommumMmocTHu 3amyckaTh “make suid”, mpocTo y6eauTech, YTO Balll II0JTb30BATEIb HAXOIUTCS B
