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BBenenue

PoboroTexnuka gBjsieTcsd OTHON M3 caMbIX OBICTPOPA3BUBAIOIIUXCS OT-
pacJieit B coBpeMeHHOM Mupe. PoboTU3upoBaHHbBIE CHCTEMBI TIO/IYYaI0T ITPHU-
MEHEHHEe B BOEHHOM Jiejie, MeJIUIINHEe, MCKYCCTBEe U B ObITYy. POOOTHI cIio-
COOHBI BBITIOJTHATH MHOTHE BHUJbI PabOTHI ObICTpee MW KadeCTBEHHEE, UeM
JeJI0BEK, YeM OObsICHSIETCS WX BO3paACTAloNas MOMyJaspHOCTb. B cBaA3m ¢
BBIINIEYKA3AHHBIM, MOYKHO OTMETHUTH BBICOKWU CIPOC Ha CIEIUAJUCTOB B
obstacT POOOTOTEXHUKHU, & OTCIOJA BBITEKAET IMOTPEOHOCTh B POOOTOTEX-
HIUYIECKNX 00pa30BaTeIbHBIX KOMILIEKCaX. B oTBeT Ha Takyio MOTPeOHOCTh
Ha MaTeMaTukKo-Mexanum4deckoM daxysiabrere CIIOLY ycunusvu kadeap cu-
CTEMHOT'O MPOTPAMMUPOBAHUSA U TEOPETUUECKOU KUOEpHETUKN pa3padaThl-

BaeTca KouTposiep TPUK.

Bwmecte ¢ pazBuTueM anmapaTHBIX 1aTdoOpM UIET Takxke pasputue 110
B chepe poOOTOTEXHUKU. AJTOPUTMBI CTAHOBATCA BCE OOJiee CJIOXKHBIMU U
MHOTOYPOBHEBBIMU, & IIPUJIOKEHNSI 3a9aCTYI0 HEJIETKO MaciiTabupoBarh. C
JPYTOil CTOPOHBI, TaK »Ke KaK 1 B IPOrPaMMUPOBAHUN KOMITLIOTEPHBIX CH-
cTeM, B IPOrPAMMUPOBAHUN JIjIsI POOOTOTEXHUYIECKUX TLIAT(OPM CYIIECTBY-
eT MHOXKECTBO THIUYHBIX 3aJia4. Takue jeficTBus, Kak paboTa C JTaHHBI-
MU JATIUKOB ¥ IIPUBOIOB, OPTaHU3AIIS MEXKITPOIIECCHOIO B3aNMOIeCTBUSI,
cObop mHMOpPMAIUKI O COCTOSTHUU POOOTOTEXHUIECKON CUCTEMBI, PEATU3AIIHST
pPaCIPOCTPAHEHHBIX AJITOPUTMOB POOOTOTEXHUKU: U3DETaHUe MPENsiTCTBUA,
IJIAHUPOBAHUE ITYTU U MHOTHE JIPYTUE, PEIIAIOTCs CXOXKUM 00pa3oM Ha, pas-
HBIX CHCTEMAaX W MOTYT OBITh BbIHECEHBI Ha OT/EJIbHBIN YPOBEHBb aOCTpaK-
U, DTy 3aJady YCIENIHO PeIaeT MporpaMMHOEe 0becIevdeHre ITPOMeKY-

tounoro yposHs (middleware).

leitB bakkeH onmmchbIBaeT MMPOMEKYTOUHOE ITPOTPaAMMHOE ObecIriedeHmne
KaK KJIacCC TeXHO.HOI"I/Ifl, IIPU3BaHHBLIX IIOJAEP2KUBaTh CJIO2KHOCTHb M I'eTepo-
IeHHOCTD, TIPUCYIILYIO pacipeeaéHubiM cucremam [4]. leiictBurenbro, 3a
MHOTUMH W3BECTHBIMU POOOTAMU CTOAT PA3JIUIHBIE CUCTEMBI, YITPABJISIO-

mue repudepueil, CTPyKTyPUPYIOMIIE KO U YIIOPSIOYUBAIOIINE IIPOIECC



pa3pabOTKM TPHUIOXKEHUH. 3a9acTyi0 MHCTPYMEHTAPU CO3IaéTCsA UCKJTIO-
YUTEJIbHO JIJIS OJIHON POOOTOTEXHUYECKON CHUCTEMBI, 9TO O0bsICHAET OO0JIb-

o€ KOJIMYECTBO CYIIECTBYIOIMUX CUCTEM IIPOMEZKYTOYIHBIX YPOBHII.

['maBHOE MpEeMMyIIECTBO IPOMEXKYTOYHOI'O IPOrPAMMHOI0 00eCIIeYeH s
— BO3MOKHOCTB IEPENCIOJIL30BAHIA OOJIBIIOI0 KOJNYECTBA I'OTOBBIX KOM-
moHeHTOB. CyIecTByeT MHOXKECTBO HAyIHBIX CTAaTeil, ONMUCHIBAIOIINX MHTE-
pecHble pa3pabOTKHU Pa3J/IMYHBIX JIA0OPATOPHUiA, Pe3yIbTaThl KOTOPHIX pea-
JIN30BaHbI B paMKaxX HEKOTOPOU CHUCTEMbI IMPOMEXKYTOUYHOro ypoBHsA. IIpnu
aJanTanuu Takux cucrteM Juid KouTpossepa TPUK moxuo Oymer ncmosb-
30BaTh 9TU JIOCTUKEHUS ITPU MUHUMYMeE 3aTPAYCHHBIX HA PEAJU3AIINIO YCH-
jmii. Takum o6pa3om, HOSBJIAETCS 3a/1a1a BhIOOPA U aIalITUPOBAHUS HEKO-

TOPOiT TPOMEXKYTOIHON TPOTPAMMHOM CUCTEMBI 1 KOHTpoJiepa TPUK.

Crout OTMETHUTD, 9TO Ha KadeIpe CACTEMHOTO ITPOTPAMMUPOBAHUS Y 2Ke
cymiecTBytoT paboTel o ucnosb3oBarnio ROS (Robot Operating System)
Ha kKoHTposiepe TPUK, ogHako cyIiecTByOT HHTEpPeCHbIE Pa3pabOTKM, OC-
HOBBIBAIOIINECS U HA JIPYTUX UHCTPYMEHTAPUAX, TOITOMY €CTh HEOOXOIu-

MOCTb PacCMOTPETh U JIPYTU€ CUCTEMbI IIPOMEXKYTOYHOT'O YPOBHSI.



1. IlocTanoBKa 3aja4n

Takum oOpa3oM, IeJIbI0 JIAHHON PabOThI SIBJIAETCA MCCJIEIOBAHUE ITPO-
MEeXKyTOIHOTO mporpamMMuoro obecredenus (middleware) pobororexHUKH:
cOop ¥ aHaJIN3 UHAPOPMAIUKA O CYIIECTBYIOIINX BapPUAHTAX, IIOCJIE YEr0 BbI-
paboTKa KpPUTEpPUEB, IO KOTOPBHIM Jlajiee OyIyT OTOOpaHbI U aJAlITUPBAHDI
noaxosmue Ha TPUK.

B xone paboThl 11€/1b ObLIa pa30ouTa Ha II0I3aTa9N:

1. IIpoBecTtn cpaBHEHME CYITECTBYIONX CUCTEM TPOMEYKYTOTHOTO YPOBHS

POOOTOTEXHUKH.

2. PazpaboraTth Kpurepuu Jijis BbIOOpa BapuaHTOB poMezkyTodHoro I10,

KOTOpPbIE OyAyT aJalTuPOBaHbI Jjid KoHTpoJiepa TPUK.
3. AmanTupoBaTh BBIOpAHHBIE CHCTEMBI Ijisi KOHTpoJutepa TPUK.

4. IlpoBectu ampobaluio pe3yabTaToOB aJIANITUPOBAHUSA BHIOPAHHBIX CH-

CTEM IIPOMEZKYTOYIHOI'O YPOBHA.



2. O630p

2.1. TPUK

TPUK (cm. puc. 1) — kubepHETHIECKHIT KOHTPOJLIEP TOJ yIIPABIEHUEM
OIlepaIMOHHOI crucTeMbI ceMeiicTBa Linux, paspadaTbiBaeMblil Ha MaTeMaTHKO-
MeXaHn4IeCKOM (paKyIbTeTe MPenogaBaTeIaMi U CTyJAeHTaMu Kadep Cu-
CTEMHOI'0 TPOrPaMMUPOBAHUS U TeOpeTuvIecKoir kubepHetuku. OH IpeiHa-
3HAYEH JIjId yIpaBJeHus poboTamMu, OECIUIOTHBIMA JIETATETbHBIMU alllla-
paTaMu, CpeJACTBaMU IIePEeJIBUKEHNUsT U BCTpanBaeMbIiMu ycTpoiictBamu. Cy-
mecTByeT Habop O6ubmoTek trikRuntime, MO3BOJISIONINI pPeaIM30BHIBATH
AJITOPUTMBI, UCIIOJb3YIOINIAE KOHTPOJJIED U MOAKJJIIOYEHHYIO K HEMY Iepu-
depuio.

Jlormaeckast Mojiesib poboTa mpeicTaBiena 6ubmorekoit trikControl (cm.
puc. 2), KoTopasi IpegocTaBisieT nHTepdeiic st TpOrpaMMUPOBAHUS PO-
6oToB ¢ momorbio QtScript! wam C++ ¢ ucnombzosanuem Qt. Huzke me-
peuunciaenbl HeKOTopble KJjiaccbl trikControl: Brick — kjiace, orsBeyaro-
Ui 38 KOHTPOJLJIEP, MHUINAJIU3UPYIONINI nepudepuio podoTa 1 JaIOIIuit
K Hel socTyll, Sensor, ServoMotor u PowerMotor — KJiacchl, OTBEYaIOIIe
3a paboOTy C CEHCOpaMM, CEPBOMOTOPAMHU M CHJIOBBIMU MOTOPAMM, COOTBET-
cTBeHHO. KaxK7prit m3 HUX JTa€T BO3MOXKHOCTH ITPOYUTATH WJIM BBICTABUTH
3HAYEHWE, YTO BBITOJHAETCA MyTEM 3alUCH WJIU YTeHUs 3HAUYeHUs B daiie,

OTBEYAIOIIEM 32 COOTBETCTBYIOIEE YCTPONCTBO.

2.2. YARP

YARP (Yet Another Robot Platform) [11] — mabop 6ubaunorek, mpo-
TOKOJIOB U MHCTPYMEHTOB, IPU3BAHHBIN Pa3/ieJIuTh HPOrPaMMHbBIE MOILYJ/IN
u MmexaHnkKy. YARP moszBosisier opranunzoBaTh CB3UW MEXKIY JaTIAKAMH,
IIPOIIECCOPOM U MCIIOJIHUTEIbHBIMHU yCTPONCTBAME, OCTABJIsIsi CUCTEMY CJIa-
00 CBsSI3aHHOM, TIO3TOMY B He€ Jierko BHOCUTH usMmenenusi. YARP cozman ms
rymanongHoro pobora iCub, HO yTBepXKIaeTcst, ITO ero apXuTEeKTypa I03-

BOJIIET JIETKO HAaJIaJIUTh B3aMMOJIEMCTBHUE CO CTOPOHHUM KOJ0M. lMeercd

'http://doc.qt.io/qt-5/qtscript-index.html (nara obpamenus: 21.05.2016)
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Puc. 1: Pobor mwa  6aze  kourpostepa  TPUK. Uctou-

HUK: http://www.pushkin-news.ru/news/2015-09-02/
obuchis-robototekhnike-v-trik-studii/ (mara obpaIeHus:
20.05.2016)

JIOCTATOYHO OOIMIMPHAs JIOKYMEHTAITUSI.
YARP BecbMma m3BecTeH B POOOTOTEXHHMIECKOM COODIECTBE, OJHAKO CYIIE-
CTBYeT MaJjio MH(OPMAIUK O BO3MOYXKHOCTAX €ro paboThl Ha IIaTdOopMax,

otangHbix oT iCub.

2.3. MOOS

MOOS (Mission Oriented Operating Suite)? — kpoccmiardopmennas
cucTeMa MPOMEXKYTOUHOI'O YPOBHs, IpeJicTaBaeHHast HabopoM cjoés: Core
MOOS — cereBas apxXUTEKTypa JJIs IMOJJIEPKKH KOMMYHUKAIIUN TTPOTPaMM-
ubix Mojaysieit u Essential MOOS — nabop npusioKeHuil, UCIOJIB3YIONIAX

Core MOOS. Essential MOOS npemiaraer oOmupHbI HAOOP TPUIOXKEHUIA

*http://www.robots.ox.ac.uk/ mobile/M00S/wiki/pmwiki.php/Main/Introduction (mata obparie-
aust: 20.05.2016)
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Puc. 2: CocraB trikControl. Mcroynuk: https://github.com/trikset/
trikRuntime/wiki/ApxuTerTypa (nara obpamenus: 20.05.2016)


https://github.com/trikset/trikRuntime/wiki/Архитектура
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JIJIsT TATTUIHBIX 33189, HAIIPUMED, JIJIsl YIIPABJIEHUS ITPOIECCaMU, JIOTUPOBa-
HU, 1 MHOTUX JApyrux. [14]

Bospmuacreo kommorerToB MOOS npenHa3HadIeHbI 1151 BOIHBIX BIIOB PO-
00TOB, TTOTOMY AaJANTaIlls €ro JJIs POOOTOB, UCIIOJIB3YIONINX KOHTPOJLIED
TPUK, MoxkeT oKa3aTbCd MeHee IMPOAyKTUBHOHN, YeM aJianTalius JIPYTUX

BApPUAHTOB.

2.4. OPRoS

OPRoS (Open Platform for Robotic Services)? — po6oroTexnudeckas
nmporpaMMHas ILIaT@OpMa JijIsd YIIpaBJeHUsT KOMIIOHEHTAMU, 38 KOTOPBI-
MU CKPBIBAE€TCd KakK allllapaTHOoe obecrleveHre, TaK W PAaCIPOCTPAHEHHBIE
aJTOPUTMBI POOOTOTEXHUKHU. VIMeeT cOOCTBEHHYIO MWHTETPUPOBAHHYIO Cpe-
Iy pa3paboTKu JId CO3JaHUs KOMIIOHEHTOB, POOOTOTEXHUYECKUN CUMY-
JIITOD, & TaKKe CpeJcTBa TecTupoBanust u Bepudukamnuu. [8] Kak u Bo
MHOTHUX JIPYTUX, KOMIIOHEHTHI UCIIOIb3YIOT KJIMEHT-CEPBEPHYIO MOJIETh B3a-
UMOJEUCTBUS, OOMEHUBAACH COOOIIEHUSAMU COTJIACHO TATTEPHY WU3JaTE b
MTOAITACYUK.

K coxamenwnto, mociieiHsIss aKTUBHOCTDh Ha caiite garupyercda 2012 romow,

KpoOMe TOro, CCbIJIKK Ha HCXO,ZLHBII;JI KOl CUCTEMbI HCaKTHUBHBI.

2.5. CLARAty

CLARAty (Coupled Layer Architecture for Robotic Autonomy)? — po-
OOTOTEXHUYECKUIT MHCTPYMEHTAPHUl, CO3JIaHHBIA COBMECTHBIMH YCUJIUSIMU
naboparopun peaktuaoro asuxkenus (Jet Propulsion Laboratory), uccie-
noBaresbekoro nerTpa diimca (NASA Ames Research Center), yuusepcu-
rera Kapuern — Mesion u yausepcurera Munnecorst. [13, 7| ApxurekTypa
CLARAty cocTrouT u3 aByX C10€B: (PYHKIMOHAJILHOIO CJIOA U CJIOS IIPUHS-
Tus pernenuii. OyHKIIMOHAJbHBIN CJION BKJIIOYAET B ceOgA 00IIMe KOMIIOHEH-

ThbI, TaKH1E€ KaK HI/ICprBbIe 1 aHaJIOT'OBbIEC BXOJbI 1M BBIXO/bI, YIIPDaBJICHUE IBU-

Shttps://sites.google.com/a/odm-tech.com/opros/home/about-opros (mara obpareHus:
20.05.2016)

“https://claraty.jpl.nasa.gov/man/overview/index.php (mara obpamenus: 20.05.2016)
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JKeHIeM, KOMIIbIOTEPHOe 3pEeHIe, HABUTAIINSI, [IOCTPOEHIE KAPT, ILJIAHIPOBAa-
uue mwytr. CJIoil TpuHITHS pelIeHni 3aHnMaeTca cOOpoM HH(MOPMAIIAN O pe-
cypcax u coctossHuu cucreMmbl. OH 00beIUHAET 110 COOOI TIJTAHUPOBIINKY 1
X 9BPUCTUKH, UCHOJHUTE e, 0a3bl AelicTBuil. Cjiou B3aMMOIEHCTBYIOT 110
KJINEHT-CEPBEPHOIN MOJIe/IU, UCIOJIb3Ysl IMaTTePH M3IATe Ib-IIOIIMINCINK J1JIsI
oOMeHa COODITIEHUSIMA.

Hecmorps ma Bcio nmpuBiekaresbHOocTh CLARAty, yacTs Momysteit siBstioT-

Csl MPOTIPUETAPHBIMH, YTO YMEHBIIIAET IIEHHOCTD €€ aJIalITUPOBAHUSI.

2.6. MIRO

MIRO® — 06beKTHO-OpHEHTHPOBAHHAA CHCTEMA TPOMEKYTOTHOTO YPOB-
H¢l, TPU3BAaHHAA YIPOCTUTH yIpaBJeHNE MOOMIBHBIMU poOOTamu. Y TBEP-
xKnaercs, uto MIRO ycrenrao ncnob3yeTcst B HECKOJIBKUX TPOEKTAX C TI0-
TPEOHOCTHIO B ABTOHOMHOM YITPABJICHUT MOOUIbHBIMU POOOTAMU, TAKUX KaK
ITOCTPOEHNE KapThl OKPYZKAIOIIEro MPOCTPAHCTBA, JIOKAIN3aIuN ceds B Hell
v HaBuranuu. [12, 9]

K coxamenuio, ounumaabHblil CAliT JI0JIT0e BpeMs HEJIOCTYIIeH W aJIbTep-
HaTUBHOU JoKyMenTarun HeT. [lo 3rToit npuunne MIRO He MoxkeT ObITh

BBIOpaHa i1 ajanTtanuu Ha KouTposiep TPUK.

2.7. ORoCoS

ORoCoS (Open Robot Control Software)® — mMomyabHbIN HHCTPYMEH-
Tapuil JUI yIIpaBjaeHust poOOTaMu, KOTOPBIA IIPeIocTaBiIsIeT HHPPACTPYK-
TYPY U HEKOTOpPbIE TOTOBbIE KOMIIOHEHTHI JIJIsi HATIMCAHUS TPUJIOKEHUN Ha
C++. MokHO BBIOpaTh KOMIIOHEHTHI, HAIIMCAHHBIE COOOIIIECTBOM, MJIN HAIIK-
catb cBou. Cpean mpuioxkenuit, ncnoab3yiomux ORoCoS: orciexxkuBanue
aBuKeHus B 3D, cucrema aBTOHOMHOI'O YIIPaBJICHUS aBTOMOOUJIEM U EIIE
HECKOJILKO ITPOEKTOB. [6]

ORoCoS HECKOJIBKO OTINYaeTcd OT OOJIBIIMHCTBA OCTAJJIbHBIX CHCTEM IIPO-

*https://github.com/hhutz/Miro (mara obpamenus: 20.05.2016)
Shttp://www.orocos.org/ (mara obpamennus: 20.05.2016)
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MEZKYTOYHOI'O YPOBHA OTCYTCTBUEM CUMYJIATOPA 1 BO3MO2KHOCTU KOMMYHU-

Kalluy KOMIIOHEHTOB, 3allyII€CHHbIX Ha Pa3HbIX MalllMHaAX.

2.8. URBI

URBI (Universal Real-time Behavior Interface)” — po6ororexnudeckas
nporpamMmMHas miardopma, paspadboranuas Kommuauueit Gostai. Braogaer
B ce0s MmapaJijiebHbII COOBITUIHHBIN A3bIK urbiscript, ¢ MOMOIIBIO KOTO-
poro MoxkHO ympapyarh Komronentamu (UObject). CoBmectuma ¢ ROS u
cumysisitopom Webots. [3]

Ha odurnmasbaom caiite kommanuu (Gostai oTcyTCTBYIOT pabodne CChLIKU
Ha JokyMmeHTaruio n Ha ucxoaublit kKoa URBI, mo stoit npuunHe B naibHei-

1meM 1iaTgopMa He Obla PaccMOTPEHA.

2.9. OpenDaVINCI

OpenDaVINCI® — xoMmakTHas CHCTeMa IPOMEKYTOIHOTO YPOBHS, Ha-
nucanHass Ha craHgapTHoM C+-+. OHa mMeeT BCTPOEHHBIE BO3MOXKHOCTHU
MapaJIIEIbHOTO TPOrPAMMUPOBAHUS, T/I€ MEXKITPOIIECCHOE B3aAMMOIEHCTBIE
pean30BaHO TIOCPEICTBOM HUCIIOJB30BAHUS Pa3JesIsdeMOi MaMATH U CeMa-
dopos. Ectb BcTpoeHHbIe cpeicTBa CUMYJIAIINN U Bulyajau3sanuu. MacTpy-
merTapuiit OpenDaVINCI mo3BoJisieTr Tpou3BOIUTh BBHIYUC/IEHUST B PEAJIb-
HOM BPEMEHU.

Bosmoxuocru OpenDaVINCI akTuBHO IPUMEHSIOTCS B IIPOrPAMMHUPOBa-
HIY GECTTMIOTHBIX aBTOMOOMIIEH 5] 1, HECMOTpST Ha TO, ITO CHCTEMa BECHMA,

HOBagd W IIyOJUKAIWil O Hell MaJio, OHA ITPEJICTaBJIAET OOJIBIION WHTEPEC.

2.10. MAVLink

MAVLink (Micro Air Vehicle Link)? — serkosecnas header-only 616-
JIMOTEKa 0OMeHa COODITEHUSIME JIJIsT OECIUIOTHBIX JIETATEbHBIX aIlllapaToB

(BILJIA). Ona peanusyer 3ddekruaoe B3ammopeiicteue BILJIA mex iy

"http://www.gostai.com/products/urbi/ (mara obpamemnnsa: 20.05.2016)
®http://opendavinci.cse.chalmers.se/www/ (nata obpamenus: 20.05.2016)
Yhttp://qgroundcontrol.org/mavlink/start (mara obpamennus: 20.05.2016)
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coboit M ¢ Ha3eMHO# cTaHIMell yrpaBjeHus. K coxkajieHUo, ceifiyac B Jia-
oboparopun 6ubanorekn yupapierust BIIJIA He Tak akTyaJibHBI, KaK IIPO-
MEXKYTOUHOe IIPOrpaMMHOe obecliedeHne Jijisi Ha3eMHBIX POOOTOB, OIHAKO
ucronb3oparue MAVLink ¢ korarpostepom TPUK moxkeT crarh mepcrek-

TUBHBIM HaITpaBJIEHUEM JIJId OyIIyIeil paboTHI.

2.11. Skilligent

Skilligent — KomMepUecKasi poboTOoTeXHIIECKasl I1aTdopMa, B paMKax
KOTOPO# pean30BaHO MHOXKECTBO KOMIIOHEHTOB, TAKIX KaK PACIIO3HABAHUE
pedn, aJrOPUTMbI KOMIIBIOTEPHOI'O 3PEHMsI, KOOPANHAIINS JIBUKEHUsT 1 Ma-
IMITHHOE O0yJeHue.

Hecmotpst Ha 60/IbIII0E KOJTMIECTBO NOTOBBIX KOMIIOHEHTOB, 1iaTdopma Skilligent
HE MOXKeT OBbIThb MCIOJIb30BaHUS 10 IIPUYUHE TOr0, YTO OHA SBJISIETCS KOM-

MEPYECKUM HPOILYKTOM.

2.12. Player

Player!” — cereBoii cepsep mjig ympaBieHusS POO6OTOM, KOTOPEBIH ITpeJio-
CTaBJIAET TPOCTOI MHTEP(dEHC /111 B3auMOJAEHCTBUASA C CEHCOPAMU U UCIIOJI-
HUTEJbHBIMEU ycTpoiicTBamu pobota mo IP-ceru. KimeHnTckue mporpamMmbl
ucnosib3yoT TCP-cokeT i1 moiydeHus: JaHHbBIX C JJaTIUKOB, TIEPeIavdn KO-
MAaHJT MCIIOJTHUTEJIbHBIM YCTPOUCTBAM U KOH(MUTYPUPOBAHUA 000Dy TOBAHUS
Ha Jery. Player mommepkuBaeT HECKOJIBKO POOOTOTEXHUYECKUX CHUCTEM U
MHOKECTBO PACIPOCTPAHEHHBIX CEHCOPOB; YTBEPKIAETCS, 9TO €TI0 MOJLY/Tb-
Hasl apXUTEKTypa IMO3BOJISIET JIETKO J00aBJSATh MOJIEPKKY HOBBIX. 3alTyc-
kaercs Ha Linux (PC u embedded), Solaris u *BSD. [17]

Ha caiiTe ecTh OrpOMHBII CIUCOK OpPraHU3aIldil U3 CTPaH 110 BCEMY MUPY,
ucnoJb3ytomumx Player mia cBoux ucciienqoBanuii, Ho Poccun cpenu HuX eré

HeT.11

Vhttp://playerstage.sourceforge.net/ (mara obpamenns: 20.05.2016)
Uhttp://playerstage.sourceforge.net/wiki/PlayerUsers (nata obpamenus: 20.05.2016)

13


http://playerstage.sourceforge.net/
http://playerstage.sourceforge.net/wiki/PlayerUsers

2.13. ROS

ROS — wmaubosiee momysisipHasi Ha JaHHBIE MOMEHT CHUCTEMa ITPOMEKY-
TouHOro ypoBHs. OHa IpeaocTaB/sgeT HU3KOYPOBHEBOE yIIpaBJIeHNEe JATIN-
KaMI W [IPUBOAAMU, PEAJTU3AINI0 TUINIHBIX IS POOOTOTEXHUKN AJITOPUT-
MOB, Ilepeaady COOOIIEHU MeXKIy MIPOIecCaMM M YIpaBJIeHNe IaKeTaMMU.
ROS cocrout u3 y3710B, COOOIIIEHNIT, KOTOPHIMI OHI OOMEHUBAIOTCA ITOCPE]I-
CTBOM OJJHOPAHTOBO CETH M TONMKOB'? 1117 06MeHa COODIICHUSMH.

B nanbueiimeit pabore ROS He Oyaer paccMOTpeH, MMOCKOJBKY Ha Kademape
CHCTEMHOTO TIPOTPAMMUPOBAHUS CyIecTByeT jBe paborsr [19, 18], mocBs-

IMEHHBIE 3amycKy U ucrnosb3oBanuio ROS wa koutposuiepe TPUK.

Phttp://wiki.ros.org/Topics (mara obpamenus: 16.05.2016)
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3. CpaBHeHue

3.1. Kpurepun

B pesyibrare mpodrenusi 0630pHbix crareii [10, 16, 15] u npu Gnxkaii-
IIeM paCcCMOTPEHUH BAPUAHTOB ObLIH CcOPMYJINPOBAHBI KPUTEPUH I BbI-
SABJICHUS HAMOOJIee MOIXOAAIIETO IIPOMEXKYTOYHOIO IIPOIrPAMMHOTO 06ecTIe-

JeHus I aganTanuu Ha KonTpossep TPUK:
1. OTKpBITHI UCXOIHBIN KOJI.
2. Ilonnepkka CUMYTATOPOB.
3. Pacnpenenénnas apxuTeKTypa.

4. TomynsipHOCTD (KOJMYIECTBO CTATEH, YIOMUHAIOMIAX JAHHYIO CUCTEMY

TPOMEKYTOUHOTO yPOBHSI).

5. Ilommep:kka (zLaTa BBIXO/1a IOCJIe/THE BEPCUN UJIU TOCJIeJHEN PEeBU3NU

B crCTeMe KOHTPOJISI BEDPCHiA).

6. ['oroBbIE KOMIIOHEHTHI (HEOOXOAMMBIE IO MHEHUIO yIACTHUKOB JIabO-

paTopuu pOOOTOTEXHUKHM ).

7. IlepenocumocTh (1O KOJIUYECTBY IIAT(OPM, Ha KOTOPBIE yiKe ObLI

BBITIOJTHEH TIEPEHOC JAHHON CUCTEMBI TPOMEXKYTOYHOTO YPOBHS ).

[Tpu ux npumenenun 6bLIa Oy YeHa Tabsuma (cMm. Tabm. 3.1)

3.2. Br16op npomexxxytounoro 110

Ucxonga n3 Tabmuiibl, Hanbosiee MePCIeKTUBHBIM BAPUAHTOM JIJIS TTOIBI-
TOK ajantupoBanus jjd miaardopmbl TPUK apigerca cucrema mpome-

)KyTounoro ypoBHsa Player. Bosbiiioe KosmmdaecTBO craTeil, JTOKYMEHTAITUN
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S | T | a = oS =
Player Ha | Ha | Ha | >10000 | 2010 | pabota ¢ ka- | >100
Mepoi, Kap-
TaMH, 3BYKOM
MIRO Ha | Ha | Ha 944 | 2015 | pabora ¢ Kap- -
TaMW, HaBU-
raIst
CLARAty Ha | Ja | da 878 12014 | - >10
OPRoS Ha | Ha | Ha 373 2012 | pabora ¢ ka- | >10

Mepoi, Kap-
TaMU, 3BYKOM

ORoCoS Ha | Her | Her | 1730 | 2012 | pabora ¢ kKa- | >5
Mepoii, Kap-
TaMu

Skilligent Her | Her | /a 47 - | pabora C -
KaMepou,
3BYKOM,
MaIlTTHHOE
obydeHune

YARP Ha | Ha | Ha 857 | 2016 | pabora ¢ Ka- 9
MEpOoM, Kap-
TaM#, 3BYKOM

MOOS Ha | Ha | Ha | 1260 | 2015 | pabora ¢ Kap- -
TaMu
URBI Ha | Ha | Ha | 1070 - |- -
OpenDaVINCI | Ha | Hda | Ha 14 2016 | becmyoTHBIE 6
aBTOMOOMJIH
MAVLink Ha | da | Ha 294 | 2016 | 6ectimyiorubie | >10
JieTaTEJIbHbIE
armapaThbl

Tabmumna 1: CpaBHUTEIbHAS TAOINIA CUCTEM IIPOMEXKYTOIHOI'O YPOBHS.
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1 yKe HAIIUCAHHOIO JOCTYITHOTO B CETH KOJa ITO3BOJIUT YCIIEIIHO aJIaIlTH-
poBaTh €€ Jaxke ¢ y4ETOM TOrOo, UTO y2Ke J0JI'0e BPeMsi OOHOBJICHUI He
IIPOUCXOJINT.

Kpome Player, uarepec mnpejacrapiisieT CUCTEMa IPOMEXKYTOYHOI'O yPOBHSI
OpenDaVINCI, Tak Kak OHO IpegOoCTaB/IgeT UHTEPECHbIE BO3MOXKHOCTY Ha-
BUTAIUN /I OECIIMIOTHBIX aBTOMOOMJIEH 110 TIpaBUJIaM JIOPOKHOTO JIBUKE-
Husg. OHO BechbMa HOBOE, OIHAKO CYIIECTBYET HECKOJIbKO HHTEPECHBIX €ro
IIPUMEHEHU B MOJIeJisiX OeCIMJIOTHBIX aBTomoOumieil. Bmecte ¢ Tem daxk-
TOM, 4TO ceityac B Poccun u Mupe HaOUPAIOT MOIYJIIPHOCTb COPEBHOBAHUS
6ecrimytoTHbIX aBTomobueii [1, 2|, BoamoxkuocTu OpenDaVINCI moryT oka-

3aTbCAd O4Y€HDb IIOJIC3HDI.
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4. OnucaHue perreHus

4.1. Apanramus nacrpymeHTapus Player n/ist KoHTpOJI-
aepa TPUK

Cucrema mmpomeskyTodHOr0 ypoBHs Player coctouT us cepsepa, 3amycka-
IOINErocs Ha poboTe, W MPUKJIQTHBIX TPOrPAMM, KOTOPBIE 3aITyCKAIOTCs T10-
Bepx Hero. CepBep BKJIOYAET B cebsl JIpaiiBephl, peaanu3yoline Kak padoTy
¢ anmapaTHBIM obecliedeHreM podOoTa, TaK U PACIIPOCTPAHEHHBIE AJITOPUT-
MBI, UCIIOJIb3YIOIINE 3T JaHHbIe. [[oydnTh JOCTYI K JTaHHBIM JIpaiiBEpOB
MOKHO C TTIOMOIIIbIO ITPOKCH.

Pabora ¢ manuabimu B Player peasinzoBana ¢ moMoOIIbio uwmepgdeticos u dpati-
eepos (cm. puc. 3). MuTepdeiichl OmpesessitoT TUITBI U COJIEPIXKAHUE CO0D-
IIEeHNI, KOTOpbIe Oy/eT 06padbaThiBaTh M T€HEPUPOBATDH IpaiiBep, TaKKe He
IIPEJICTABJISIETCS CJIOXKHBIM JT00ABUTH HOBBIM mMHTepdeiic Ipu HEOOXOIMMO-
ctu. JIpaiiBepbl MOTYyT peaM30BBbIBATL OJIMH WM HECKOJHKO MHTEP(MEcoB
¥ MOTYT OBITh KaK CTATHYECKMMHE (KOMITMINPYIOTC BMecTe ¢ Player), Tak u
IIOCTABJISTHCA KaK IIaruHbl K HeMy. OOBIYHO ApaiiBep CO3HMaETCA JIMOO J1JIs1
KOHKPETHOW POOOTOTEXHUIECKO MJIaT(OPMBI (1 IOCTABJISIET BCE HEOOXO U~
Mble eif mHTepdeiick), b0 peasnsyer HEKOTOPBIH aJTOPUTM HAT JAHHBIMI
APYIrux ApaiBepoB.

Player Boigesnsierca cpeu octajabHOro npomexkyrodnoro 1O kommdecTBOM
m1aTOpM, Ha KOTOPBIX OH UCITOJIb3yeTcsd. [loaToMy mepBbIM 1Tarom HeoOXo-
JTUMO OBLTIO HAWTH rOTOBBIE JIpaiiBepbl, crtocobubie paboraTh ¢ TPUKoMm nn
ero niepudepueii. TakoBbiM oKa3aJicad cameralUVC — apaiiBep, peau3y ot
B3anmozeiicteue ¢ USB-kamepoit. OH ObLI 3amyIiieH Ha KOHTPOJLIEPE; C II0-
MOIIHIO YTUJIUTHI playerv, MOCTABJIAIONIENCS BMECTe C MHCTPYMEHTapueM
Player m mpesioctaBisioneil Bu3yaan3amuio JaHHBIX C JIATYUKOB, M300pa-
JKeHUe KaMephbl, IMOJIKJIIOUYEHHON K KOHTPOJLIEPY, OBLIO BBIBEICHO Ha SKPaH
HOyTOyKa (cM. puc. 4). Jlamee noBepx mpaiiBepa cameraUVC ObLI yCITEITHO
samyien apaiteep CMVision (Color Mashine Vision), mossosistromuii pac-
MO3HATH Ha W300payKeHUN MOHOXPOMHbBIE 00BEKTHI (cM. puc. 5). HyxkHo or-

METHUTb, YTO, B OTJIndue OT anroputMmoB Bujeospenus TPUK, CMVision
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MIOJIy4aeT JI000€e 9UC/I0O OOBEKTOB 3aJaHHBIX IIBETOB.

OgHaKo, J1J1s1 TOTO, 9TOOBI ITOJTHOIIEHHO UCIT0JIh30BATH AJITOPUTMBbI, PEAIu30-
BaHHBIE B cucTeme Player, HeoOX0AUMO MMeTh MUHUMAJIbHBI HAOOP MHTEP-
deiicoB, TOITOMY OCHOBHOI YacTbi0 PabOTHI HAJ AJANTUPOBAHUEM CTaJIa
peasmm3anus japaiisepa g poooroB TPUK, peanusytomero natepdeichr
position2d!® (ympasienme mepemeriennem IByXKoJIECHOTO poboTa ¢ mud-
depeHImaJbHbIM IIPUBOIOM, & TaKKe JIOKAJbHas HaBUTAIIMS — OIIpejiesie-
HIE ero MeCTOIIOJIOXKEHUSI OTHOCHUTEJIbHO TOYKH CTapTa C IMOMOIIBIO TEKY-
meif CKOpOCTH U MOKa3aHmil rmpockomna) u ranger'® (o6paboTka IaHHBIX
¢ mH(MPaAKPACHOIO JAaTYMKa PACCTOSHHsSI — JIETKO MOXKeT ObITh O0OOOIIEH
JIUTsT JTA3€POB U YJIBTPA3BYKOBBIX JATYUKOB). DTH JpaiiBepbl ObLIN Peasiu-
30BaHbI IMIyTEM HacJIeIoBaHUA OT 6a30BOro kKjacca ThreadedDriver, mme-
forerocss B Player. /I oO0paboTku cooOIieHnit ObLT IIepeoIpeieiéH MeTO.T
ProcessMessage /i KaxKJ0ro mMHTepdeiica, a OTHpaBKa JaHHBIX CEpBe-
py (Player server) BBINOJHSIACH ITOCPEJICTBOM HCIIOJb30BAHUS METOJIA,
Publish. /1 B3auMoaeiicTBUS ¢ MOTOPAMHU U JATIYUKAMH PACCTOSHUS PO-
060Ta MCIIOJIb30BAJINCH BO3MOXKHOCTU Habopa 6ubianorek trikRuntime, pas-
pabaTbIBaoIerocs Ha Kadeape CuCTeMHOT0 mporpaMmupoBanusd. [Ipu srom
KJjacc Brick, orBevaromuii 3a paboTy ¢ KOHTPOJLJIEPOM B II€JIOM M A0
JOCTYTI K Tepudepruu, MHCTAHIIUUPYETCs B OTIeIbHOM rmoToke. Oo6paborka
COOBITHI THPOCKOIIA TaKKe IMPOUCXOIUT B OTAEJIbHOM MOoTOKe. CHHXPOHU-

3allisl TTOTOKOB IIPOUCXOIUT C IIOMOIIBIO ceMadOpoB U (PJIaros.

4.2. Anpobarust

g anpobanuu nHcTpyMeHTapus Player ma kouTposiiepe TPUK 6bI-
JIa BbIOpaHa 3aja49a CJIeJIOBaHUS 38 MOHOXPOMHBIM OObEKTOM C U30eranueM
npenstcTBuii. C momoribio japaiiBepa cameraUVC ObLIO TTOJTyYeHO U300pazKe-

ure USB-kaMepsl, Ha KOTOpOM cpejcTBaMu JApaiiBepa CMVision jgeTeKTupy-

Bhttp://playerstage.sourceforge.net/doc/Player-cvs/player/group__interface_
_position2d.html

Yhttp://playerstage.sourceforge.net/doc/Player-cvs/player/group__interface__ranger.
html
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[ Your Code I

ROBOT
I
[ Proxies
I Player
Server
[ Drivers
*.

I

[ Hardware ]

Puc. 3: Apxwurekrypa wuncTpy™mMentapusi Player. Wcrounuk: http:
//playerstage.sourceforge.net/doc/playerstage_instructions_
2.0.pdf

o PlayerViewer 192.168.0.103:6665 - + X
File View Devices

Puc. 4: 300paxkenne KaMepbl, MOJIKJIIOUYEHHOM K KOHTpoJepy TPUK, BbI-
BeJIECHHOE Ha dKPaH HOyTOyKa
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b PlayerViewer 192.168.0.100:6665 — + X
File View Devices

Puc. 5: O6bekT 33/ 1aHHOTO 1IBETA, PACIIO3HAHHBIN HA M300paKeHNU KaMepbl

erca oObeKT 33JaHHOIO IIBeTa. Bplia HammrcaHa mporpammMa Ha ga3bike C-++,
IIOJIY YaI0Iasi KOOPAUHATHI IIeHTPa 00beKTa mocpeacTBoM Blobf inderProxy15
U OCYIIECTBJSIONIAas NepeaBuKeHrne poboTta mocpenactBom lI-perymaropa.
YupaiieHre poOOTOM KCIIOJIB3YeT JIBa JpaiiBepa: trik, maromuii BO3MOXK-
HOCTH YIIPABJIATH MOTOPAMHU U TIOJyIaTh JTaHHBIE OT JATUYNKOB PACCTOSHUSI
u vfhlG, OCYIIECTBJISIONINYN n30eranue MpensiTCTBUM.

[Tpu aBTOHOMHOI paboTe JieTeKInsT OOBEKTOB IIPOUCXOJIUT Ha IEHTPAJILHOM
IIPOIIECCOPE KOHTPOJLIEPA, 00pabOTKa COODIIEHU JI1si MOTOPOB IPOUCXOIUT
Jale oOpadbOTKM KaJIPOB, IOITOMY POOOT HEJOCTATOYHO OIIEPATUBHO pearu-
pyeT Ha 1epeMerieHne oobekTa. B cramapTHON peaJsim3alniiy aJropuTMOB
Buieo3penusi TPUK obpaborka Buaeo mpoucxomaut Ha DSP-comporieccope.
B ciygae ke ¢ Player nmocrarounoit ckopoctu o6pabOTKM MOYKHO JOCTUT-
HyTb, 3arrycTuB CMVision oT/ieTbHO Ha 0OJIee MOIITHOM KOMIbIOTEPE, TIepe-

JaBasi KaJIpbl ¢ KOHTPOJJIEpa mocpeacTBOM mpoTokosa UDP.

Bhttp://playerstage.sourceforge.net/doc/Player-cvs/play/classPlayerCc_1_
1BlobfinderProxy.html (sgara obpamenns: 21.05.2016)

Yhttp://playerstage.sourceforge.net/doc/Player-2.0.0/player/group__driver__vfh.html (ja-
Ta obpaenus: 21.05.2016)
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SaKJII0OUEeHUeEe

B pamMkax paboTbl ObLIN MOJYYEHBI CAEIYIONINE PE3YIbTATHI.

1. IIpoBeneno cpaBHeHHE CyMIECTBYIOIIETO ITPOMEXKYTOTHOTO TTPOTPaAMM-

Horo obecrieyenusi (middleware) po6oTOTEXHUKMY.

2. BoipaboTanbl KpuTepuu Jijisd BBIOOPa TPOMEXKYTOTHOT'O IIPOTPAMMHOTO

obecriedenns, KOTOpoe ObLIO aJalTUPOBaHO T KoHTposiepa TPUK.
3. Nucrpymenrtapuii Player agantuposan st KonrpoJiepa TPUK.

4. TlpoBenena ampobarnus pe3yIbTaTOB aIAITUPOBAHUSA CUCTEMBI ITPOMe-

)KyTounoro yposada Player misa kornTposnepa TPUK.
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