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POBOT «CEPBOCHJIA UH)KEHEP»: PABPABOTKA CEPBEPA IIEPEJIAYN
BUJIEOTIOTOKA U UHTEP®ENCA YIIPABJEHMA MO ®PEHMBOPK ROS

Ilpeocmasnena paspabomra npoepammuozo odecneuerus (I10) 0ns ynpasnenus u nepedayu
BUOEONOMOKA € Kamep poCcutickozo 2ycenuynozo poboma « Cepgocuna Huscenepy. Onucvigaiom-
ca y3abl poboma, e2o mexHuueckue Xapakmepucmuri, XapaKmepucmuKku onepayuoHHoll cucne-
Mmbi, ocobennocmu ecmpoernozo APl u 110, npomokon 0annvix Ons ynpasienus pobomom u ezo
menemempuu, U NEPEHUCTAIOMCA HEOOCMAMKU CUCEMbl U NPOMOKONA, KOMOopble COenanu Heoob-
xooumou paspabomky cobcmeennozo I10. Ilpu nomowu paszpabomannozo 110 nonvzosamens
MOdicem ynpasisims poobomoMm, He ucnonw3ys oxcoticmux. Paspabomannoe 110 cocmoum uz o6u6-
JIUOMeEKU YOaIeHHO20 Ynpaesienus u spapuueckozo unmepgeiica noavzosamens (GUI) ons ynpas-
JaeHus pobomom. bubnuomexa noodepowcusaem pabomy ¢ pob6OmMomexHuuecKolu onepayuoHHOU
cucmemoti ROS. B cmamve onucvlgaemces cocmag u g3aumooeticmaue mMooyiei papabomantozo
110, a maxaice noopobHo onucvleaemcs apxumexmypa oubnuomexu yoaneHHo2o ynpasneus. /s
KOppekmHo20 ynpaeienus pobomom uz @peimsoprka ROS, komanowvl ons ynpasenenus pobomom
OdondtcHbl nooasamucs 6 cucmeme CHU. [{ns smoeo 6vi1 nposedeH pad IKCHEPUMEHNO8 NO BbIUUC-
JIEHUI0 Napamempos npeobpa3o8anus TUHEHbIX U yenogwix ckopocmeti. ROS-npoepamma noseonsa-
en YOaneHHO UCNOAb308amb pO6OMA, YMO NAAHUPYEMCs 3A0eliCIB808ANtb 8 PEXCUME A8IMOHOMHO-
20 NIAHUPOBAHUSL MAPUPYMA POOOMA U €20 UCNONb30BAHUS 6 3a0aAUAX A8MOHOMHO20 0OHOBDe-
Mmenno2o kapmoepaguposanus u noxkamuzayuu (SLAM). Boir cozoan ROS-naxem, nossonsrowuii
He3a8UCUMO 3aX6aMbIBAMb 6UOE0 ¢ Yemvipex pasnvix kamep poboma «Cepsocuna Huoicenepy.
Kongueypayua u nonyuenue ucxoonvix OGHHbIX ¢ Kamep OCyWecmensiemcs npu nomowu oubauo-
mexu V4L2 (Video for Linux 2). Memoo npoeyuposanus 6ygepos ycmpoucmea 6 namsns npuio-
JHCEHUSL NOBLICUIL NPOU3BOOUMENLHOCTb, YCIMPAHUS USTUUWIHIE KONUPOBAHUA. B cmamve 0emoncm-
PUDYIOMCSL pe3yIbmamsl CpasHeHus: papabomanHo20 NaKkema ¢ Cyuecmsayiowum naKemom, 0CHO-
sannom Ha 6ubruomexe OpenCV. [lpu smom co3danuwiti nakem pabomaem ¢ pasiudHbIMu Gop-
mamamu uzobpadicenuii u e sasucum om OpenCV. Ilo pesyrbmamam dKCnepumMeHmanbHbix cpag-
HeHUll Npo2pamMMHbIX OUOTUOMEK NPU PA3IUYHOU HaAcpY3Ke OblaU COeNaHbL 8bIB0ObL O CYUECEEeH-
Hom cHudcenuu Haepysku Ha CPU npu ucnoavzosanuu paspabomanno2o naxkema.

Ipoepammnoe obecneuenue; nepeoaua sudeonomoxa; V4L2; pobomomexnuueckas onepa-
yuonnas cucmema ROS; OpenCV; mobunvhoiil pobom; eycenuunwlii pobom; API.
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ROBOT SERVOSILA ENGINEER: DEVELOPMENT OF VIDEO STREAMING
SERVER AND CONTROL SYSTEM GUI FOR ROS FRAMEWORK

This paper presents the development of software for control and video streaming from the
cameras of Russian crawler robot Servosila Engineer. The technical characteristics of the robot,
the characteristics of its operating system, the built-in API and software of the robot, a data proto-
col for controlling the robot and its telemetry are presented in the article. A user can control the
robot without using the joystick with the developed software. The developed software consists of a
remote control library and a graphical user interface (GUI) for the robot control. This library
supports work with robot operating system ROS. The paper describes the developed software
modules and their interactions and describes in detail the architecture of the remote control li-
brary. For correct control of the robot from the ROS framework, commands for controlling the
robot should be submitted to the SI system. There are a series of experiments of calculating the
transformation parameters of the linear and angular velocities. ROS-program allows you to re-
motely use the robot, which is planned to be used in the autonomous route-planning mode of the
robot and its use in tasks of autonomous simultaneous localization and mapping (SLAM). ROS
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package was created that allows to independently capture video from 4 different cameras of the
robot. The configuration and acquisition of the initial data from the cameras is carried out using
V4L2 (Video for Linux 2) library. The method of projecting device buffers into application memory
increased performance by eliminating unnecessary copying. Created package is compared with an
existing package based on OpenCV. The created package works with various image formats and
does not depend on OpenCV. Based on the results of experimental comparisons of software librar-
ies under different operating conditions, conclusions are drawn about a significant reduction in
CPU load when using the developed package.
Software, video streaming; V4L2; ROS; OpenCV; mobile robot; crawler robot; API.

Benenune. B HacTosee BpeMs MOOMIIBbHBIE POOOTHI BCE Yallle UCIIONB3YIOTCS JUIs
pelleHus HIMPOKOro CIEKTPa 3ajad — OT COLMAIILHOTO B3auMO/IecTBUS ¢ yenoBekoM [1]
JI0 OMACHBIX MMOMCKOBO-CIacaTeNbHbIX onepanuil [2]. CoBpeMeHHBIE MOOWIBHEIE POOO-
ThI MOTYT paboTaTh BHYTPU MOMEIICHUI M Ha OTKPBITOM MECTHOCTH, HO TpeOyoT 3¢-
(eKTHBHON CHCTEMbl aBTOHOMHOI HaBUTAIlMM B HEM3BECTHOM OKPY)KEHHH, Il HEBO3-
MOJKHO HCIIONIb30BaHHE cucTeM rinobansHoro mosununonupoBanus [JIOHACC, GPS u
apyrux [3]. Taxxe poboTy TpeOyercs Oonblas BEIYHCIUTENbHAS MOIIHOCTD JUIS OCY-
LIECTBJICHUS] PaOOTHI AJITOPUTMa OJHOBPEMEHHOMW JIOKAJIU3AlUU U KapTorpadupoBaHHs
(SLAM) [4], BO3MOXXHOCTH Tiepeadn HHOOPMAIMH MEXITy poboTaMu [5]  HaBBIKH KO-
MaHIHOTO B3aMMOACUCTBUS C APYruMH podoTamu [6]. OQHON U3 KIFOYEBBIX ()YHKITHIA
Ha3eMHBIX TYCEHHYHBIX pOOOTOB SBIISETCS WX HCIOJIb30BAaHHE B  ITOHUCKOBO-
criacaTesbHBIX OllepalysiXx B TOPOJACKUX YCIOBHUSX [7], 0COOEHHO B CHUTyalusiX, Korja
MIONCKOBO-CTIacaTeNIbHasl ONEepaIys IMPOUCXOJUT B OMACHBIX YCIOBHSAX W MMEETCS II0-
TEHIMaJbHasg Yrpo3a >KU3HU U 3I0pOBBIO criacaTesneil (HalmpuMmep, OCYIIEeCTBIEHHE IO-
HCKa MOCTPaJaBIINX B 3JaHUSIX C ONTACHOCTHIO OOPYILICHHS ).

B nmanHOI paboTe B Ka4ecTBE MOMCKOBO-CIACATEIBHOTO poboTa OyIeT pacCMOTpEeH
poccuiickuii TyceHuuHbIii poboT «CepBocuna Mmxenep». OH 000pynOBaH YETHIPHMS
KaMepaMy U MMeeT KJIIMCHT-CEPBEPHBIN MPOrpaMMHBIA HHTep(ENC Al yIpaBiIeHus po-
60TOM, MO3BOJISAIOMINI MPONU3BOAUTE IIOCIIEOBATEIBHOE MEPEKIIOUCHNE MEXIY BCEMH
KaMepaMH B IIpeJocTaBisieMoM rpaduueckom narepdeiice nonszosaresns (GUI); ognako
BO3MO>KHOCTH OJTHOBPEMEHHOTO TOJTY4EHHS BUJEO JAaHHBIX CO BCEX YETHIpEX Kamep OT-
cyrcTByeT. B cocraB BcTpoeHHoro nporpammuoro obecredenus (I10) pobora Bxoaut
GUI, xoTopsIii mMO3BOJIAET PadOTATh TOJIBKO B NPOCTOM DPEXHME TEIEONepary C HC-
MOJIb30BaHUEM JKOHCTHKA U MHPOPMAIMU ¢ OJHON Kamepsl poboTa win 3D-oukoB. Ilo-
9TOMY HaIlla 3aj1a4a 3aKiroyanack B pazpadotke [10 ¢ Bo3MoxHOCTBIO HHTETparmu ¢ ROS
JUTSL YIIpaBIICHUST pOOOTOM 0e3 MCIoIb30BaHms pKovicTiKa. B ROS peanmzoBano MHOXKe-
CTBO QJTOPUTMOB JIOKAIM3aI[MM, TOMCKAa MaplIpyTa, pacrno3HaHus o0vekToB, SLAM u
OPYTUX ajaropuTMoB. VIMEHHO mMo3TOMy OMONIHOTEKa A YOaJeHHOTO YIpPaBICHUS
JI0JDKHA UMETh BO3MOXKHOCTbH ynpasiieHus uepe3 ROS, a ne Tonbko uepes GUI [8].

3axBaT BHJCOIIOTOKA C KaMep poOoTa SBISETCS BaKHON 3afadyei 1id MHOTHX Iie-
JIel, HampuMmep, U OCyIIecTBieHus BuiyambHoro SLAM [15], mmanupoBanus map-
mpyTa [13], yenoBekoMamIMHHOTO B3aumojeiicTeus [11], Teneonepanuu B ropoacKux
TIONCKOBO-CTIacaTeNIbHBIX paboTax. B HEKOTOPHIX CHTyalusx HEOOXOIMMO MOIydaTb M
0oOpabaThIBaTh BHJICOJAHHBIE B PEXXHME pearbHOro BpeMeHH. bomiee Toro, B To Bpems,
KaK OJJHa KamMepa MOKET HCIOJIb30BaThcss B MOHOSLAM-anroputmax [15] mns Gecru-
JIOTHBIX JieTaTenbHBIX ammnapatoB (BJIA) u oObYHBIX pOOOTOB, B O0JIEe CIIOKHBIX POOO-
TOTEXHWYECKUX CHCTEMaX MOTYT HCIIOJIB30BAThCSA HECKOJIBKO Kamep, HalpuMep, cTe-
peomnapa, Ui peanu3anuy anroputMos ctepeoSLAM. TlepeuncnenHsle alropuTMbl MO-
I'YT TOTpe6OBaTh OOJBIINX BBIYUCINUTEIBHBIX PECYPCOB, TEM CaMbIM MOOWMIIBHBIN poOOT
OyzmeT HyXIaTbCs B Iepeiaye CEHCOPHBIX JaHHBIX Ha 00Jee MOIIHOE BBIYHCIUTEIHHOE
YCTPOUCTBO Jy1st 00pa0OTKH 1 aHAIN3a JTAaHHBIX.
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IMostomy Op1 cozman ROS makeT, NMO3BONSIONINI OTHOBPEMEHHO 3aXBaTHIBATh
BU/ICOTIOTOK C 4eThIpex Kamep. Crlenyromeil Henbio sSBISETCsS Iepegada BHACONOTOKA
yepe3 OeCIpOBOJHBIE CETH B PEXUME peajbHOro BpeMeHH U peanusanus RTP-cepsepa,
YTO MO3BOJINT KJIMEHTAM IOJYy4aTh BHICOJAHHBIE C pOoOOTa M YIYy4IIHT IPOIECC Tele-
oTepanyy, TaK Kak OIepaTop CMOXKET IMOIydaTh Oonbine nHGopMaImu 00 oKpyKaromeit
cpeze.

dusnyeckue xapakTepucTuku pooora «CepBocuia UnxkeHep». ['yceHMUHBIN
pobot «CepBocuia MHxeHep» CIPOSKTHPOBAH ¥ MPOU3BENEH POCCHHCKOW KOMIaHHEH
«CepBocuiia» aist pabOThI B CIOKHBIX YCIOBHSX MECTHOCTH (HAIpUMep, UCCIEeJOBaHNE
TyHHeJIeH U TpyOOnpoBOIOB, THMINA aBTOMOoOMIel u T.4.) [19]. Pobot «CepBocuna MH-
xenep» (puc. 1) ocHarmeH HaOOpOM OOPTOBBIX JAaTIWKOB, KOTOPHIH BKIIFOYAET B ceOs
KaMepy ¢ ONTHYECKUM 3yMOM M TPH IIUPOKOYTOJIbHBIE KaMepbl, YKOMIUIEKTOBaH (hOHa-
peM g pa60TI>I B YCJIOBUAX Hel[OCTaTO‘-IHOfI OCBCHICHHOCTU U MAHUITYJIATOPOM IJIsA
3axBaTa M NEPEeMEUICHNUs] MOTEHIIMAJIBHO OIIACHBIX OOBEKTOB M OTKPBIBAHMS JBEpeil B
pexuMe Teneonepanuy. TpH U3 YEThIpeX KaMep Ha roJioBe poOOTa pacIioiIo)KeHbI B I1e-
penHeli yacTu ¥ 0JlHa Kamepa — Ha 3a/IHel: epeHss KaMmepa ¢ ONTHYEeCKUM yBEeJIHYCHHU-
eM, TepelHss Mapa IIHPOKOYTOJIBHBIX KaMep (crepeomapa), MIMPOKOYrojbHAs Kamepa
3a7Her0 BuAa. B posm GOpPTOBOTO BBIYMCIUTENS BBICTYMAET ABYXBSACPHBIN ((pu3MUe-
ckue sapa) mporieccop Intel® Core ™ 17-3517UE (1.70I'Tu). Ha poGora mpeaycTaHoB-
neHa orepannonHas cuctema Ubuntu 14.04 LTS (Trusty Tahr).

Puc. 1. Mobunvuwiii pooom Cepgocuna Huswcenep

APl poGora u BcTpoeHHasi mporpaMMa yaaJIeHHOro ynpasJienus. [locrasmse-
Moe ¢ pobotom «CepBocuia MHxeHep» MporpaMMHOe OOECTieUeHUE COCTOUT U3 JABYX
yacTei:

1. Cepsepuoe I10. D10 nporpamma, 3amyckaemasi Ha podote rpu ero crapre. OHa
MOJIy4aeT KOMaH/bl OT KIMEHTCKOW MPOrpaMMbl M OTIIPABISIET HA HEE B OTBET TEJIEMET-
puro pobora.

2. Kimmernrtckoe I1O (Operator Control Unit - OCU). Dta nmporpamma ycTaHaBIHABa-
€TCsl Ha KOMITBIOTEP MOJIb30BaTelNsl M OTIPaBIsieT KOMaH/bl Ha cepBep. Komanabl nepe-
natorcst makeramu (tabin. 1). s ymnpaBiaeHust poGoToM HeoOXoanM pKoicTuk XBox.
[Nepen xaxabIM MCIIOIB30BAaHHEM [DKOWCTHK JOJDKEH ObITh oTKanmubposaH. [Iporpamma
0oTOOpaXKaeT M300pakeHNe C OJHOW KaMepbl U TEKYIee CXEMAaTHUECKOe M300pakeHhe
po0boTa B yriy OKHa.
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Ta6numa 1
IMakeT MaHHBIX JJIS1 yIPaBJIeHUsI POOOTOM
Tlone Frame | Axis . Axis | Button | ... | Button | Video bit | OOmmit
type #0 #15 #0 #15 rate te- pasmep
ID lemetry
Pasmep 57
(6aiir) 1 2 ... 2 1 .. 1 8
Tun . . . . .
uint8 intl6 | ... | intl6 uint8 ... uint8 double

Knunenrckas nmporpamMMma OTHpaBJIACT MAKEThl JaHHBIX Ha CCPBEP MATH pa3 B CE-
KYHIy. DTH MakKeThl COAepKaT MHPOPMAIIUIO O KHOMKAX U JHKOUCTHKAX KOHTPOJUIEpa
Xbox 360. Po6ot ormpasisier B8 OCU makeTsl Tenemerpuu (Tadn. 2), T.e. nHpOpMa-
LU0 0O KaMepax U CEepBONPUBOJAX, OAMH pa3 B CeKyHAy. MHpopmauus oT Kaxaoro
JIBUTaTENs MPEICTaBIsieT U3 ceds MakeT NaHHBIX, NMOJPOOHO ONMHMCaHHBIM B Tabm. 3.
Takxe 3TOT IPOTOKOJ UMEET BO3MOXHOCTh OTIPABIATH BUACOKAAPHI C OJJHON KaMephbl
poboTa ¢ 3amepKKoi B 1-2 CeKyHIbI.

Crenyet OTMETHUTD, YTO ITPOTOKOJ UMEET CIIEYIOIUE HEJOCTaTKH:

¢ CusbpHas 3aBHCUMOCTD [IPOTOKOJIA OT UTPOBOr0 KOHTpoJuiepa. [loatomy mroboe
JIBIDKCHHE, KOTOPOE HEBO3MOXKHO CJ/IeNaTh C KOHTPOJUIEPOM Ha TpadUueckoM HHTEp-
¢eiice or komnanun «CepBocHiIa», HEBO3MOKHO MOBTOPHUTH M C CO3J[aHHBIM rpadude-
ckum uHTEepdeiicom. Hanpumep, oaHO miaccu poOOTa HEBO3MOXKHO 3a/1eHiCTBOBATH OT-
JIETIBHO OT JIPYTOro Kak ¢ 6a30BOro, Tak u ¢ rpadudeckoro uarepdeiica.

¢ IIpoTokos Mo3BosieT NepenaBaTh TONBKO 3HAYEHHUS CKOPOCTH Ha CEPBONPHBO/IBL.

¢ OrtcyTcTBYeT Oonuus MPOBEPKH YPOBHS 3apsAa aKKyMyJIATOpa C IIOMOIIIBIO Po-
tokoua. [1o 3To# npuunHe onepaTop AOJKEH MOCTOSHHO MOKITI0YaTh AUCILICH K BCTPO-
€HHOMY KOMITBIOTEPY poOOTa, YTOOBI MPOBEPSTH YPOBEHB 3aPSIKU aKKyMYJIATOpa.

¢ OrtcyTCTBYeT OIIMS BpalleHUs MEepPBOH OCH MAaHUIYJIITOPAa OJHOBPEMEHHO C
mraccu pobota. Takum 00pa3oM, HEBO3MOXKHO BPAIIATh ATy OCh, MIOKA POOOT HAXOAUTCS
B JIBIKeHHH. POOOT I0JDKEH CHavyalla OCTAaHOBHUTBCS.

¢ OrcyTcTBYeT OmiMs MpoBepku crtaryca (oHaps pobora. OmnepaTop IO/DKEH
MPOBEPHUTH BU3YaJbHO [0 KaMepaM, BKIIFOUEH Jii OHAPb.

¢ OrcyTCTBYET OMIMsl MOBOPOTA 3axBara podoTa.

Takum 06pa3zom, u3-3a OCOOCHHOCTEW MPOTOKOJIA, HAMTUCaHHAasi OUOIMOTEeKa, IMY-
JIUPYET B3aUMO/ICHCTBUE C HTPOBBIM KOHTPOJLIEPOM.

Tab6muua 2
IHaker TeremeTpum
Ione Frame Tick Number | Motor | ... | Motor | Not | O6umit
type number | of mo- data data used | pasmep
1D tors #0 #9
Pazmep 1 8 1 24 s 24 25 275
(6aifT)
Tun uint8 uint64 uint8 struct | ... struct -
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Tabmina 3
JlaHHBIE ¢ KAXKI0T0 IBUTATES

ITone Pasmep Tun
Device ID 1 byte uint8
Device state 1 byte uint8
Operation mode 1 byte uint8
Position 4 bytes uint32
Speed 2 bytes intl6
Amps 2 bytes intl6
Status bits 2 bytes intl6
Position command 4 bytes uint32
Speed command 2 bytes intl6
Amps command 2 bytes intl6

Pa3pa6oTka mporpaMMHOro odecrnedeHus JJisi ynpasJienns podoorom. ['padu-
yeckuid uHTep(eiic podota or kommaHuu CepBocuia oOecHEeYHBAET TOJBKO Oa30BbIC
¢byuknun. OrepaTop MOXET yIpaBIsATh pOOOTOM B PealbHOM BPEMEHH TOJBKO C TIOMO-
1Ibi0 UrpoBoro Koutposwiepa Xbox 360. ITo 3Toli mpuunHe OBLIO PEHICHO pa3paboTaTh
HOBYIO rpadMyecKyro 000JIOYKY U OMOJIMOTEKY YAaJIeHHOTO YIpaBIICHHS C PaCIIMpEH-
HBIMH (YHKIIMOHAJIBHBIMH BO3MOXXHOCTAMH. Takke, pa3paboTaHHOE NpPOrpaMMHOE
obecrieueHne J0JDKHO obecrieunBarth ynpasieHue podorom u3 dpeiimBopka ROS. Ilo-
STOMY MPUHSATO PELICHUE PA3eUTh IPOrpaMMHOE oOecrieueHre Ha TpH 4acTH (puc. 2).

1 Software H

L}

H n

APlofthe || ‘ | ‘erphical 1y
; Library [« . User i

robot \ H
\ Interface |}

L}

= :

i ROS node |1

. 1

1 L}

¥ [}

Puc. 2. Cxema co3z0annozo npoepammnozo obecneuens

BubnuoTrexa ynaneHHOTO yNpaBIICHHUS SIBISETCS MOCPEIHHKOM MEXAy Ipaduye-
ckuM uHTepdeiricom u mporpammoii ROS Ha KoMIBIOTEpe MOIB30BaTENs U POOOTOM.
OHa ucnonb3yeTcs Ul OTIPaBKH KOMaHJI poOOTYy, a TakkKe MOIyueHus: MHPOpMaIUu ¢
Kamep U cepBONpHBOJOB. brubnuoreka npeacrasisier coboit Habop dynkumii (API), uc-
MOJIb3YEeMBIX ISl ynpaBieHus pobotom. Pobor ympasisercs yepe3 Wi-Fi wim paamo-
cBs13b. KOMaH/pI MHKATICYIMPOBAHBI TPOTOKOJIOM JAMCTAHIIMOHHOTO YIIPABJIECHHS, pa3pa-
6oTaHHBIM KoMnaHuel «CepBocuiay» (Tadm. 1).

bubnuoTreka ymaneHHOTO  yNpABIEHHWS pealn3oBaHa Kak — JAMHAMHYECKH-
moKIrouaeMblil parn (* .so-¢aitm). Takol moaxoa JaeT BO3MOXKHOCTh HCIIOJh30BATh
O6nbIMOTEKy B pa3HBIX NPUIOXKEHUsX. Hanpumep, mporpamMma ¢ alropuTMOM aBTOHOM-
HOTO TIOHMCKA MyTH JJIs poO0Ta MOXET OBITh PeaN30BaHa C UCTIOIb30BaHUEM 3TOH Ono-
JUOTEKH YAAJICHHOTO yIIPABIICHHS.

CoznanHast OMOIHOTEKA COMIEPIKUT CIIEAYIomNe 00BEKTHI (prc. 3):
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¢ Crpyxrypa RobotConfiguration comepxutT HabOp MaKCHMAaJbHBIX CKOPOCTEH
JUTS COWICHEHNH po0oTa U ApyTyro HHPOPMAIHIO O HEM.

¢ Kiuacc Robot ciryxur 00epTkoli KOHTpoJUIEpa U OTIPABISIET CKOPOCTH B METO-
JIb1 KOHTpOJUIEpa.

¢ Kitacc RobotController 3amyckaet otaensHbii moTok ans kinacca UDPClient u
yIIpaBisieT poOOTOM, U3MEHSS 3HAUEHHS CKOPOCTEHl B IIAKETE yIAJICHHOTO YIPaBIICHHUSI.

¢ Kinacc RobotPositionController pacumpsier RobotController, on Moxer ynpas-
JISITh CYCTaBaMH I10 MOJIOKEHHIO.

¢ Crpyxrypa RobotSI npeobpasyer komanner B cuctemy SI (MexmynapomHas
cHCTeMa eIUHMII), TIO3TOMY MOXKET 00pabaThIBaTh 3HAYCHHS CKOPOCTH B M/C H pay/c.

¢ Crpyxrypa RobotPackets cogep>xut peanu3ariro nmakeTos u3 nporokona AP

¢ Kiracc UDPClient npencrasisietT co6oii ciyx0y OTIIpaBKH JaHHBIX Ha poOOTa.

Remote Control Library Qr

Signals &

Slots
RobotSI

Robot

RobotConfiguration

RobotPosition

RobotPackets — Controller

RobotController : UDPClient

Puc. 3. Cxema bubruomexu sHewiHe2o ynpagieHus

BbubnmoTeka Obuta MOCTpOeHa ¢ MpUMEHeHHeM qmake M g++ ¢ HCIOJIb30BaHUEM
¢petimBopka Qt [9]. bubmnoTeka paboTaeT B CBOEM IMOTOKE M COSAHMHSCTCS C Ipadude-
ckuM uHTepdeticom u mporpammoit ROS ¢ ucmonp3oBanneM cHrHaIOB Qt ¥ CJIOTOB. JTO
peleHne 03BOJIMIIO T0OBOJIBHO OBICTpO paspaborats 110 ynpasienus poboToMm, HO He-
00XOJIMMO MOJUYEPKHYTh HEKOTOPBIE HEAOCTAaTKH ATOro pemieHus. [Ipexne Bcero, Kax-
JI0€ TPUJIOKEHHUE, KOTOPOEe IJIaHUPYET UCIOIb30BaTh OMOJIMOTEKY, NOJDKHO BKJIIOYATh
Ooubnrorekn Qt I MOANEPKKA MEXaHM3MOB CUTHAJIOB M CJIOTOB. [lo 3TOi mpuumHe
MPUIOKEHHE TOJDKHO BKIIFOYATh OuOnmorekn Qt B CBOi mBOMYHBIN (haiin (4To pe3ko
YBEJMYUBAET pa3Mep JBOMYHOrO (aiiyia) uiv AMHaMUYECKH MOKIoUaTh o0ubmrorexu Qt
(uto B cBOIO ouepenp ycraHaBnuBaeT orpanuueHust Ha OCU). [Toatomy B Oyayiiiem y Hac
€cTh IUIaHbI IepenucaTh OMOMHOTeKy 0e3 3a/1eiicTBoBaHM MexaHm3MoB Qt Ha si3pike C++
0e3 UCIIOIb30BaHMs KaKMX-T100 Onbanorek, ppeliMBOPKOB HIIH APYTHX 3aBUCHMOCTEH.

Knacc UDPClient B OnbianoTexe MHKAINCYJINPYET CTaTHYECKUH OOBEKT /I peaju-
3arun UDP-cokera. UDPClient paboraer B cBoeM IOTOKE M OTHPABIISET MAKET MO Taid-
Mepy ATk pa3 B cekyHay. Oneparuun ¢ GUI (uiam komanasl u3 nporpammsl ROS) n3me-
HSIOT IaKeT.

ITakets! TenemeTpuu (CM. TaOJI. 2) HECYT B cebe CIeqyIoNIyo HHPOPMAIIUIO:

¢ CocTosiHUE IBUTATENS.

¢ IlonoxeHune Baya IBUTATEIS.
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YacToTa BpalieHus Bajla JBUTATEIs.
Cuita TOKa Ha IBUATATETE.
CKopocTb.

®nar oOHapyKEeHUs OLIHOKH.
CueTr4uk omuooK.

[Taker TeneMeTpun coaepkUT nHMGOpMaNUIo 0 KakaoM asurarene. Hpopmanus o
MIOJIOXKEHUH Baja JBUraTells UCIOJIb3YyeTCs B YIPaBICHUH NonoxkeHueM. OCHOBHas Mpo-
OJeMa 3aKJIF0YaeTcsi B TOM, YTO JIBUTATEIM IIACCH HE UMEIOT MHPOPMAIMU O TEIeMEeT-
pUH #, TaKUM 00pa30M, eMUHCTBEHHBIH CIIOCOO pacuera pacCTOSHHS — 3TO MPOU3BEe-
HHE CKOPOCTH M BPEMEHH IBIDKCHHUS. JTO PEUICHHE CYIIECTBEHHO MEHEE TOYHO, YeM
HCTIOJIB30BaHUE SHKOJIEPOB.

3HaueHHE CKOPOCTH B TMPOTOKOJE SBIIETCA IETBIM YHCIOM B [HAlla30HE OT
—32768 nmo +32767. IlpuunHON Takoro Auamna3oHa SBISETCS KOTUPOBAHHE CKOPOCTU Kak
TO3UIIMH YIPABIISIONIMX KOHCTHKOB UTPOBOro KoHTposuiepa Xbox 360. bubnuoreka yaa-
JICHHOTO YIPAaBJICHHUs JOJDKHA UMETh BO3MOYKHOCTh MPHHUMATh 3HAUYSHHUsI CKOPOCTH B M/C,
41O HE0OX0AMMO Ui ynoOcTBa nosb3oBatens U ais ROS-nporpamMmel. YtoObl uieHTH(H-
LIMPOBaTh COOTBETCTBHE MEKAY aOCTpaKTHBIMU KoManzamu API u IBmkeHHEM B peasibHOM
MHUpe, OBLTN IPOBE/ICHBI SKCIIEPUMEHTBI IS IPSIMOTO U BPAIL[ATEILHOTO ABMKEHHH poOoTa.

OcHOBHasi ujes HKCIIEPUMEHTa 3aKIII0YaeTcsi B CIEAYIOMIEM: YTOOBI Mpeodpa3o-
Bath uncna API B enununsl usmepenus cucremsl CH, cienyeT cOOCTaBUTh CKOPOCTh
BpaleHns TPEKOB B 3aBUCHUMOCTH OT kKoMaHA API, ormpaBnenHsix poboty. Koppemsmms
MEXITy STUMH 3HAUCHUSIMH IOJDKHA OBITh BEIpa)keHa KakK JIMHEHHOE COOTHOIICHHUE MEX-
Ny 3HaueHusiMH koMaHJ API u peasbHOI CKOPOCTBIO B METpax B CEKYHIY.

* & & o o

Puc. 4. Pobom 6 ghuxcuposantoii no3uyuu npu npo8eodeHuu IKCHepUMeHmos

[Inan ’xcniepuMeHTa:

1. YcraHoBuM poOOT TakuM 00pa3oM, YTOOBI HUYTO HE BIHSJIO Ha CKOPOCTH Bpa-
IICHUS TYCEHUI] (BKIIFOUas TPEHHeE).

2. U3mepsieM JUIMHY T'yCEHHLI.

3. OrnpasisieM poOOTy KOMaH bl TIOCTOSTHHON CKOPOCTH.

4. BriOupaeM OTHOCHTEIHHO OO0JBIIOE KOJMYECTBO N MOJHBIX 000POTOB JOPOKEK
JUISL OTCIICKUBAHMSI.

5. U3mepsieM Bpems t, HEOOXOANMOE AJIsl TOTO, YTOOBI T'YCEHHUIIBI MTOJTHOCTBIO TPO-
KpyTuaucs N pas.

6. Berauciisiem peasibHyI0 CKOpOCTh B METPax B CEKYH]TY 0 ypaBHEHHIO: vr = 1¥N/t.
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Ta6muma 4
IKCIepuMEHTHI N0 MOUCKY K03 GHuuenTa npeodpa3oBaHusl TUHEHHOH CKOPOCTH
Ckopoctb | O6oports | [InmuHa rycenunsl | Bpewms 3amepa (c) Ckopoctb (M/c)
6000 40 1,15 552 0,08333333333
9000 40 1,15 368 0,125
12000 40 1,15 276 0,1666666667
15000 40 1,15 221 0,2081447964
18000 40 1,15 184 0,25
21000 40 1,15 158 0,2911392405
24000 40 1,15 138 0,3333333333
27000 40 1,15 122 0,3770491803
30000 40 1,15 111 0,4144144144

Po6oT Op1 ycTaHOBIICH Ha ABYX ONOKax (CM. puc. 4) Tak, YTOOBI TyCEeHHUIBI poOoTa
HeE KacaJluch OJIOKOB BO BpeMs ABeHUs. Ha ocHOBHOM KopIyce poboTa 1 Ha T'yCeHHIIE
OBUTH MOMEIIEHbI METKHU, YTOOBI CIEIUThH 32 KOJIMYECTBOM 000poToB. [Ipu coBmanenunn
MeToK (uKcupyeTcss 00opoT ryceHuusl. JlnmHa ryceHuus! | cocraBmser 1,15 merpa.
Yucno 060poToB N A7t OTCIIS)KUBAHNSA BPEMEHH ObLIO orpeaeneHo kak 40 000poToB.

Pe3ynpTaThl 3KCIEPUMEHTOB MOKa3alli, YTO LIENble 3HAUEHHUsI CKOPOCTH, KOTOpHIE
OTIIPABIAIOTCS POOOTY, MPSMO MPONOPLHUOHATBHBI (JIMHEHHBI) MOJIYYEHHOW CKOPOCTH
MIPSMOJIMHEWHOTO JBIDKCHUS W BpamieHus. bputn BeramcieHs! 3TH aBa Kod3dduimenTa
ITyTeM IpeoOpa3oBaHMs LENOYHCICHHBIX 3HaYeHUH B cuctemy CH. Jlng nuHeiHOTrO 3HAa-
yeHus arokeHus v = 72021,73913 u qis BpamarensHoro apuxenus Ir = 24000. UroOsr
MOJIYYUTh CKOPOCTh B M/C M Paj/C, LETOUNCIICHHbIE 3HAYEHHs AEIHINCh Ha AT KOH-
CTaHTHI. Pe3yabTaThl H9KCIIEPUMEHTOB TIPEICTABIEHBI B Ta0. 4—7.

Tabnuma 5
JKCcnepuMeHTHI N0 MOUCKY K03 puiueHTa npeodpa3oBaHusl yIrJI0BOH CKOPOCTH
Panuyc
Bpemst | JIuHeliHasdg | OKpYXKHOCTH VYrnosas
JUmHa | 3amepa | ckopocTh | IMOBOpOTa Ha CKOpOCTh
Ckopoctb | OGOPOTHI |TyCEHUIIBI (c) (m/c) MecTe (pan/c)
10000 10 1,15 276 0,0416667 0,1 0,4166666667
15000 10 1,15 184 0,0625 0,1 0,625
20000 10 1,15 138 0,0833333 0,1 0,8333333333
25000 10 1,15 110 0,1045454 0,1 1,045454545
30000 10 1,15 92 0,125 0,1 1,25
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Tabmuma 6
Taoauna pacuera ko3pduunenTa npeodpazoBaHus JUHEIHHOH cKOpoCcTH
ITorpemnocTs ITorpemnocTs
Cpennnii K03 dunueHTa K03 duiueHTa
Ckopoctb |Koadduruent | koapurpent (oTHOCHUTENBHAS) (abcomroTHAs)
6000 72000 0,0268115942 1930,434783
9000 72000 0,02717391304 1956,521739
12000 72000 0,02753623188 1982,608696
15000 72065,21739 0,02789691127 2010,396975
18000 72000 72021,73913 0,02826086957 2034,782609
21000 72130,43478 0,02861860209 2064,272212
24000 72000 0,02898550725 2086,956522
27000 71608,69565 0,02936564505 2102,835539
30000 72391,30435 0,02969056013 2149,338374
Tabnuma 7
Tabauna pacdyera ko3¢ dpuumreHTa npeodpPa3oBaHus YIJ0BOil CKOPOCTH
IlorpemHocts ITorpemHocTs
VYrnosas ko3 punmenra k03¢ puLreHTa
CkopocTb | ckopocTsb (paa/c) |Koaddunuent| (oTHOCUTEIbHAS) (abcomroTHast)
10000 0,4166666667 24000 0,02753623188 660,8695652
15000 0,625 24000 0,02826086957 678,2608696
20000 0,8333333333 24000 0,02898550725 695,6521739
25000 1,045454545 | 23913,04348 | 0,02972332016 710,7750473
30000 1,25 24000 0,03043478261 730,4347826

AHanu3 TOJIyYEHHBIX JIaHHBIX MO3BOJIMJI ONpPEIEIUTh KO3(D(DHUIMEHThI KOppems-
[[UH, TPEICTABICHHbBIC B Ta0. 6, 7. DT KO3 GUIMEHTHI UCTIONB3YIOTCS Jajiee IS mpe-
obpazoBanust API-komanz B peanbHble ckopocTH. [lomydeHHbIe pe3yabTaThl ObIIH 3aITH-
caHbl B kiacce RobotSI.

Co3nanne ROS-nmakera mo ynpapjieHHI0 po0GOTOM HA OCHOBE HAIIMCAHHOI OUO-
Jmortekn. Pobot «CepBocuiia MHkeHep» OyieT NCIob30BaThCs VIS pa3padOTKH alroOpHT-
MOB aBTOHOMHOH JIOKaJIM3aIiH, KapTrorpadupoBanus u mianuposanus mytH [20]. st aToro
HeoOXomuM MoIylb (Tporpamma) ¢peiiMBopka ROS st ympasnenust podorom. B mpo-
rpammax ¢peiiMBopka ROS wucmomb3yroTcs KOMaHABI IepeMenieHust B ¢opmare
\geometry msgs\Twist, KOTOpPbIi COAEPKUT JIMHEHHBIE (TT0 BCEM OCSIM) U YTJTIOBBIE CKOPOCTH
(Taxoke 1o BCEM 0OCsM), I3MEPEHHbIE B METPax U pagraHax COOTBETCTBEHHO. [loaToMy 31ech
Hy)XHa (QYHKIHS IpeoOpa3oBaHMs CKOPOCTH, 3aIMCaHHAs B yIaJIeHHONW OMOIMoTEKe.

Pa3zpaboTannas OmOnmMoTEKa ympaBiieHHs BKIIOYAETCS MpHU COOpKE B MPOTrpamMMmy
ROS. TIporpamma npuauMaeT komanasl ROS u3 moToka \move base u oTnpaBisieT Ko-
MaHIbl poboty uepe3 coenunHenne Wi-Fi. [l sToro Ombnmoreka Obuia CTaTHYECKH
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CKOMITMJIMPOBAHA ¥ €€ 3ar0JIOBKHM OBLIHN BKIIIOYECHBI B HCXOMHBIN (haitn mporpammsl ROS.
IIporpamma ROS — 310 KOHCONBHAS TporpamMma. Pabodwmii mporiecc MPOUCXOANT B IHK-
Jie CIeAyIOUMUM 00pa3oM:

1. Xnem cooOuieHnii B yka3aHHOM MMEHOBaHHOM IIOTOKE JaHHBIX (Harpumep,
\emd_vel\).

2. Koraa npuxomur cooOlieHue, OHO pa3feisieTcs Ha JBE YacTH: JIMHEHHYIO U
yIIIOBYI0 cKopocTH. Eciu juHeiHas 4acTh He paBHA HYIIO, TO: €CJIH JIMHEHHas 4acTb
Oousblie uiaM paBHa 1o Moxyito 0,2 M/c — oHa oTnpasisieTcsi poOOTy; HHaUe — OTIIPAB-
nseTcs nuHeHas ckopocts 0,2 m/c. Ecnm yrioBas 4acTe HE paBHA HYIIO, TO: €CIH
yTIIoBas 9acTh IO MOAYJI0 Ooibine win paBHa 0,2 pan/c — oHa OTHpaBIsAeTCs POOOTY;
WHAYe OTIpaBisieTcs yriaoBas ckopocts 0,2 pax/c. OTo OBIIO CAETAHO MOTOMY, YTO
CYIIECTBYIOT TEKYIINE OTpaHUYCHHMS IS ABUraTeneld podora, u podOT He IBUraeTcs C
HU3KOH CKOPOCTBIO.

Korzma nporpamMma 3aKkpbIBaeTCs, TO MOCHUIACT HOJIb B Ka4ECTBE YIJIOBOH U JIMHEITHOH
CKOpOCTEH, 4TOOBI OCTAHOBUTH POOOTA U IIPEAOTBPATHTH HEKOHTPOIUPYEMOE JIBHIKEHHE.

HuskoypoBHeBbIii 3aXBaT BH/Ie0 ¢ Kamep podora. [l 3axBara BUAEO C KaMep
ObUIa KCIIOJb30BaHAa BTOpas Bepcus OubOmuoteku Video4Linux. [lannas Oubmmoreka
OblIa NpeyCcTaHOBIICHAa Ha OPUTMHAJILHOM CHCTeMe co3naTesiMu pobota. [Iporpammu-
poBaHue V4L2 ycTpoiicTBa COCTOUT U3 ClIeAyromuX maros [18]:

¢ OTKphITHE yCTpOIiCcTBA.

KoHpurypauus napameTpoB ycTpoiicTsa.
Br16op BHaeocTaHmapTa.

Konpurypauus popmara BUICOAAHHBIX.
KoHpurypauus MeTo0B BBOAA-BBIBOJA.
L{uKn 9TeHUS/3aICH.

3aKpeITHE YCTPOUCTBA.

[TapameTpsl BHIEOYCTPOHCTBA HACTPAUBAIOTCS ITyTEM BBI30BA CIEIMAJIBHBIX 3aIpo-
coB (ioctl), mpencTaBisOINX U3 cedsl CHCTEMHBIN BBI30B, 3a/Jal0IINI TapaMeTphbl yCTPOi-
cTBa (KOJIMYECTBO KaJPOB B CEKYHIY, pa3perieHue kaapa). [Ipomecc paborsr V4L2 mipo-
rpamMMBI (pHC. 5) MOKET MEHATHCS B 3aBUCHMOCTH OT cuTyaruy. Hanprmep, peanmzars
HE 0TOOpaXkaeT MoJlyJaeMble BUicoJaHHbIe. [lepBOHAYaNbHBIM LIarOM SIBISE€TCS OTKPBITHE
YCTPOMCTBA JUIs OCIEAYIOEeH HaCTPONKH ero mapameTpoB Ui OTOKOBOTO 3aXBaTa BH-
neo. s Toro 4ToOBI MCHOJIB30BaTh CHCTEMHBIE BBI3OBBI ioctl, (haiioBbIid NecKpHIITOpP
YCTPOICTBA (KaMephl) TOJDKSH OBITh OTKPBIT HA OIIEPALIMH YTCHHS U 3aIIHCH.

* & 6 O oo

Monyyexve
P vHbopmauum o6 >
yCTpOWCTBE

r—f Banyck npouecca
Bbr:,gilr:.!rzue | —p| noToxosoro
3axsara smoeo

(6ycpepos) +

OTKpbITHE
ycTponcrea

HacTtpoiika
supeo cpopmara

Mony.enue kagpa
n3 bycepa
ycTpoicTea

Y

OrobpaxeHue
Kanpa

¥

3anonxexHne
ouepeau
yCTpOACTBA

Puc. 5. Ipunyun pabomwur V4L2-npunosicenus
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Heo0xoanmo Takke HaCTpOUTH (hOpMaT MOITyIaeMBIX JaHHBIX ¢ KaMmepbl. «CepBo-
cuna VHxeHep» MMeeT TpH KaMepsl (cTepeomapa M KaMmepa 3aJHEro BHa), KOTOpPhIE
MOTYT BbIJIaBaTh KaJpbl B popmare mabnona baitepa [16]. Kanpsr ¢ nepenueii kameps ¢
ONTHYECKAM YBEIHYCHHUEM IIPEICTABICHBI B IIBETOBOM IPOCTPAHCTBE yuv (yuyv422).

ITocne HacTpoiiku popmaTta KagpoB BUACONOTOKA, BBIACIACTCS MaMATh o Oyde-
pHl ycTpolicTBa. Bydep cocTont u3 n3o0pakeHus ¢ KaMepsbl, MOJIYYEHHOTO IyTeM oOMe-
Ha JaHHBIMHM IPUJIIOKEHUEM U JpaiiBepoM ycTpoiicTBa. sl ynpaBiieHUS NPOLECCOM
oOMeHa JaHHBIMH MEXy IPHJIOKEHHEM H YCTPOHCTBOM HCIIOIB3YETCS METOM MPOEIH-
pOBaHMS MaMSITH YCTPOICTBAa B MaMsTh MPHUJIOKEHHsS (mmap). DTO MO3BOJSIET YBEIHU-
YHUTh MPOM3BOIUTEIBHOCTh 3aXBaTa BUJICO C KaMepbl, N30aBIISACh OT HEHY)KHOTO KOIH-
poBaHMs AaHHBIX. [IpuioxeHWe W apaiiBep OOMEHMBAIOTCSA yKa3aTelsIMHA Ha JAaHHBIC,
KOTOPBIE CTAHOBSITCS JOCTYITHBIMU ITPUJIOKEHUIO.

Jlanee ocymiecTBIsCTCS 3alpoC Ha TMOTyueHHe HH(DOPMAIIMK O BhIICICHHBIX Oyde-
pax. Ota uH(OpMAanUs BKIIOYAET B ce0sl CBEJCHUS O PACIOIOKEHNN Oy(epoB B MaMsATH
(Ykaszarenu) ¥ UX KOJH4YECTBE (MOXKET OTJIMYATHCS OT 3allpalinBacMoro pasmepa). IIpo-
11eCC TOJTYUYEeHUs KaJApOB 3aKII0UaeTCs B IByX dTanax (puc. 6):

1) aTam 3amoNHEHHsI OYepeIH ITyCTHIM Oy(hepoM;

2) stam nonydeHus Oydepa ¢ TaHHBIMH.

MamATb
NPUNOXEHUA

VIDIOC_QBUF VIDIOC_DQBUF

BxonHan
oyepedb

BiixogHanA
oyepedb

Beoa/sbisog

Puc. 6. Ilpoyecc nonyyenus kaopos V4L2

Jns xaxmoro srtama BbI3bIBaeTcs crernuanbHe 3ampoc (VIDIOC QBUF u
VIDIOC DQBUF). Ha epoM 3tare Oydep BcTaBiseTcs: B odepelb ApaiBepa YCTPOHCTBa.
Bytdep oxummaer MoMmeHTa, Korzma JApaiBep YCTpOWCTBAa 3allOJIHUT €ro  JJaHHBIMH.
Ha BTOpOoM sTare odpadotanHblii Oydep (C BuacOmaHHBIME) U3BJIEKaeTCs U3 ouepeu [17].

OaHHble Kamepbl
(n3oBpakeHue)

POC yaen
(ny6nukyeT smaeo
Kaapel)

sensor_msgs/Image.msg

WHhopmauma

MonyyeHue naobpaxeHuA
0 Kamepe

POC Yaen(bi)
(nony4aeT BUOEO NOTOK)

/\J4L2 GMGnHOTeKa/

sensor_msgs/Cameralnfo.msg

Kamepa

Puc. 7. Apxumexmypa cozdasaemozo ROS-naxema
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Peanuzanus ROS-makera nisa my6aukauuu ¢ Kamep podora. l3HavansHO, B
cucreMe poboTa He ObUT ycTaHOBIEH (periMBopk ROS, mosTomy OBLT yCTaHOBIEH CO-
BMmecTuMblid ¢ Ubuntu 14.04 muctpudytus ROS Indigo. Apxurekrypa ROS-makera co-
CTOWT W3 CIEIYIONINX TTaBHBIX YacTel (cM. puc. 7):

¢ VY3er, He3aBUCUMO MyONIHKYIOMAN TaHHBIE ¢ KaXXI0 KaMephl poboTa.

¢ IIpocmoitka V4L2, gepe3 KOTOPYIO OCYIIECTBISETCS 3aXBaT BUACOKAIPOB C Ka-

Mep poboTa.

robot@robot-computer:~$ pidstat 10 -p 9462
4.4.0-83-generic (robot-computer) 02.11.2017 _X86_64_ (4 cPU)

107 uID PID %usr %system Xguest %CPU Command
117 1000 9402 0,00 0,40 0,00 0,40 video_strean
127 1000 9402 0,00 0,40 0,00 0,40 video_strean
137 1000 9402 0,00 0,30 0,00 0,30 video_stream
147 1000 9402 0,00 0,40 0,00 0,40 video_stream
:57 1000 9462 0,00 0,40 0,00 0,40 video_streanm
:07 1000 9402 0,00 0,40 0,00 0,40 video_stream
117 1000 9402 0,00 0,50 0,00 0,50 video_stream
robot@robot-computer:~$ pldstat 10 -p 9462
Linux 4.4.0-83-generic (robot-computer) 02.11.2017 _X86_64_

:18:29 %usr %¥system Xguest %CPU CPU Command

:18:39 0,00 3,90 0,00 3,90 1 video_stream
:18:49 0,00 4,70 0,00 4,70 3 video_stream
:18:59 0,00 4,20 0,00 4,20 3 video_stream
:19:09 0,00 4,40 0,00 0 video_stream
:19:19 0,00 4,40 0,00 1 video stream

Puc. 8. Hcnonvzosanue npoyeccopa cozoanuvim ROS-naxemom
(3amepbl npogedensl ymuaumou pidstat 8 pesxcumax npocmos u Hazpy3sKu)

V3ein, myOnuKyonmid TaHHBIE C KaMephl, TPAHCIUPYET BHICOIOTOK B CO3/IaHHBIC
toruku. JIro0o#t Apyroi y3en, MOAMUCAHHBIA HAa CO3MAHHBIA TOTHK C BHICOIAHHBIMH,
MOXET II0JIydaTh JaHHbIE, 00pabaTeIBaTh WX WIM PETPaHCIMPOBaTh. Vcmoip3yroTcs
ClIeAyIOIIHe TTapaMeTphl MyOIMKYIOLIEro y3ia:

¢ KonuuecTBo KaJipoB B CEKYyHIY 3aJaeT KOJMYECTBO BHJIEOKAIPOB, MyOJHKYye-
MBIX B TOTIMKH KaXyI0 CEKyHIY.

¢ Paszpemienune kajpa: BbICOTa U IIHPHUHA BHJICOKAIPA.

¢ @opmar kaapa ROS (uamp., bayer grbgg).

¢ Buneoycrpoiictso (Hamp., /dev/video0).

N3obpaxkeHne ¢ KaMep NCKa)KeHO W TpeOyeT KaIMOPOBKH KaMep, YTO SIBISIETCS 4Ya-
CTBIO IUIAHOB Ha Oyny1ee.

B mpomnecce pa3pabOTKH HPHUIUIOCH CTOJKHYThCS C HECKOJIBKHUMHU HpPOOJIeMaMHu.
Hawnbonee cepbe3Hoit n3 HUX SABISIIACH MTpoOIeMa MOMydeHHsT HEKOPPEKTHOTO BPEMEHU
3axBaTa Kajpa. JIaHHBII mapaMeTp SABISETCS BaXHBIM Ul peanusanuu crepeoSLAM
NTOPUTMOB JJISi CHHXPOHU3AIMH IBYX KaMmep 1o BpeMeHH. B V4L2 ecTh BO3MOXXHOCTH
MOJIYYUTh BpeMsi 3anojiHeHust Oydepa naHHbIMU ¢ Kamepbl. OJIHAKO JaHHbBIH Mapamerp
ObUI B HEKOPPEKTHOM COCTOSIHMM, U PpEIIeHHe JNaHHOW IpoOsieMbl ObUIO HaiJeHO B
GitHub-penosutopun 6ubmmoreku OpenCV. JlaHHbIe 0 BpeMEHH 3axBaTa Kajpa JT0JIK-
HBI OBITH M3BJICUEHBI JI0 TOTO, KaK BHOBb pasmeiath Oydep ¢ TaHHBIMH B oYepelb Ipaii-
Bepa ycTpoiicTBa. Bee mocneayromniye TecThl ObLIM MPOBEACHBI B CUCTEME MOOHIBLHOTO
pobota «CepBocuia MHxeHep».

CToHUT OTMETUTH, YTO MPHU OTCYTCTBUU MOANUCUYHUKOB HAa TONHUKH C BUACOJaHHBIMH,
UCIIONIb30BaHKUE pecypcoB nporeccopa MUHUMANBHO (0,4 %). [Ipu Hamuuuu noanucyu-
KOB CO3JlaHHBIM makeT ucnoias3yeT 4,4 % pecypcoB npoueccopa. Hukakux nomnosnHu-
TEJILHBIX JAEHCTBUI 110 KOHBEPTAIIMU M300paXKeHus B Ipyrue popmarsl, Takux kak RGB,
He ocymuiecTBisieTcs. Takum 00pa3oM, MOTY4YHUTCS CHU3UTH HArpy3Ky Ha MPOLECCOpP MO-
OunpHOTO poOOTa, HE 3aTpadyMBas PECypChHl Ha JOMOJIHHUTENBHYIO 00pabOTKy HaHHBIX.
Pa3paboTaHHbIif MakeT HUKaK He 3aBUCHT OT Oubmmoreku OpenCV.
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Brumn npoananmsuposansl apyrue ROS-makeTsl TOTOKOBOTO BHAeo3axBaTa. Ham-
OoJee pacrpoCTpaHEHHBIM OKa3aJiCcs MaKeT, OCHOBAaHHEIN Ha 6ubimoreke OpenCV [14].
B xone TecTnpoBaHUS MakeT MoTpeOJsI MEHBLIE CUCTEMHBIX PECYpCOB B OTIMYHE OT
nakera, 6asupyromerocss Ha 6udmoreke OpenCV (puc. 9). Ecnu B MOTOKOBBIH 3axBar
BHUJICO BOBIIEYEHO OoJblIe KaMep, TO Harpyska Ha Ipolieccop Oyner pactu. B pexume
IIPOCTOsI, IIPU OTCYTCTBHHU KIMEHTOB, nakeT Ha OpenCV mpojomkaeT akTHBHO HCIOJb-
30BaTh PECYPChI CUCTEMBI.

35-

CPU usage, %
8 ] 8

&

0.4

Idie (our) Idle (OpenCv) Non-idle (our) Non-idle (OpencCV)

Modes

Puc. 9. Cpeonee ucnonvzosanue pecypcos npoyeccopa co30aHHbIM
u OpenCV ROS-naxemom (8 pexcumax npocmosi u Hazpy3Ki,)

3akiouenue. B naHHOU cTaThe mpejicTaBieHa pa3paboTKa MpOrpaMMHOTO obec-
neyenus (I10) ans ynpaBneHust ¥ nepegadll BUAEONIOTOKA C KaMep POCCHICKOro ryce-
HIUYHOTO pobota «CepBocuia Mmxenep». Omnucansl y3i16l pod0Ta, 0COOEHHOCTH BCTPO-
egroro API u 1O, u 000cHOBaHBI TPUYHHBI, KOTOPBIE CAETAd HEOOXOIUMOU pa3pa-
60oTky cobctBeHHOro I1O. Paspaborannoe IO cocront u3 OMOMHOTEKH YIAIEHHOTO
ynpasieHus u rpadudeckoro uaTepdetica momp3osarens (GUI) mis ympaenerus podo-
ToM. bubnmoreka nmogaepxxuBaeT paboTy ¢ poOOTOTEXHUYECKOI OnepaIioHHON cucTe-
moit ROS. B craThe omucaH cocTaB W B3auMMOJeHCcTBHE MoayJel pazpaborannoro I10.
ITpu momomm paszpadoranHoro I[IO momb30BaTeNs MOXKET yNPaBIsATH POOOTOM, HE HC-
oJIB3yst JKOHCTHK. ROS-mporpamma mo3BosisieT yAaJeHHO HCTONBb30BaTh poOOTa, 4To
IUTaHUPYyeTCs 3a/eiicCTBOBaTh B PEKMME aBTOHOMHOT'O IUTAHUPOBaHUA MapIIpyTa poborta
Ha OCHOBe cTatudeckoro Oananca [10].

Cosznannblii ROS-nakeT mo3BoJsieT HE3aBHCHMO 3aXBaThIBATH BHJECO C 4 pa3HBIX
kamep pobota «CepBocmina Mmxenepy». Kondurypamnus u nmoaydeHne HCXOIHBIX JaHHBIX
C KaMep OCYIIECTBISIETCS MPH moMoInu oubimmorekn V4L2. Metox npoernupoBanus 0y-
(epoB yCTpOWCTBA B MaMsITh NPHJIOKECHUS TOBBICHI IPOU3BOIAMTEIILHOCTh, YCTPaHUB
W3JIMIIHUE KOMMpoBaHus. KIlloueBBIM MOMEHTOM SIBISIETCSI HE TOJIBKO ITOJy4eHHE KaJ-
POB € KaMephl, HO ¥ YMEHBIIEHHE KOJIMYECTBA MOTPEOIIEMBIX PECYPCOB M Harpy3KH Ha
nporeccop. CpaBHEHHE pa3pabOTaHHOTO MakKeTa ¢ CYIIECTBYIOUIUM NAaKeTOM, OCHOBAaH-
HoM Ha OpenCV, moka3ajo CyIIECTBEHHOE MPEBOCXOACTBO MPENTI0KEHHOTO B JaHHOU
pabore pemeHus.

B Oynymem mnanupyetcs peanusoBate RTP-cepep, KOTOpBIN MO3BOIHT Hepena-
BaTh BHJIEO C po0OTa B PEXHMME PEaIbHOTO BPEMEHH depe3 OecripoBoaHyIo ceTh. Mcxon-
HBIA KO IOCTYIICH JUIA ITyOJUYHOTO MCIIOJB30BAHUS B PEHIO3UTOPHH HA CaliTe CHCTEMBI
KoHTpoJs Bepeuit GitHub [16].

PaboTta BbInoNHEHa B paMKax peanu3anuu npoekra «Jlokamusanus, kaprorpadu-
pOBaHME U TOWCK IyTH A OecnuioTHOro HazemHoro po6ora (BHP) nmpu nmomommn
Ipymnibl 6eCHMIOTHBIX JleTaTenbHbIX annaparoB (BIIJIA) ¢ ncrons3oBaHHEM aKTHBHOTO
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KOJUICKTMBHOTO TEXHMYECKOIO 3PCHHS W IUIAHHPOBAHHEM B OOIIEM IOBEPUTEIIEHOM
MPOCTPAHCTBE T'PYIILI poOOTOB» mpu moauepxkke PODU 15-57-06010. Yacts pabot
BBITIOJIHEHA B COOTBETCTBUH ¢ ['0CyIapCTBEHHOM MpOrpaMMoOi KOHKYPEHTOCIIOCOOHOCTH
Poccutiickoit ®eneparuu mpu Kazanckom dheaeparbHOM YHUBEPCUTETE.

14.
15.

16.

17.
18.

20.

BUBJIMOI'PAGMYECKUI CITMCOK

Budkov V.Y., Prischepa M.V., Ronzhin A.L., and Karpov A.A. Multimodal human-robot inter-
action // In Ultra Modern Telecommunications and Control Systems and Workshops, Int. Con-
gress Ultra Modern Telecommunications, 2010. — P. 485-488.

Birk A., Schwertfeger S., and Pathak K. A networking framework for teleoperation in safety,
security, and rescue robotics // IEEE Wireless Communications. 16.1, 2009: 6-13.

Yakovlev K., Khithov V., Loginov M., and Petrov A. Distributed Control and Navigation Sys-
tem for Quadrotor UAVs in GPS-Denied Environments // IEEE Int. Conf. on Intelligent Sys-
tems, Springer Int. Publishing, 2015: 49-56.

Buyva A., Afanasyev |., and Magid E. Comparative analysis of ROS-based Monocular SLAM
methods for indoor navigation // Ninth International Conference on Machine Vision. — Interna-
tional Society for Optics and Photonics (2017). — P. 103411K-103411K-6.

Li B., Ma S., Liu T., and Liu J. Cooperative negotiation and control strategy of a shape-shifting
robot // IEEE Int. Symp. on Safety, Security and Rescue Robotics, 2008: 53-57.

Michael N., Shen S., Mohta K., Mulgaonkar Y., Kumar V., Nagatani K., Okada Y., Kiribayashi
S., Otake K., Yoshiba K., Ohno K., Takeuchi E., and Tadokoro S. Collaborative mapping of an
earthquake-damaged building via ground and aerial robots // Journal of Field Robotics, 2012:
832-841.

Sokolov M., Lavrenov R., Gabdullin A., Afanasyev I., and Magid E. 3D modelling and simula-
tion of a crawler robot in ROS/Gazebo // Int. Conf. on Control, Mechatronics and Automation,
2016: 61-65.

Alishev N., Lavrenov R., and Gerasimov Y. Russian mobile robot Servosila Engineer: design-
ing an optimal integration of an extra laser range finder for SLAM purposes // Int. Conf. on
Artificial Life and Robotics, 2018: 204-207.

Qt framework, https://www.qt.io/.

. Magid E., Tsubouchi T., Koyanagi E., and Yoshida T. Static Balance for Rescue Robot Navi-

gation: Losing Balance on Purpose within Random Step Environment // Int. Conf. on Intelli-
gent Robots and Systems, 2010: 349-356.

. Karpov A., Carbini S., Ronzhin A., and Viallet J. Two similar different speech and gestures

multimodal interfaces. Multimodal User Interfaces. (Berlin, Heidelberg, 2008. — P. 155-184.

. Lukin A. and Kubasov D. High-quality algorithm for Bayer pattern interpolation // Program-

ming and Computer Software 30.6 (2004). — P. 347-358.

. Magid E., Lavrenov R., and Khasianov A. Modified spline-based path planning for autono-

mous ground vehicle. Int. Conf. on Informatics in Control, Automation and Robotics (Madrid,
Spain, 2017). — P. 132-141.

GitHub video_stream_opencv ROS package: https://github.com/ros-drivers/video_stream_opencv.
Fuentes-Pacheco J., Ruiz-Ascencio J., and Rendon-Mancha J.M. Visual simultaneous localiza-
tion and mapping: a survey // Artificial Intelligence Review. —2015. — Vol. 43 (1). — P. 55-81.
ROS maker OIJHOBpEMEHHOTO IOTOKOBOTO BHIECO 3aXBaTa C MOOWIBHOTO po0OTa;
https://github.com/chupakabral996/lirs_ros_video_streaming.

V4L2; https://linuxtv.org/downloads/v4l-dvb-apis/uapi/v41/v412.html.

Yinli L., Hongli Y., and Pengpeng Zh.. The implementation of embedded image acquisition
based on V4L2. In Electronics, Communications and Control (ICECC) // International Confer-
ence on IEEE, 2011. — P. 549-552.

. Sokolov M., Lavrenov R., Gabdullin A., Afanasyev I., and Magid E. (2016, December). 3D

modelling and simulation of a crawler robot in ROS/Gazebo // In Proceedings of the 4th Inter-
national Conference on Control, Mechatronics and Automation. — P. 61-65.

Ohno K., Morimura S., Tadokoro S., Koyanagi E., & Yoshida T. (2007, October). Semi-
autonomous control system of rescue crawler robot having flippers for getting over unknown-
steps // In Intelligent Robots and Systems, 2007. IROS 2007. — P. 3012-3018.

307


https://github.com/ros-drivers/

M3Bectust ODY. Texuuyeckue HayKu Izvestiya SFedU. Engineering Sciences

13.

14.

15.

16.

17.
18.

20.

REFERENCES

Budkov V.Y., Prischepa M.V., Ronzhin A.L., and Karpov A.A. Multimodal human-robot inter-
action, In Ultra Modern Telecommunications and Control Systems and Workshops, Int. Con-
gress Ultra Modern Telecommunications, 20106 33. 485-488.

Birk A., Schwertfeger S., and Pathak K. A networking framework for teleoperation in safety,
security, and rescue robotics6 |IEEE Wireless Communications. 16.1, 2009: 6-13.

Yakovlev K., Khithov V., Loginov M., and Petrov A. Distributed Control and Navigation Sys-
tem for Quadrotor UAVs in GPS-Denied Environments, IEEE Int. Conf. on Intelligent Sys-
tems, Springer Int. Publishing, 2015: 49-56.

Buyva A., Afanasyev I., and Magid E. Comparative analysis of ROS-based Monocular SLAM
methods for indoor navigation, Ninth International Conference on Machine Vision. Interna-
tional Society for Optics and Photonics (2017), pp. 103411K-103411K-6.

Li B., Ma S., Liu T., and Liu J. Cooperative negotiation and control strategy of a shape-shifting
robot, IEEE Int. Symp. on Safety, Security and Rescue Robotics, 2008: 53-57.

Michael N., Shen S., Mohta K., Mulgaonkar Y., Kumar V., Nagatani K., Okada VY., Kiribayashi S.,
Otake K., Yoshiba K., Ohno K., Takeuchi E., and Tadokoro S. Collaborative mapping of an
earthquake-damaged building via ground and aerial robots, Journal of Field Robotics, 2012:
832-841.

Sokolov M., Lavrenov R., Gabdullin A., Afanasyev I., and Magid E. 3D modelling and simula-
tion of a crawler robot in ROS/Gazebo, Int. Conf. on Control, Mechatronics and Automation,
2016: 61-65.

Alishev N., Lavrenov R., and Gerasimov Y. Russian mobile robot Servosila Engineer: design-
ing an optimal integration of an extra laser range finder for SLAM purposes, Int. Conf. on Arti-
ficial Life and Robotics, 2018: 204-207.

Qt framework, https://www.qt.io/.

. Magid E., Tsubouchi T., Koyanagi E., and Yoshida T. Static Balance for Rescue Robot Navi-

gation: Losing Balance on Purpose within Random Step Environment, Int. Conf. on Intelligent
Robots and Systems, 2010: 349-356.

. Karpov A., Carbini S., Ronzhin A., and Viallet J. Two similar different speech and gestures

multimodal interfaces. Multimodal User Interfaces. Berlin, Heidelberg, 2008, pp. 155-184.

. Lukin A. and Kubasov D. High-quality algorithm for Bayer pattern interpolation, Program-

ming and Computer Software 30.6 (2004), pp. 347-358.

Magid E., Lavrenov R., and Khasianov A. Modified spline-based path planning for autono-
mous ground vehicle. Int. Conf. on Informatics in Control, Automation and Robotics (Madrid,
Spain, 2017). — P. 132-141.

GitHub video_stream opencv ROS package: https://github.com/ros-drivers/video_stream_opencv.
Fuentes-Pacheco J., Ruiz-Ascencio J., and Renddén-Mancha J.M. Visual simultaneous localiza-
tion and mapping: a survey, Artificial Intelligence Review, 2015, Vol. 43 (1), pp. 55-81.

ROS paket odnovremennogo potokovogo video zakhvata s mobil'nogo robota [ROS package
simultaneous  streaming video capture from mobile robot]. Available at:
https://github.com/chupakabral996/lirs_ros_video_streaming.

V4L2; https://linuxtv.org/downloads/v4l-dvb-apis/uapi/v41/v412.html.

Yinli L., Hongli Y., and Pengpeng Zh.. The implementation of embedded image acquisition
based on V4L2. In Electronics, Communications and Control (ICECC), International Confer-
ence on IEEE, 2011, pp. 549-552.

. Sokolov M., Lavrenov R., Gabdullin A., Afanasyev I., and Magid E. (2016, December). 3D

modelling and simulation of a crawler robot in ROS/Gazebo, In Proceedings of the 4th Inter-
national Conference on Control, Mechatronics and Automation, pp. 61-65.
Ohno K., Morimura S., Tadokoro S., Koyanagi E., & Yoshida T. (2007, October). Semi-
autonomous control system of rescue crawler robot having flippers for getting over unknown-
steps, In Intelligent Robots and Systems, 2007. IROS 2007, pp. 3012-3018.

CraThlo peKOMEHIOBAN K OIMyOJIMKOBaHMIO J.T.H., Tpodeccop M.IO. Mensenes.

308



Paznen V. Texuuueckoe 3peHue

Marnn EBrennii ApkaanseBnd — Kazanckuii henepanshelii yauBepcuret; e-mail: magid@it.kfu.ru;
r. Kazans, yi1. Kpemiesckas, 35; ten.: +78432213433; PhD; npocdeccop; 3aB. kadenpoii HHTEIIICK-
TyalbHOH POOOTOTEXHUKH.

JlaBpenoB Poman Onerosud — e-mail: lavrenov@it.kfu.ru; acnmpant; M.H.C.
Magpun Unbsa AnaroabeBud — e-mail: i.a.mavrin@gmail.com; cTyneHT.
Cadun Pamuias HaduymnoBnd — e-mail: safin.ramil@it.kfu.ru; mabopant-uccienoBares.

Magid Evgeni Arkad’evich — Kazan Federal University; e-mail: magid@itkfu.ru; Kazan, 35,
Kremlevskaya street; phone: +784322-3433; PhD; professor; head of Intelligent Robotics Department.

Lavrenov Roman Olegovich — e-mail: lavrenov@it.kfu.ru; postgraduate student; research associate.
Mavrin Ilya Anatol’evich — e-mail: i.a.mavrin@gmail.com; undergraduate student.

Safin Ramil Nabiulovich — e-mail: safin.ramil@it.kfu.ru; research assistant.

309


mailto:magid@it.kfu.ru
mailto:safin.ramil@it.kfu.ru

