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POBOT «CEPBOCHJIA UHKEHEP»: PABPABOTKA CEPBEPA IIEPEJIAUN
BUJIEOTIOTOKA U MHTEP®ENCA YIIPABJEHMA MO ®PEHMBOPK ROS

Ilpedcmasnena pazpabomra npoepammuozo obecneuenus (I110) ons ynpasnenus u nepeoauu
BUOEONOMOKA € Kamep poccutickozo 2ycenuynozo poboma « Cepeocuna Huscenepy. Onucvigaiom-
ca y3abl poboma, e2o mexHudeckue XapaKxmepucmuKy, XapaKmepucmuKku onepayuoHHol cucne-
Mmbl, ocobennocmu ecmpoernozo APl u 110, npomokon 0annvix Ona ynpasienus pobomom u e2o
menemempuu, U NEPEHUCTAIOMCA HEOOCMAMKU CUCEMbl U NPOMOKOIA, KOMOopble COenanu Heoob-
xooumou paspabomky cobcmeennozo I10. Ilpu nomowu paspabomarnnoeo I10 nonvzosamens
MOdicem ynpasisims poobomoMm, He ucnonv3ys oxcoticmux. Paspabomannoe 110 cocmoum u3 6u6-
JUOMeEKU YOaIeHHO20 Ynpaesienus u spapuueckozo unmepgeiica noavzosamens (GUI) ons ynpas-
Jaenus pobomom. bubnuomexa noodepowcusaem pabomy ¢ pob6omomexHuueckol onepayuoHHou
cucmemoti ROS. B cmamve onucvligaemces cocmag u g3aumooeticmeue mMooyiei paspabomanio2o
I10, a maxaice noopobHo onucvleaemcs apxumexmypa oubnuomexu yoaneHHo2o ynpasnenus. /s
KOppekmHo20 ynpaeienus pobomom uz gpeimsoprka ROS, komanowvl ons ynpaenenus pobomom
OdondtcHbl nooasamucsa 6 cucmeme CHU. [{ns amoeo 6vi1 nposedeHn pad IKCHEPUMEHNO8 NO BbIUUC-
JIEHUI0 napamempos npeobpaso8anus TUHEHbIX u yenogwix ckopocmeil. ROS-npoepamma noseonsa-
e YOaneHHO UCNOIb308amb pOBOMA, YMO NAAHUPYEMCs 3a0eUCBO8AMb 8 PeXcUume A8MOHOMHO-
20 NIAHUPOBAHUSL MAPUPYMA POOOMA U €20 UCNONb30BAHUA 6 3a0AUAX AEMOHOMHO20 0OHOBDe-
Mmenno2o kapmoepaguposanust u noxkanuzayuu (SLAM). Boir cozoan ROS-naxem, nossonsowuii
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 6yghepos ycmpoucmea 6 namsns npuio-
JHCEHUS. NOBLICUNL NPOUZBOOUMENLHOCTb, YCIMPAHUS USTUUWIHIE KONUPOBAHUA. B cmamve demoncm-
PUPYIOMCSL pe3yIbmamyl CPAGHEHUs pa3pabOmManHo20 NaKema ¢ Cywecmaylouum naKemom, 0CHoO-
sannom Ha 6ubruomexe OpenCV. [lpu smom coz0annvitl nakem pabomaem ¢ pasiudHbIMU Gop-
mamamu uzobpadicenuii u e sasucum om OpenCV. Ilo pesyrvmamam dKCnepumMeHmanbHbix cpag-
HeHUll NPo2pamMMmHbIX OUOIUOMEK NPU PA3IUYHOU HA2PY3Ke ObLiU COeNaHbl 8bIB00bL O CYUECEEH-
Hom cHudcenuu Haepysku Ha CPU npu ucnoavzosanuu paspabomannozo nakema.

Ipoepammnoe obecneuenue; nepeoaua sudeonomoxa; V4L2; pobomomexnuueckas onepa-
yuonnas cucmema ROS; OpenCV; mobunvhuiil 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 HacTosiee BpemMst MOOMIIbHBIE POOOTHI BCE Yallle UCIIOJIB3YIOTCS JUIs
pelIeH s IIUPOKOTO CIIEKTPa 3aa4 — OT COLUATLHOTO B3AaMMOICHCTBHS ¢ 4eoBeKoM [1]
JI0 OTIACHBIX TIOMCKOBO-CTIacaTeNbHbIX onepanuii [2]. CoBpeMeHHBIC MOGHIBHEIC POGO-
ThI MOTYT paboTaTh BHYTPU MOMEIICHUI M Ha OTKPBITOH MECTHOCTH, HO TpeOyroT 3¢-
(EeKTHBHON CHCTEMbl aBTOHOMHOI HaBUTAllMM B HEM3BECTHOM OKPY)KEHHH, Il HEBO3-
MOJKHO HCIIONIb30BaHME cucTeM riobansHoro mosununonupoBanus [JIOHACC, GPS u
apyrux [3]. Taxxe poboty TpeOyeTcss OoJblIasi BHIYUCIUTENEHAS MOIIHOCTD Ul OCY-
LIECTBJICHUS] PaOOTHI AJITOPUTMa OJHOBPEMEHHOMW JIOKAJIU3AUU U KapTorpadupoBaHUs
(SLAM) [4], Bo3MoOxkHOCTh Tiepenaud HHMOpMALUKH MeX Iy podoTtamu [5] v HABBIKU KO-
MaHJHOTO B3aUMOJICHUCTBUS ¢ Apyrumu poboTtamu [6]. OnHOH H3 KIOYEBBIX (YHKUUI
Ha3eMHBIX TYCEHHYHBIX pOOOTOB SBIISETCS WX HCIOJNB30BaHHE B IOHUCKOBO-
CIacaTeNbHBIX OMEPAlUAX B TOPOACKHX YCIOBHSAX [7], OCOOEHHO B CHTyanusix, KOraa
MIONCKOBO-CIIacaTeNIbHasl ONepars IMPOUCXOJUT B OMACHBIX YCIOBHSAX M MMEETCS II0-
TEHIMaJbHasg Yrpo3a >KU3HU U 3I0pOBBIO CriacaTesneil (HalmpuMmep, OCYIIEeCTBIEHHE IO-
HCKa TOCTPAJaBUINX B 3JaHHAX C OMACHOCTHIO OOPYIIICHHUS).

B nmanHOIt paboTe B Ka4ecTBE MOMCKOBO-CIACATENBHOTO poboTa OyIeT pacCMOTpEeH
poccuiickuii TyceHuuHbIi poboT «CepBocuna Mmxenep». OH 000pynOBaH YETHIPHMS
KaMepaMy U MMeeT KJIIMCHT-CEPBEPHBIN MPOrpaMMHBIH HHTEp(ENC Al yIpaBiIeHus po-
60TOM, MO3BOJISAIOMINI MPONU3BOAUTE IIOCIIEIOBATEIHHOE TEPEKIIOUCHNE MEXIY BCEMHU
KamepaMmu B MpejocTaBiseMoM rpaduueckom unrepdeiice nonpzosarens (GUI); ognako
BO3MO>KHOCTH OJTHOBPEMEHHOTO TOJY4EHHS BUJEO JAaHHBIX CO BCEX YETHIpEX Kamep OT-
cyrcTByeT. B cocraB BcTpoeHHoro nporpammuoro obecredenus (I10) pobora Bxoaut
GUI, kotopslii mo3BossieT paboTaTh TOJIBKO B MPOCTOM PEXHUME TEIEONEpaIr C HC-
MOJIb30BaHUEM JKOHCTHKA U WH(POPMAIMU ¢ OfHON Kamepsl poboTa win 3D-oukos. Ilo-
3TOMY Hallla 3a/ia4ya 3aKimoyanack B paspabotke I10 ¢ BosmorkHOCTBIO HHTETpanuu ¢ ROS
JUTSL YIIpaBIICHUST pOOOTOM 0e3 MCIoIb30BaHms pKovicTika. B ROS peanm3oBano MHOXKe-
CTBO aJITOPUTMOB JIOKAJIM3ALMH, TTOWCKA MapupyTa, pacrno3HaHus o0bekToB, SLAM wu
JOPYTUX ajaropuTMoB. VIMEeHHO mMo3TOMy OMONIHOTEKa A YOAJeHHOTO YIpPaBICHUS
JIOJDKHA MMETh BO3MOKHOCTH yrpasiienus uepe3 ROS, a ve tonpko uepe3z GUI [8].

3axBaT BHJCOIIOTOKA C KaMep poOoTa SBJIAETCS BaXKHON 3afadyei 1id MHOTHX Iie-
nieil, HampuMmep, IS ocyiiecTBieHus BusyaibHoro SLAM [15], rmmanupoBanust map-
mpyrta [13], yenoBekoMamIMHHOTO B3amMmoaeiicTeus [11], Teneonepanyu B ropolIcKux
TIONCKOBO-CIIacaTeNIbHBIX paboTax. B HEKOTOPHIX CHTyalusx HEOOXOIMMO MOIydYaTb M
oOpabaThIBaTh BHJICOJAHHBIE B PEXXHMME peajbHOTr0 BpeMeHH. bomee Toro, B To Bpems,
KaK OJlHA KaMepa MOXKET UCIONb30BaThCsi B MOHOSLAM-anropurmax [15] ans Gecru-
JIOTHBIX JieTaTenbHBIX ammnapatoB (BJIA) u oObdHBIX pOOOTOB, B OoOJiee CIIOKHBIX POOO-
TOTEXHWYECKUX CHCTEMaX MOTYT HCIIOJB30BAThCSA HECKOJIBKO Kamep, HalpuMep, cTe-
peomnapa, Ui peanu3anuu anroputMos ctepeoSLAM. Tlepeuncnennsle alropuTMsl MO-
I'yT TOTpe6OBaTh OOJBIINX BEYHCIUTEIBHBIX PECYPCOB, TEM CAMBIM MOOHJIBHBINA POOOT
OyzmeT HyXIaTbCs B Iepeade CEHCOPHBIX JaHHBIX Ha 00Jee MOIIHOE BBHIYHCIUTENHHOE
YCTPOUCTBO /It 00paOOTKH M aHAN3a JaHHBIX.
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IMostomy Opmm co3man ROS-maker, Mo3BONSIOMHK OJHOBPEMEHHO 3aXBAaTHIBATH
BU/ICOTIOTOK C 4eThIpex Kamep. Crlenyromeil Henbio sSBISETCsS Iepegada BUACONOTOKA
yepe3 OeCIpOBOJHBIE CETH B PEXUME peajbHOro BpeMeHH U peanusanus RTP-cepsepa,
YTO MO3BOJIUT KJIMEHTAM IOTydaTh BHICOJAHHBIE C pOOOTA M YIydIINT MPOIECC TENe-
oTepanyy, TaK Kak OIepaTop CMOXKET MOIydaTh Oonbine nHpopMaImn 06 oKpyKaromeit
cpeze.

dusnyeckue xapakTepucTuku pooora «CepBocuia UnxkeHep». I'yceHHUHBIN
pobot «CepBocuia MHxeHep» CIPOSKTHPOBAH M MPOU3BENEH POCCHHCKOW KOMIaHUEH
«CepBocuia» aist pabOThI B CIOKHBIX YCIOBHSX MECTHOCTH (HAIpUMep, UCCIEJOBaHNE
TYHHEJeH U TpyOOmpoBOIOB, AHHINA aBToMoOMei U T.4.) [19]. Pobor «Ceprocuia Un-
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 OCBCIICHHOCTH W MAaHUIIYJIATOPOM [JIA
3axBaTa W NEPEeMEUICHHUs] MOTEHIIMAJIBHO OIACHBIX OOBEKTOB M OTKPBIBAHMS JBEpeil B
pexuMe Teneonepanuy. Tpu U3 YEThIpeX KaMep Ha rojoBe podoTa pacHoIOKEeHBI B Ie-
penHeli yacTu M 0JlHa Kamepa — Ha 3a/iHel: epeHsIsl KaMepa ¢ ONTUYEeCKUM yBeJIHYeHHU-
eM, TepelHss Mapa IIHPOKOYTOJIBHBIX KaMep (cTepeomapa), MIMPOKOYrojbHAs Kamepa
3a7Her0 BuAa. B posm GOpPTOBOTO BBIYMCIUTENS BBICTYNAET ABYXBSACPHBIN ((pu3Mue-
ckue sapa) mporieccop Intel® Core ™ 17-3517UE (1.70I'Tu). Ha poGota mpeaycTaHoB-
neHa onepanronnas cucrema 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. Cepgepnoe I10. D10 nporpamma, 3amyckaemas Ha podote npu ero crapre. OHa
OJIy4yacT KOMaHAbl OT KJIMEHTCKOH MporpaMMBbl U OTHPABJIACT HA He€ B OTBET TEJIEMET-
puro pobora.

2. Knuenrckoe I1O (Operator Control Unit - OCU). Dta nporpamma ycTaHaBIHBa-
€TCA Ha KOMIIBIOTEP MOJIB30BaTEIIA U OTHPABIIACT KOMaHAbl Ha CEPBEP. KOMaHJlBI nepe-
naroTcst maketamu (Tabia. 1). Jlns ynpaenenus podotoM Heobxoaumm JukorcTHk XBox.
[Nepen xaxabIM MCIIOIB30BAaHHEM [DKOWCTHK JOJDKEH ObITh oTKanmubposaH. [Iporpamma
0TOOpaXKaeT M300pakeHNe C OJHOW KaMephl M TEKyIee cXxeMaTHdeckoe M300pakeHne
po0boTa B yriIy OKHa.
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Tabmuma 1
IMakeT MaHHBIX JJIS1 yIPaBJIeHUsI POOOTOM
TTone Frame | Axis | ... | Axis | Button | ... | Button | Video bit | O6mwuit
type #0 #15 #0 #15 rate te- pasmep
ID lemetry
Pazmep 57
(6aiiT) 1 2 2 1 1 8
Tun uint8 intl6 | ... | intl6 uint8 uint8 double

Knuentckas mporpamma OTIPaBIISeT MAKeThl TaHHBIX HAa CEpBEP ISITh pa3 B Ce-
KyHIy. DTH MakKeThl COAep KaT MHPOPMAIIUIO O KHOMKAX U JHKOUCTHKAX KOHTPOJUIEpa
Xbox 360. Po6ot ornpasnsier B OCU makets Tenemerpuu (tabn. 2), T.e. unpopma-
LU0 O KaMepax U CEepBONPUBOJAX, OAMH pa3 B CeKyHAy. MHpopmauus oT Kaxmoro
JIBUTATENIS TPEICTABISACT U3 ceOsl MakeT JAaHHBIX, MOAPOOHO OMUCAHHBIN B Tabm. 3.
Takxe 3TOT IPOTOKOJ UMEET BO3MOXKHOCTh OTIPABIATH BHICOKAIPHI C OJHOM KaMepbl
poboTa ¢ 3amepKKoi B 1-2 CeKyHIbI.

Crenyet OTMETHUTD, YTO ITPOTOKOJ UMEET CIIEYIOIUE HEJOCTaTKH:

¢ CusbHasi 3aBHCUMOCTD ITPOTOKOJIA OT UTPOBOr0 KOHTpoJuiepa. [loatomy mroboe
JIBIDKCHHE, KOTOPOE HEBO3MOXKHO C/IENaTh C KOHTPOJUIEPOM Ha rpadUueckoM HHTEp-
¢eiice ot komnanun «CepBOCHIa», HEBO3MOXKHO MOBTOPUTH M C CO3JaHHBIM Tpaduuye-
ckuM uHTEepdeiicom. Hanpumep, oaHO miaccu poOOTa HEBO3MOXKHO 3a/1eiiCTBOBATH OT-
JITIBHO OT IPYToro Kak ¢ 6a30BOro, Tak u ¢ rpadudeckoro uarepdeiica.

¢ IIpoTokos Mo3BoseT NepenaBaTh TONBKO 3HAYEHHUS CKOPOCTH Ha CEPBOIPHBO/IBL.

¢ OrtcyTcTBYET ONMIKMS MPOBEPKH YPOBHSI 3apsia aKKyMYJIATOpa C MOMOIIBIO TPO-
tokoa. [1o 3To# npuunHe onepaTop AOJKEH MOCTOSHHO MOKITI0YaTh AUCILICH K BCTPO-
€HHOMY KOMITBIOTEPY po0OTa, YTOOBI MPOBEPSTH YPOBEHB 3aPSIKU aKKyMYJIATOpA.

¢ OTCyTCTBYET OIIKsI BpAICHHUS MEPBOM OCH MAaHUIYJITOPA OJHOBPEMEHHO C
mraccu pobota. Takum 00pa3oM, HEBO3MOXKHO BPAIIATh ATy OCh, MOKA POOOT HAXOAUTCS
B JIBIKeHHH. POOOT IOJDKEH CHavyalla OCTAaHOBHUTBCS.

¢ OrcyTcTBYeT OmiMs MpoBepku craryca (oHaps pobora. OmnepaTop I0/DKEH
MPOBEPUTH BU3YaJIbHO [0 KaMepaM, BKIFOUEH T (OHAPb.

¢ OrTcyTCTBYET OMIKsI TOBOPOTA 3aXBarta podoTa.

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

Tab6muua 2
IMaker TenemeTpun
Ione Frame Tick Number | Motor | ... | Motor | Not | OOmuii
type number | of mo- data data used | pasmep
ID tors #0 #9
Prawey | g 8 1 2 || 24 |25 | %P
(6aifT)
Tun uint8 uint64 uint8 struct | ... | struct -
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Tab6muma 3
ﬂanm,le C KaxKa0ro Asurareas

ITone Pa3smep Tun
Device ID 1 byte uint8
Device state 1 byte uint8
Operation mode 1 byte uint8
Position 4 bytes uint32
Speed 2 bytes int16
Amps 2 bytes intl6
Status bits 2 bytes intl6
Position command 4 bytes uint32
Speed command 2 bytes int16
Amps command 2 bytes int16

Pa3pa6oTka mporpaMMHOro odecrnedeHus JJisi ynpasJjenus podorom. ['padu-
yeckuid uHTEpPeiic podoTa or kommannu “CepBocuia” 00ecredUBacT TOIBKO 0a30BEIC
¢ynkmu. OnepaTop MOXET YIpaBIATh pOOOTOM B pealbHOM BPEMEHH TOJIBKO C IIOMO-
b0 UrpoBoro kourposutepa Xbox 360. Ilo aToii mpuunHe ObLIO pelieHo pa3paboraTh
HOBYIO Ipa)UuecKyr0 000J0YKY M OHOJHOTEKY YAAJCHHOTO YIPABICHUS C PACUIUpPECH-
HBIMHA (DYHKI[MOHAJIBHBIMH BO3MOXHOCTSAMHU. Tarkke pa3paboTaHHOE MPOrpaMMHOE
obecrieueHne J0JDKHO obecrieunBarth ynpasieHue podorom u3 dpeiimBopka ROS. Ilo-
9TOMY TIPHHSITO PEIICHIE Pa3IeIUTh MPOrpaMMHOE 0OecrieueHIe Ha TpU YacTH (puc. 2).

1 Software .

L}

H L}

APl of the |. ’ . ‘ ’ Graphical '
» ] Library [= : User H

robot \ :
Interface |

O\ 1

: E

i ROS node |}

: 1

' :

Puc. 2. Cxema co3z0annozo npoepammmozo obecneuenus

bubnnorexa ynajgeHHOro yIpaBIICHHsS SIBISETCS NOCPEJIHUKOM MEXIy rpaduue-
ckuMm uHTepdeiicom n nporpammoii ROS Ha koMIbroTepe HoNb30BaTelsi U POOOTOM.
OHa ucnonb3yeTcs Ul OTIPaBKH KOMaHJI poOOTY, a Takke HOoyueHus: HHPOpPMaIUu ¢
KaMep U cepBOIpuBOIOB. bubnmoTeka npeacrasister codoit Habop Qpyukuit (API), uc-
HOJIB3yeMBIX JUTS yrpaBlieHus: pobotoM. Podot ynpaeinsercs uepe3 Wi-Fi wim paamo-
cBs13b. KOMaH/IpI MHKATICYIMPOBAHBI TPOTOKOJIOM JMCTAHIIMOHHOTO YIIPABJIECHHS, pa3pa-
OotanHbIM KoMmaHueit «CepBocuiay (tadm. 1).

bubnuoreka ynmaneHHOrO  yNpaBIEHHWS pealn3oBaHa Kak — JAWHAMHYECKH-
MOJKIIIO4aeMblid ain (* .S0-¢aiin). Takoi moaxoJ JaeT BO3MOXKHOCTH HCIOJIb30BaTh
OuOIMOTEKY B pa3HbIX NpHIOKeHUsx. Hampumep, nporpamMma ¢ alrOpUTMOM aBTOHOM-
HOTO TTOMCKA IMyTH JJIs1 poO0Ta MOXKeT OBITh peau30BaHa C HCIOIH30BAHUEM 3TOH O1O-
JIMOTEKH YAAJICHHOTO yIIPaBICHUSL.
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Coznannas GMOIMOTEKA COMEPIKUT CIeAyromue 00beKTh (puc. 3):

¢ Crpykrypa RobotConfiguration comep:kur HaGOp MaKCHMAaJbHBIX CKOPOCTEH
IS COWICHEHHH poboTa U APYTryro HHPOPMALIHIO O HEM.

¢ Kiacc Robot cinyxut 06epTkoii KOHTpOILIEpa U OTIPABISAET CKOPOCTH B METO-
JIbI KOHTPOJLIEpa.

¢ Kiacc RobotController 3anyckaer otnenbubiii motok st knacca UDPClient u
yIpaBIsieT poO0TOM, U3MEHSIS 3HAUCHHUS CKOPOCTEH B MAKETE YAAICHHOTO YIPABICHHS.

¢ Kiacc RobotPositionController pacmupsier RobotController, on Moxet ynpas-
JISATH CYCTAaBaMH M0 MOJIOKEHUIO.

¢ Crpykrypa RobotSI mpeobpasyer komauasl B cuctemy Sl (MexmyHapomHas
cHCTEeMa eIUHMII), TIO3TOMY MOXKET 00pabaThIBaTh 3HAYCHHUS CKOPOCTH B M/C H pa/c.

¢ Crpykrypa RobotPackets cogepxut peanusaruio nmaketos u3 mpotokona API.

¢ Kuacc UDPClient npencrasnsier co6oi ciyx0y OTIPaBKU AaHHBIX HA pOOOTA.

Remote Control Library ar
Signals &
Slots
RobotSI

Robot

RobotConfiguration

RobstPakats RobotPosition

Controller
RobotController |— UDPClient
........................... [mmmmmm———
Wi-Fi

Puc. 3. Cxema bubauomexu eneuine2o ynpagienus

bubnuoTeka Oblta MoCTpoeHa ¢ mpuMeHeHneM (make u g++ ¢ ucmoap30BaHHEM
¢bpeiimBopka Qt [9]. bubaroreka paboTaeT B CBOEM IOTOKE U COEAMHSIETCSI ¢ rpadude-
ckuM uHTepdeticom u nmporpammoit ROS ¢ ucronp3oBanneM curaaioB Qt u cioToB. ITo
peleHre T03BOJIMIIO T0OBOJILHO OBICTpO paspaborats 110 ynpasnenns poboToM, HO He-
00XOJIMMO MMOJUYEPKHYTh HEKOTOpPBIE HEAOCTAaTKH ATOro pemreHus. [Ipexne Bcero, Kax-
JI0€ TPUJIOKEHHUE, KOTOPOEe IIIaHUPYeT HCIIOIb30BaTh OMOIMOTEKY, MOIDKHO BKIIOYAThH
6ubmrorexkn Qt 1A MOANEP)KKM MEXaHM3MOB CUTHaJIOB M cioToB. [lo aToil mpuumHe
MPUIOKEHUE TOJDKHO BKIFOYaTh OuOnuoreku Qt B cBOil mBowuHbIi (aiin (4To pesko
YBEJMYUBAET pa3Mep JBOMYHOTrO (haiiyia) ui AMHaMHUYecKH MOKIoYaTh onbmrorexn Qt
(a0 B CBOIO Ouepens ycranariuaer orpanndenuss Ha OCU). [lostomy B Oyayiiem y Hac
€CTh IUIaHbI IepenucaTh OOIMoTEKy 0e3 3aaeiicTBoBaHUsS MexaHu3MoB Qt Ha s3bike C++
6e3 NCTIOIB30BaHMUS KaKUX-IN00 ONOINOTEK, PPEeHMBOPKOB MIIH APYTHX 3aBUCHMOCTEH.

Kitacc UDPClient B 6ubnnoTeke HHKANCYIUPYET CTATHYECKUI 0OBEKT IS peasiu-
saru UDP-cokera. UDPClient paboTaet B cBoeM NOTOKE W OTIPABISIET MAaKeT IO Taid-
Mepy ATk pa3 B cekyHay. Oneparuun ¢ GUI (uim komanast u3 nporpammsl ROS) n3me-
HSIOT IaKeT.

[akets! Tenemerpun (cM. Tabi. 2) HECYT B cede CIIEAYOIIYI0 HHPOPMALHIO:

¢ CocrosiHue BUTATEN.

¢ IlonoxeHune Baya IBUTATEIS.
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YacroTa BpalieHus Bajia JBUTATENs.
Cuita TOKa Ha IBUTATEE.
CKopocCTb.

®nar oOHapyKEeHUs OLIHOKH.
CueTymk ONMoOOK.

[Taker TeneMeTpun coaepkUT nHMGOpMaNUIo 0 KakaoM asurarene. Hpopmanus o
MIOJIOXKEHUHU Baja JBUraTelIs UCIOJIb3YyeTCs B YIPaBICHUH NonokeHueM. OCHOBHas Ipo-
OJeMa 3aKJIF0YaeTcsi B TOM, YTO JIBUTATEIM IIACCH HE UMEIOT MHPOPMAIMU O TEIeMEeT-
pUH #, TaKUM 00pa30M, €IWHCTBEHHBIN CIIOCOO pacdera pacCTOSHHS — 3TO MPOU3BEe-
HHE CKOPOCTH M BPEMEHH IBIDKCHHS. JTO PEUICHHE CYIIECTBEHHO MEHEE TOYHO, YeM
HCTIOJIB30BaHUE SHKOJIEPOB.

3HaueHHE CKOPOCTH B TMPOTOKOJE SBIIETCA IETBIM YHCIOM B [HAlla3oHe OT
—32768 nmo +32767. IlpuunHON TaKoro Auana3oHa SIBISIETCS KOAUPOBAHHE CKOPOCTH Kak
TMO3MIIMK YIPABJIAIONIMX JHKOHCTHKOB UTpoBOro KoHtpostepa Xbox 360. bubnuoreka yaa-
JICHHOTO YIPAaBJICHHUs JOJDKHA UMETh BO3MOKHOCTh MPHHUMATh 3HAUYEHHUsI CKOPOCTH B M/C,
41O HE0OX0oAMMO Ui ynoOcTBa noss3oBatens U 1is ROS-nporpammer. YtoOb! uieHTH(H-
LIMPOBaTh COOTBETCTBHE MEXKAY aOCTpaKTHBIMU KoManzamu APl 1 IBHKEHHEM B peasbHOM
MHUpe, OBLITU IPOBE/ICHBI SKCIIEPUMEHTBI JUIsL IPSIMOTO U BPAIATEILHOTO ABMKEHHH poOoTa.

OcHOBHasi ujes HKCIIEPUMEHTa 3aKIII0YaeTcsi B CIEAYIOIIEM: YTOObI Mpeodpa3o-
Bath yucina APl B enunuiel u3mepenus cuctembel CU, cieyer conocTaBUTh CKOPOCTh
BpaleHns TPEKOB B 3aBUCHUMOCTH OT KoMaHA API, otmpaBieHHBIX poboTy. Koppemsamus
MEX]Ty STUMH 3HAUYCHUSAMH IOJDKHA OBITh BBIpa)keHa KakK JIMHEHHOE COOTHOIIICHHE MEX-
Ny 3HaueHusIMH koMaHa AP| 1 peasbHOI CKOPOCTBIO B METPaxX B CEKYHIY.

* & & o o

Puc. 4. Pobom 6 ghuxcuposantoii nozuyuu npu npo8eodeHuu IKCHepUMeHmos

[Tnan sxcniepuMenTa:

1. YcranoBuM poOOT TakuM 00pa3oM, YTOObI HUYTO HE BIMAJIO Ha CKOPOCTH Bpa-
IICHUS TYCEeHUI] (BKITI0Yas TPEHHE).

2. 3mepsieM JUIMHY T'yCEHUII.

3. OrnpasiisieM poO0Ty KOMaH/Ibl HOCTOSIHHOH CKOPOCTH.

4. BriOupaeM OTHOCHTENBHO O0ubIoe KomdecTBO N MOJHBIX 000POTOB JTOPOKEK
JUISL OTCIIEKHUBAHMS.

5. Uzmepsiem Bpems t, HEOOXOUMOE ISl TOTO, YTOOBI T'yCEHHIIBI TTOJTHOCTHIO MPO-
kpytmncs N pas.

6. BeraucisieM peaqbHYIO CKOPOCTh B METPax B CEKyH/Iy 110 ypaBHEHH0: VI = I*N/t.

300



Paznen V. Texuudeckoe 3peHne

Tabmuma 4

IKCIepuMEeHTHI N0 MOUCKY K03 HuuenTa 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 ycTaHOBINICH Ha ABYX O0Kax (cM. puc. 4) Tak, YTOOBI TyceHHUIBI podoTa
HeE KacaJluch OJIOKOB BO BpeMs ABMXeHUs. Ha ocHOBHOM KopIyce poboTa M Ha T'yCEHUIIE
OBUTH MOMEIIEHBI METKHU, YTOOBI CIEIUTh 32 KOJIMUECTBOM 000poToB. Ilpu coBnaneHnu
MeTok (uKcupyeTcss 00opoT ryceHuusl. JlnmHa ryceHuus! | cocrasmser 1,15 merpa.
Yucno obopotoB N 1y oTce)kuBaHus BpeMeHHU ObLIo ornpeneneHo kak 40 000poToB.

Pe3ynbTaThl SKCHEPUMEHTOB MMOKa3ajH, YTO LeJble 3HAYCHUSI CKOPOCTH, KOTOpBIE
OTIIPABIAIOTCS POOOTY, MPSMO MPONOPLHMOHATBHBI (JIMHEHHBI) MOJIYYEHHOW CKOPOCTH
MIPSMOJIMHEWHOTO JBIDKCHUS W BpamieHus. bbutn BeramcieHs! 3TH aBa KoddduimenTa
ITyTeM IpeoOpa3oBaHMs LIENOYHCICHHBIX 3HaYeHUH B cuctemy CH. Jlng nuHeiHoTro 3HAa-
yenust arokenns Iv = 72021,73913 u mis Bparnatensaoro gapmwkenus Ir = 24000. Uto6s
MOJYYUTh CKOPOCTh B M/C M Paj/C, LEIOYNCIICHHbIE 3HAYEHHUs AEIHINCh Ha AT KOH-
CTaHTHI. Pe3ybTaThl 9KCIIEPUMEHTOB TPEICTaBIEHBI B Tab1. 4—7.

Tabauma 5
JKCcHepuMeHTHI N0 MOUCKY Ko3(¢ruueHTa npeodpa3oBaHusi YIj0Boi 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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Ta6muma 6
Tabauna pacuera ko3pduunenTa npeodpazoBaHus JUHEIHHOH cKOPOCTH
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 pacyera ko3¢ puumreHTa NpeodpPa3oBaHUA YIJI0BOH 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 ONpPEIENIUTh KO3(D(DHUIMEHThI KOppems-
[[UH, MPEICTaBICHHbBIC B Ta0M. 6, 7. DT K03 GUIMEHTHI UCTIONB3YIOTCS Jajiee UIs mpe-
obpazoBanust API-komanx B peanbHble ckopocTH. [lomydeHHbIe pe3yabTaThl ObIIH 3aITH-
caHbl B kiacce RobotSI.

Co3nanne ROS-nmakera mo ynpapjieHHI0 Po0GOTOM HA OCHOBE HAIIMCAHHOI OUO-
Jmortekn. Pobot «CepBocuiia MHxkeHep» OyzieT nCIosb30BaThCst VIS pa3pabOTKH alrOpHT-
MOB aBTOHOMHOI JIOKaJIM3aliH, KapTorpadupoBanus 1 rianupoBanus mytH [20]. J{nst aToro
HeoOxomuM Moyl (porpamma) ¢peiiMBopka ROS st ympasnenust podorom. B mipo-
rpamMax QpeiimBopka ROS wucnone3yroTcss KomaHpl TnepemerieHuss B - (opmare
\geometry _msgs\Twist, KOTOPBIi COAEPHKUT JIMHEUHBIE (110 BCEM OCSM) U YIJIOBBIE CKOPOCTH
(Taxoke 1Mo BCEM 0CsM), I3MEPEHHbIE B METPax M paraHax COOTBETCTBEHHO. [loaToMy 31€ch
Hy)XHa (QYHKIHS IpeoOpa3oBaHMs CKOPOCTH, 3aIMCaHHAs B yIaJIeHHONW OMOIMoTEKe.

Pa3zpaboTannas OmbOnmMoTeKa ympaBlieHHS BKIOYAeTCs MpHU cCOOpKe B MPOTpamMmy
ROS. TIporpamma npuauMaet komauapl ROS u3 motoka \move_base u otnpasisiet ko-
MaHAbl poboty yepe3 coeamnenune Wi-Fi. [lns storo Ombnmorteka ObLIa CTaTHYSCKH
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CKOMITHJIMPOBAHA ¥ €€ 3aT0JIOBKU OBLITH BKIFOYCHBI B HCXOMHEIHN (pafin mporpammer ROS.
Iporpamma ROS — 3T0 KOHCONBHAsS TporpamMma. Pabodmii mporiece MPOUCXOANUT B ITHK-
Jie CIeAyIOUMM 00pa3oM:

1. XKnem cooOuieHuii B yka3aHHOM MMEHOBaHHOM NOTOKE JAaHHBIX (Hampumep,
\cmd_vel\).

2. Korza npuxoJur cooOlieHne, OHO pa3fessieTcsi Ha JBE 4YacTH: JMHEHHYIO U
yIIIOBYI0 cKopocTd. Ecnu IuHelHast 4yacTh He paBHa HYJIIO, TO: €CIIU JIMHEHHAas 4acTh
Ooublie uiam paBHa 1o Moxyito 0,2 M/c — oHa oTHpasisieTcsi poOOTy; HHaUe — OTIIPAB-
nsercs nuHeiHast ckopocts 0,2 m/c. Ecnm yrioBas wacTe He paBHa HYIIO, TO: €CIIH
yTIIoBas 9acTh IO MOAYJI0 Ooibine win paBHa 0,2 pan/c — oHa OTIpaBIseTCs PoOOTY;
WHAYe OTIpaBisieTcs yrioBas ckopocts 0,2 pax/c. OTo OBIIO CAETAHO MOTOMY, YTO
CYIIECTBYIOT TEKyIIHE OIPaHUYCHUS AJIs ABUraTeneil pobora, 1 poOOT He ABUTACTCS C
HU3KOH CKOPOCTBIO.

Korzma nporpamMma 3aKkpbIBaeTCs, TO MOCHUIACT HOJIb B KA4ECTBE YIJIOBOH W JIMHEIHOM
CKOpOCTEH, 4TOOBI OCTAHOBUTH POOOTA U IIPEAOTBPATHTH HEKOHTPOIUPYEMOE JIBIIKECHHE.

HuskoypoBHeBbIii 3aXBaT BH/Ie0 ¢ Kamep podora. [l 3axBara BUAEO C Kamep
ObUIa KCIIOJB30BaHa BTOpas Bepcus OubOmuoteku Video4Linux. [lannas Oubmmoreka
OblIa NpeayCcTaHOBJICHA Ha OPUIMHAIBHOM cucTeMe co3naTesiMu pobota. [Iporpammu-
poBanue V4L2 ycTpoiicTBa COCTOUT U3 cieayomux maros [18]:

¢ OTKpbITHE YCTpPOICTRA.

KoHpurypauus napameTpoB yCTpoicTBa.
Br16op BHaeocTaHmapra.

Konpurypauus popmara BUaACOTaHHBIX.

KoHpurypauus MeTo0B BBOJIa-BBIBOJA.

L1k 9TeHUS/3aHCH.

3aKkpeITHE YCTPONUCTBA.

[TapameTpsl BHIEOYCTPOHCTBA HACTPAUBAIOTCS ITyTEM BBI30BA CICIMAJIBHBIX 3aIpo-
coB (ioctl), mpencTaBisOMINX U3 cedsl CHCTEMHBIN BBI30B, 3aJaI0IIUI TapaMeTphl YCTPOi-
cTBa (KOJIMYECTBO KaJPOB B CEKYyHIY, pasperieHue kaapa). [Iponecc paborer V4L2 mpo-
rpamMMBI (pHC. 5) MOKET MEHATHCS B 3aBUCHMOCTH OT cuTyaruy. Hanprmep, peanmzaris
HE 0TOOpaXkaeT MoJlyJyaeMble BUicoJaHHbIe. [IepBOHAYaNbHBIM LIArOM SIBJISETCSI OTKPBITHE
YCTPOCTBA JUIs OCIENYIOMEeH HaCTPOMKH ero mapameTpoB Ui OTOKOBOTO 3aXBaTa BH-
neo. s Toro 4ToOBI MCHOJIB30BAaTh CHCTEMHBIE BBI3OBHI ioctl, (hailyoBbId NecKpHIITOp
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) +

HacTtpoiika
supeo cpopmara

OTKpbITHE
ycTponcrea

Mony.enue kagpa
n3 bycepa
ycTpoicTea

Y

OrobpaxeHue
Kanpa

¥

3anonxexHne
ouepeau
yCTpOACTBA

Puc. 5. Ipunyun pabomwvr V4L2-npunosicenus
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Heo0xoxanMmo Taxkke HaCTpOUTH (hOpMaT MOITyIaeMBIX JaHHBIX ¢ KaMmepbl. «CepBo-
cuna VHxeHep» MMeeT TpH KaMepsl (cTepeomapa M KaMmepa 3aJHEro BHIa), KOTOpPbIE
MOTYT BbLIABaTh Kaapbl B hopmare mabnona Baiiepa [16]. Kaapsl ¢ nepeaneii kamepsl ¢
ONTHYECKAM YBEIHYCHHUEM IPEICTABICHBI B IIBETOBOM IPOCTPAHCTBE yuv (yuyv422).

ITocne HacTpoiiku popmaTa KagpoB BHACONOTOKA, BRIACIACTCA MaMATh mox Oyde-
pHl ycTpolicTBa. Bydep cocTont u3 n3o0pakeHus ¢ KaMepsbl, MOJIYYEHHOTO IyTeM oOMe-
Ha JaHHBIMHM NPUJIIOKEHUEM U JpaiiBepoM ycTpoiicTBa. s ynpaBieHUs NMPOLECCOM
oOMeHa JaHHBIMH MEXy IPHIOKEHHEM H YCTPOHCTBOM HCIIOIB3YETCS METOM MPOCIH-
pPOBaHMS MaMSITH YCTPOICTBAa B MamsTh MPUJIOKEHHsS (mmap). DTO MO3BOJSIET YBEIHU-
YHUTh MPOM3BOIUTEIBHOCTh 3aXBaTa BUJIEO C KaMepbl, N30aBIISsACh OT HEHY)KHOTO KOIH-
poBaHMs AaHHBIX. [IpuiokeHWe W apaiiBep OOMEHMBAIOTCSA yKazaTelsIMHA Ha IAaHHBIC,
KOTOPBIE CTAHOBSITCS JOCTYITHBIMU ITPHUII0KEHHUIO.

Jlanee ocymiecTBIsCTCS 3alpoC Ha TMOyuYeHHe HH(DOPMAIIMK O BhIICICHHBIX Oyde-
pax. Ota uH(OpManUs BKIIOYAET B ce0sl CBEJCHUS O PACIOIOKCHAN Oy(pepoB B MaMsATH
(Ykaszarenu) ¥ MX KOJHUYECTBE (MOXKET OTJIMYATHCS OT 3allpalinBacMoro pasmepa). IIpo-
1[ecC MONyYeHHs KapOB 3aKIFoUaeTcs B ABYX dTanax (puc. 6):

1) sTamn 3anogHeHHst OYepe MyCThIM Oy(epom;

2) aran nony4yenus 6ydepa ¢ JaHHBIMU.

MamATb
NPUNOXEHUA

VIDIOC_QBUF VIDIOC_DQBUF

BxonHan
oyepedb

BiixogHanA
oyepedb

Beoa/sbisog

Puc. 6. Ilpoyecc nonyyenus kaopos V4L2

Jis xaxmoro srtama BbI3bIBaeTcs crernuanbHe 3ampoc (VIDIOC QBUF u
VIDIOC DQBUF). Ha niepoM 3tare Oydep BcTaBiseTcs: B odepelb ApaiBepa yCTPOICTBa.
Bytdep oxummaer MomeHTa, Korzma JApaiBep YCTpOWCTBAa 3allOJIHUT €ro  JJaHHBIMH.
Ha BTOpOoM 3Tane odpabotanHbIii Oydep (C BuaeOaaHHBIME) 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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Peanuzanuss ROS-nmakera ans my6aumkauuu ¢ Kamep podora. M3HayanbHO B
cucreMe poboTa He OBUT ycTaHOBIeH (periMBopk ROS, mosTomy OBLT yCTaHOBIEH CO-
BMmecTuMblid ¢ Ubuntu 14.04 muctpudyrus ROS Indigo. Apxurekrypa ROS-makera co-
CTOWT U3 CIIEAYIOIINX TJIABHBIX YacTei (CM. puc. 7):

¢ VY3er, He3aBUCHMO MyOIUKYIOMNN JTaHHBIE ¢ 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 KaMepbl, TPAHCIUPYET BHICOIOTOK B CO3/IaHHBIC
torukd. JIro0o#l Apyroi y3en, MOAMUCAHHBIA Ha CO3MAHHBIA TOIHK C BUACONAHHBIMH,
MOXET II0JIydaTh JaHHbBIE, 00pabaTeIBaTh WX WIM PETPaHCIMPOBaTh. Vcmoib3yroTcs
ClleyIOIHe TTapaMeTphl MyOIMKYIOLIEro y3ia:

¢ KonuuecTBo KaipoB B CEKYyHIY 3aJaeT KOJUYECTBO BHJICOKAIPOB, MyOJHKYye-
MBIX B TOIHMKH KaXKIYIO CEKYH/Y.

¢ Paszpemienue kajpa: BEICOTa U IIUPHUHA BHJICOKAIPA.

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

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

N3o0paxkeHne ¢ KaMep NCKa)K€HO M TpeOyeT KaMOPOBKH KaMep, YTO SIBISIETCS Ya-
CTBIO IUTAHOB Ha Oyny1ee.

B mpomnecce pa3pabOTKH HPHUIUIOCH CTOJKHYThCS C HECKOJIBKHUMHU IPOOJIeMaMHu.
Hawnbonee cepbe3Hoit n3 HUX SABISIACH MTpolIeMa MOMydeHHsT HEKOPPEKTHOTO BPEMEHU
3axBaTa Kajapa. JlaHHBII mapameTp s[BISETCS Ba)KHBIM Ul peanusanuu crepeoSLAM-
ANTOPUTMOB ISl CHHXPOHHU3AIMH IBYX KaMmep o BpeMeHH. B V4L2 ecTb BO3MOXXHOCTH
MOJIYYUTh BpeMsi 3amojiHeHus Oydepa JaHHbIMH ¢ Kamepbl. OfHAKO AaHHBIA napameTp
ObUT B HEKOPPEKTHOM COCTOSIHMM, W PpEIIeHHe JNaHHOW IpolieMbl ObUIO HaiJeHO B
GitHub-penosuropun 6ubmorekn OpenCV. JlaHHbIE 0 BpeMeHH 3axBaTa Kajapa J0JK-
HBI OBITH M3BJICUEHBI JI0 TOTO, KaK BHOBb pasmeniath Oydep ¢ TaHHBIMH B O4Yepe.b Ipaii-
Bepa ycTpoiicTBa. Bee mocneayromniye TecThl ObIIM MPOBEACHBI B CUCTEME MOOMIBLHOTO
pobota «CepBocuia MHxeHep».

CTOUT OTMETHTD, YTO MPU OTCYTCTBHH NOANMCYUKOB HAa TONHKH C BHJEOAaHHBIMH,
HCIIONB30BaHKe pecypcoB mpoueccopa MuauMansHo (0,4 %). [lpu HaMMYMK MOATUCYH-
KOB CO3JIaHHBIH makeT ucrosssyer 4,4 % pecypcoB npoueccopa. Hukakux nomonHu-
TEJILHBIX JACHCTBUI 110 KOHBEPTAIIMU M300paXkeHusl B Ipyrue Gopmarsl, Takux kak RGB,
He ocymuiecTBisieTcs. Takum 00pa3oM, MOMY4YHUTCS CHU3UTH HArpy3Ky Ha MPOLECCOpP MO-
OunpHOTO poOOTa, HE 3aTpadrBasi PeCypChl Ha JOIOJIHUTENBHYI0O 00pabOTKY /TaHHBIX.
Pa3paboTaHHbIif MakeT HUKaK He 3aBUCHT 0T Oubmnoreku OpenCV.
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Brumn npoananmsuposansl apyrue ROS-makeTsl TOTOKOBOTO BHAco3axBaTa. Ham-
GoJiee pacpoOCTPaHEHHBIM OKa3aJcs MaKeT, OCHOBAHHBIM Ha Gubmnoreke OpenCV [14].
B xone TecTrpoBaHUsS MakeT MoTpeOIsI MEHbBLIE CUCTEMHBIX PECYpCOB B OTIMYHE OT
nakera, 6asupyromerocs Ha 6udnmoreke OpenCV (puc. 9). Eciu B MOTOKOBBIH 3axBar
BHUJICO BOBIIEYEHO OoJblIe KaMmep, TO Harpyska Ha Ipolueccop Oyner pactu. B pexume
NIPOCTOSI, IIPU OTCYTCTBHMHU KIIMEHTOB, nakeT Ha OpenCV mpoaoimkaeT akTHBHO HCHOJb-
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-
nedenns (I10) ans ynpaBneHust ¥ nepegadll BUAEONIOTOKA C KaMep POCCHICKOro ryce-
HIUYHOTO poboTa «CepBocuia Mmxenep». Omnmcansl y3i16l pod0Ta, 0COOCHHOCTH BCTPO-
egroro API u 1O, u 060cHOBaHBI TPUYHHBI, KOTOPBIE CAETAd HEOOXOIUMOU pa3pa-
60oTky cobctBeHHOro I1O. Paspaborannoe IO cocront u3 OHOMHOTEKH YAAIEHHOTO
ynpasieHus u rpadudaeckoro uaTepdetica momp3osarens (GUI) mis ympaenerus podo-
ToM. bubnnoTeka noaiepxkuBaeT paboTy ¢ poOOTOTEXHUUECKOH ONEepalMoHHON CHcTe-
moit ROS. B craTthe omucaH cocTaB W B3auMOJEHCTBHE Moaylel pa3zpabotannoro I10.
ITpu momomm paszpadoranHoro IO momb30BaTeNs MOXKET yNPaBJIATH POOOTOM, HE HC-
noJp3ys jxoitctuk. ROS-nporpaMMa 1o3BoJisieT yAajieHHO HCIOJb30BaTh poOOTa, 4TO
IUTaHUpYyeTCs 3a/efiCTBOBaTh B PEKMME aBTOHOMHOTO IUTAHUPOBaHUA MapIIpyTa poborta
Ha OCHOBE cTatudeckoro Oananca [10].

Cosznannblii ROS-nakeT mo3BoJsieT HE3aBHCHMO 3aXBaThIBATH BHJECO C 4 pa3HBIX
kamep pobota «Cepsocnina Mmxenepy». Kondurypamnus n nmosydeHne HCXOAHBIX JaHHBIX
C KaMep OCYIIECTBISIETCS MPH moMoIny oubmmorekn V4L2. Metox npoernupoBanus 0y-
(epoB yCcTpOWCTBA B MaMsITh HPHIJIOKEHUS TOBBICHI NPOU3BOAMTEIHHOCTh, YCTPAHUB
W3JIMIIHUE KOMMpoBaHus. KIlloueBBIM MOMEHTOM SIBISIETCSI HE TOJIBKO ITOJy4eHHE Kal-
POB C KaMephl, HO ¥ YMEHBIIEHHE KOJINYECTBA MOTPEOIIeMbIX PECYpcoB M Harpy3KH Ha
mnporeccop. CpaBHEeHHE pa3pabOTaHHOTO MakeTa ¢ CYIIECTBYIOUIUM ITaKeTOM, OCHOBaH-
HoM Ha OpenCV, moka3ajo CyIIECTBEHHOE NMPEBOCXOACTBO MPENTI0KEHHOTO B JaHHOU
pabore pemieHus.

B Oynymem mnanupyetcs peanusoate RTP-cepBep, KOTOpBIH MO3BOJHT Hepeaa-
BaTh BUJIEO C poOOTa B PEXHIME PEaILHOTO BPEMEHH depe3 OecrpoBoaHyIo ceTh. Mcxon-
HBIA KO IOCTYIEH JUIA ITyOJIUYHOTO MCIIOJB30BAHUS B PEHIO3UTOPUH HA CaliTe CHCTEMBI
KoHTpoJs Bepeuit GitHub [16].

PaboTta BhIoNHEHa B paMKax peanu3aluu 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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KOJUICKTHBHOTO TEXHHYECKOTO 3PEHHS W IUIAHHPOBAHHEM B OOIIEM JOBEPUTEIHHOM
MPOCTPAHCTBE T'PYIILI poO0TOB» mpu moauepxkke PODU 15-57-06010. Yacts pabot
BBITIOJIHEHA B COOTBETCTBUU C [ '0CY1apCTBEHHOM POrpaMMOil KOHKYPEHTOCIIOCOOHOCTH
Poccutiickoit ®eneparuu mpu Kazanckom dheaeparbHOM YHUBEPCUTETE.
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