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BCTPAMBAEMbBIE CUCTEMbI

CUNCTEMA AOATTTUBHOIO KOHTPOIJIA
TPAHCMOPTA HA OCHOBE MOAYNEWU
AO «[MKK MUNTAHLP»

KUPUNN KAPEEB, nHxxeHep-nporpammucT 1-i1 kateropuu, OPMO LM P3A, kareev.k@milandr.ru

Cucmema nomowju 8odumesnto «bYbA» om AO «[MKK Munaudp» npedcmaens-
em coboli yHusepcasibHoe peweHue 0711 dsmomamu3sayuu 3a0ay ynpassaeHus
TC. Yempolicmeo umeem wupokue 8bl4Uc/IumesibHble 803MOXHOCMU, 602a-
mell 8b160p omAado4HbIx UuHMepgelicos u 60/bwoli OUANA3oH HanpsxeHul
numadus. lpoepammHoe obecneyeHue, pazpabomaHHoe 0719 3moli cucmembl,
Ha2n10HO 0eMOHCMpuUpyem ee 803MOXXHOCMU.

OMUCAHUE CUCTEMbI

B HacToALwee BpeMA OfHUM U3 TPeH-
[OB Pa3BUTKA aBTOMOOUIIBHON TeXHN-
K1 ABNAETCA aBTOMaTN3aunA PYTUHHbIX
3ajay ynpasieHusa aBTomobunem
B LienAX YNpoLweHUa BOXAEHNA 1 NOBbI-
weHnA ero 6esonacHocTu. [ina peuwe-
HMA 3a4ay aBTOMaTM3aLumM aBTomob6mnn
OCHaLLaloTCA AaTYMKaMU, SNEKTPOHHbIMMI
CcpeAcTBaMu ynpasneHua/akTyaTopamm
1 cneumnanbHbIMU YCTPONCTBaMM, ynpas-
NAWMMN HEKOTOPbIMY GYHKLUAMN ABU-
XKeHUs aBToOMO6UNA Ha OCHOBE AaHHbIX
OT AAaTUMKOB.

B AO «[MKK MunaHpap» BefeTca paspa-
60TKa JINHEWKM Tak1X yCTPONCTB — CUCTEM
nomolymn soguTento. bbino paspaboTtaHo
ycTponcteo «BYBA» (6nok ynpasneHus
6e30MacHOCTbI0 aBTOMOOWA), KOTOPbIN
nogknioyaetca K CAN-LL1He aBTOMOGMNA
1 BbINOJTHAET yNpaB/ieHre Mo ceayowmm
fJaTyrKam:

- MHOronyyeBsble aBTOMOOUNb-
Hble pagapbl AO «MKK Munangp»
MAPC-2A1, nogKknioueHHble K Bblfe-
neHHon CAN-wwuHe ycTponcTBa.
Yron o63opa pagapoB cocTaBnsaeT
60° no a3mmyTy. OHM o6pabaTbiBaloT
Lenu, HaxoAALMeca Ha PacCTOAHNMN
1,2-200 m, 1 NOCTaBAAIOT B CUCTEMY
pacwmpeHHble gaHHble 0 32 yenax
(BanbHOCTb, CKOPOCTb, pasmepbl
n 1.4.). bBnok ogHoBpemeHHO noa-
OepXKMBaeT A0 TPex NOAKMYEHHbIX
K HemMy pafapos;

- OofijHa UNu ABe aHaNoroBble Kamepbl.
MoppepxuBatoTca BUAeoCTaHAAPTbI
SD snnotb go PAL 576i;

- RO yeTbipex UMbpoBbLIX BUAe-
oKamep, nepepawowmnux Buaeo
no nHtepoency FPD-Link IIl. Moa-
aepxupatTtcsa sugeodpopmatol HD
1o 1080p npw 60 Iu;

- BCTPOEHHbIN 610K MHEpPLManbHON
HaBuraymm. ConepXuT TPeXoCHbIN
akcenepomeTp (npepgocTtaBnaeT
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Puc. 1. OcHoBHas nnata BYBA, Bup cepxy

MHPOPMaLMIO O IMHENHOM yCKope-
HUW B TPEX 0CAX), TPEXOCHbIN FMPO-
ckon (npegocTasnaeT nHbopmaumio
06 YrnoBOM YCKOPEHUNW B TPEX OCAX)
N TPEXOCHbIV MarHMToMeTp (Nnpepo-
cTaBnaeT nHdopmauuio o6 opmen-
TauMm aBToMo6UNA OTHOCUTENbHO
MarHuTHoro nons 3emnu). Kpome
TOro, 610K MOXeT NHTerpupoBaThb
nokKasaHuA JaT4YMKOB M BblfaBaTb
obbefrHeHHble fJaHHble 06 opureH-
TauMm yCTpONCTBA B NPOCTPAHCTBE
B BV MaTPULbl BPaLLEHWNA NN KBa-
TepHUOHa.

BYBA npepctaBnaeT co6oii BbICOKOMpPO-
N3BOAUTESIbHbIN MPOMbILUAEHHbIV KOMMbIO-
Tep Ha 6a3e npoueccopa IMX6QP. Cxema
yCTpoOWCTBa NpeAcTaBieHa Ha pucyHke 1.
Y ycTpoicTBa — ciepytoLme BbluNCnTeNb-
Hble XapaKTepUCTUKN:

- 4x appa Cortex-A9 ¢ pabouen
yvactoTton 1 I'Ty; nopgpepxxnsBatoTca
BbIUNCJIEHMA C NNaBaloOLWeEn TOYKON
1 BEKTOpHble pacwmpeHna NEON;

- DDR3 O3Y o6bemom 3840 M6aiT
c paboueii yactoTtoin 532 My (DDR3-
1066);

- yeTblpexbagepHbin 3D-yckoputens
GC2000 c pabouyelr yacToTOW
no 720 Mlu, nogpgepxusaeT API
OpenCL 1.2, npurofeH gns yckope-
HWA NapannenbHbIX 3aaay;

- yckopuTenu ob6paboTku nsobpaxe-
HUA (BpalleHne, N3MeHeHne pas-
Mepa, npeobpa3oBaHne LBETOBbIX
NPOCTPaHCTB) ANA NpeABapUTENbHON
06paboTKM faHHbIX C Kamep;

- ycKopuTenb KOAUPOBaHWA BUAEO-
[aHHbIX; NoAAEPKMNBAET, Cpefy Npo-
ynx, popmat H264. Ucnonb3yeTtcs
ANA COXPaHeHUA BUAEOXYPHaNoB
noesfoK Ha BHYTPEeHHWI HaKonu-
Tenb.

B cocTaB yCcTpoNCTBa BXOAMUT BbICOKO-
CKOPOCTHOW BCTPOEHHbI SSD-HakonuTenb
o6bemom 128 F61T, NO3BONAIOWMIA BECTU
XKYpPHanbl faHHbIX CO BCEX [aTUMKOB
(Kamepbl, pagapsbl, MHepUManbHbIN 6510K),



a Tak»Ke BbIXOAHbIX BO3[eNCTBMI Ha arpe-

raTbl aBTOMOGUSIA BO BPEMSA MOE3[0K.
[lns opraHusaumm paspaboTKu, a Takxe

BblBOAA pacWUpeHHoO nHdopmayum

O COCTOAHUN CUCTEMBI B COCTaB 3TOr0

6510Ka BXOAAT crefytolne UHTephenchbI:

- Ethernet n WiFi, koTopble npego-
CTaBAAT WMPOKOMNONOCHBIN JOCTYynN
K cMcTeMe, NO3BONAT BbIBOAUTH
BUAEOMOTOKU, LEMOHCTPUpYOWMe
COCTOAHME aNropuTMOB, OOHOBNATb
cnctemHoe MO, BbIrpy»KaTb »KypHarsbl
noesfnok u T.4. WiFi nozsonset soinon-
HATb OMMCaHHbIe Bbille AencTensa 6es
bun3nyeckoro coefHeHUs € yCcTpoin-
CTBOM, YTO YAOOHO B NOJNIEBbIX YC/10-
BUAX;

- HDMI, KoTopblii no3BonsAeT otobpa-
KaTb COCTOAHME CMCTEMbBI Ha gucnnee
ONA OeMOHCTPaLMy BO3MOXHOCTEN
cucTembl;

— USB Host 1 USB-OTG nopTbl o6ecneun-
BalOT NOJKIOUEHNE K CMCTEME BHEL-
HUX YCTPOWCTB — OPraHoB yrnpasfieHns
nA ynpaBneHna cuctemon (Hanpumep,
BKJIIOYEHUA U BbIKIIOYEHUA KPYWN3-
KOHTpPONA), a TakXe MO3BONAT IKC-

Puc. 2. BYBA B c60pe, Bupi €O CTOPOHbI TEXHONOTMYECKOTO JIoKa

Puc. 3. Kopnyc BYBA, Bup cBepxy
nepuMeHTUPOBaTb C yCKOpUTENAMU

anropuTmMoB (Hanpumep, yckopuTte-
NAMU pacno3HaBaHMA N306paxkeHni).
3TV NOPTbI COBMECTUMbI CO CTaHAAPTOM
USB 2.0 HighSpeed;

— USB-UART noaknio4yeH K CMCTEMHON
KOHCOMNW, NO3BONAET OCYLLECTBUTb aBa-
PUIHBIV JOCTYN B CNiyyae Hemnpasuiib-
Hol paboTbl CCTEMbI.

Bce oTnagoyHble NOPTbl BbiBEAEHbI

0 uenax. Mcnonb3oBaHue 3TOoN
nHbopMaLmmM No3BONAET YyMEHbLLNTb
KOSINYECTBO NOMHbIX CpabaTbiBaHUI
CUCTEMBI 1 MOBbLICUTH KaYecTBO orpe-
[LeneHns napameTpoB Lenu.

HenocpefCcTBEHHOE yrpaB/ieHne aBTOMO-
6unem nytem otnpasku CAN-coobLeHNin)
BblAefieHbl B OTAEJIbHble MPOrpamMmbl,
BbINOMIHEHHbIE C MOBbILEHHON CTEMNeHbIo
HafeXHOCTU 1 CMONb3YoLLMe MeXaHN3Mbl
CamMonpPOBEPKMN 1 CAMOBOCCTaHOBJIEHUA.

Tekywan Bepcua ynpasnsoolero
MO noppepxnBaeT cnegyowme GyHKUMN
NoMoLUM BOAUTENIO:

KpaTkoe onucaHue pa6oTbl anroputma
- Kappbl c kamepsl (c yacToTon 20-30 Nu)
npoxonaT npefo6paboTKy 1 nocTyna-

Ha OfHY NaHenb (CM. pUC. 2), 3aLMLLEHHYIO
TEXHONIOrMYECKUM NIoKOM. JTIoK orpaHu-
ynBaeT GU3NYECKUIN BOCTYN K NOpTaMm,
a Takxe obecneynBaeT repMeTUYHOCTb
Kopnyca.

Y BYBA — wuiMpoKunii frana3oH Hanpsxe-
HUM NuTaHna 9-36 B, uTo no3sonaet emy
paboTaTb OT yKe CyLecTBYIOWMNX B CUCTE-
Me NCTOYHWNKOB NUTaHNA, B T. Y. OT aBTOMO-
6u1nbHOM 6OPTOBOI CETHU.

Kopnyc 6noka (cM. puc. 3) BbINONHEH
13 MeTanna, ycToumB K BHELLHMM BO3fei-
cTBUAM. [pY 3aKPbITNM TEXHONOTMYECKOro
NtoKa € OTNajouHbIMK NHTepdericamm oH
CTaHOBUTCA repMETUYHbIM, YCTONUYNBBLIM
K YCNTOBUAM 3KCMJlyaTalmm BHyTPU aBTo-
mobuna. Bce BHeWwHWe coegnHEHUA, B T.u.
coeiMHeHNe C NCTOYHUKOM MUTaHWUA,
OCYyLeCTBAATCA Yepe3 cneumnanbHbli
repMeTuYHbI aBTOMOOUbHBIN pa3bem
Ha nepegHen YacTu yCTPONCTBa.

CUCTEMHOE NO

MO 6noka ynpaBneHus paboTtaer
Ha 6a3e OC Linux, anctpnbyTtus Debian,
Bepcua 10.0 (stretch). Anroputmbl ynpas-
NEeHUsA BbIMOSIHEHDbI B BUJE CMCTEMHbIX
CepBUCOB — HE3AaBUCMMbBIX MPOrpamm,
3arnyckaembix Npu cTapTte cuctembl. Kpu-
TUYEeCKMe YacTu aNiropuTMoB (Hanprmep,

- DKCTPEHHOE TOPMOXKEHWE — OCTAHOB-
Ka aBTOMOOWNA Nepeq ABUXKYLNMCA
BMepeamn TPaHCMOPTHLIM CPEACTBOM
B CJlyyae CONMXeHns C HUM Ha onpe-
JeneHHoe paccTosHue. MicnonblyeT
ynpasneHne TOPMO3HOI CUCTEMOW
aBTOMOOUNS;

- cnepoBaHue 3a TC («aganTUBHbIN
KPYW3-KOHTPOSIb») — perynMpoBaHme
CKOPOCTU aBTOMOOUNA B 3aBUCKMO-
CTV OT PAaCcCTOSHUA N CKOPOCTUN ABU-
Xyllerocs Brnepean TPaHCMNOPTHOMO
cpepfcTaa. Micnonb3yeT ynpaBneHue
nsuratenem TC (neganblo rasa).

[lna paboTbl anropuTma TpebytoTca cre-

Aywune BHeWHne gaTymnkn:

- OAWH MHOronyyeBoli aBTOMOGMb-
Hbil pagap MAPC-2A1, koTopbin
nocTaBnAeT B aNrOpUTM OCHOBHble
OTMETKN LieNiel, a TakKe napameTpbl
uenen (QanbHOCTb, pa3Mepbl, CKO-
pocTb);

- OfHa Kamepa (Hanpumep, aHanoro-
BaA kKamepa PAL 576i), HanpaBneH-
Has no xony ABUXKEHWA aBTOMOOUNA;
nocsie BbINMOHEHMA anropuTMa pac-
NoO3HaHWA OHa NPefOCTaBAAET AOMNOJ-
HUTENbHYIO HOBYIO (TN M BbICOTA
uenu) n n3bbITouHylo (BanbHOCTD,
WIMPUHA, CKOPOCTb) NHbOPMaLMIO
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I0T Ha BXOA anropuTtma AnA pacnosHa-
HVA 0OBEKTOB JOPOXKHOMN OOCTAHOBKM.
MonyyeHHble faHHbIE AOMONHNUTENBHO
CPaBHUBAIOTCA C AAHHBIMU 13 NPO-
W/bIX LMKIIOB Pacno3HaHus, B pesyb-
TaTe Yero onpepenAnTCA NapameTpbl
uenen — HOMep, AaNbHOCTb, pasmep
nT.Aa.

OTmeTKM C pagapa (mocTynatT Kax-
able 10 Mc) 06beANHATCA B MacCUBbI
OTMETOK — Kagpbl. OHU JONONHUTENIBHO
KNacTepuU3yIoTCs AN UCKITIOYEHNS MHO-
KEeCTBEHHOr0 JeTEKTMPOBAHMSA Lenei
N CPaBHMUBAOTCA C AaHHbIMK U3 Npe-
OblAYLWNX LNKSIOB NONYyYeHUA AaHHbIX.
Takum 06pa3om, faHHble NPUBOAATCA
B eAUHOO6pasHyto dopmy ans cregy-
IOLLMX 3TANoOB anropuTma.
MoAroToBNEHHbIE JaHHbIE C KaMepbl
1 pagapa obbeaunHaAlTCA B obwme
OTMETKU Lenen.

OTMeTKM Lenen CopTMpYTCA B COOT-
BETCTBMU C 30HaMM MHTepeca (nonoca,
B KOTOPOW ABMXETCA LieNb, JaNbHOCTb
o uenu n np.). I3 otcopTrpoBaHHbIX
Lenei BbIGUpaeTca caman «MHTepec-
HaA» — 6NKXKaNWan uenb B TON Xe
nonoce.

MNapameTpbl 3TON Uenun (ganbHOCTb,
CKOPOCTb 1 T.A.) MOCTYNaT Ha BXOA
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BCTPANBAEMbBIE CUCTEMDI

perynaTopa ABMXeHUA aBTomobunsa. OCHOBHasA BeTKa anro-

puTMa perynatopa BbIMOJIHAET yrpaBneHune «rnepasblo rasa,

[OMNoNHNTeNbHAaA («<IKCTPEHHAA») — TOPMO3OM ANA BbIMOJIHE-

HMA aNIrOPUTMa SKCTPEHHOTrO TOPMOXKEHNA.

— BbIxogHble napameTpbl perynaTopoBs (BO3AENCTBMA Ha cucTe-
Mbl aBTOMO6WNs) nepepatotca B CAN-ceTb aBTOMOOUNIA.
Pe3ynbTaTbl BbINONHEHNA YacTeln anroputMa MOXKHO Npocma-

TPYBaTb BO BpemsA paboTbl anroputma:

- pesynbraT coeAVHEHUA Lieniell AeMOHCTPUPYETCA KaK BuAe-
OMNoTOK, NepeaaBaemblil yepes Ethernet no npotokony RTP;
3TOT NOTOK BMECTE CO Cnuckamu uenen (B suae bJ1) 3anuchbl-
BAETCA BO BHYTPEHHWI HaKOMUTENb;

- BXO[HbIe U BbIXOAHbIE flaHHble PEerynaTOPOB MOXHO yBUAETb
npy nomouwm cneynanbHOro NPUNOXeHUs;

- 06meH AaHHbIMU Ha CAN-LUMHAX MOXXHO MPOCMOTPETb NpK
NMOMOLLY CMEeLNANbHOTO MPUNIOXKEHUS; STOT OOMEH 3anuncbl-
BaeTCA BO BHYTPEHHWI HaKonmTenb.

Takum 06pa3om, anropuTm BbINOSHAET YNpaBneHye aBToMoou-
JleMm, @ TakXe perncTpawumio Bcex BXOAHbIX U BbIXOAHbIX AaHHbIX,
BKJ/OYasA BUAEOAAHHbIE C KaMmepbl (T.€. paboTaeT AOMONHUTENBHO
KaK BuaeoperncrpaTop).

BbIBOAbI

OnuncaHHOe yCTPOWCTBO NPefoCTaBAAET paclWpeHHble
BO3MOXHOCTM CYCTEMbI MOMOLM BoaUTenio. K HUM oTHocATCA
He TONIbKO BbIYNCNTESNIbHbIE BO3MOXXHOCTH (BbICOKas MPOM3BO-
AUTENbHOCTb, 60NbLION 06beM NaMATU, @ TaKKe AOMONHNTENb-
Hble BbIYVCTUTENW ANA OMNTMANbHOTO BbIMOIHEHUA CNeLMarnbHbIX
anropuTMOB), HO 1 UHTepoeiicHble (MOAAEPKKA PENEBAHTHbBIX
nHTepdencos BBOAA BUAEO, CBA3M C aBBTOMOOMIIbHBIMM AaTUMKamu
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1 cucTeMaMu ynpaeieHns aBTomobunem). Kpome Toro, 6510k ocHa-
LeH 60/bLIMM KONIMYeCTBOM AOMONHUTENbHbIX UHTEPENCOB,
KoTopble obneryatoT 3aaadvy pa3paboTKku, KOHTPONA 1 LEMOHCTPa-
uun MO ans ynpaeneHus TC. bbino paspaboTaHo MO ans ynpas-
neHua TC, BbINONHAOLLEe HECKONBKO GYHKLMIA CCTEMBI TOMOLLN
BOAMUTENIO.

AO «[MKK Mrnanap» npofonkaeT pa3suTre AaHHOrO Hanpasne-
HVA — pa3pabaTblBaloTCA HOBbIE, elle 6onee NPON3BOANTENbHbIE
W YHMBepCanbHble YCTPONCTBA AA CUCTEM NOMOLLM BOAUTENIO,
CO3[al0TCA YCOBEPLIEHCTBOBaHHbIE aBTOMOOUIbHbBIE AATUNKN
(pagapbl). PacwmpatoTtca Bo3moxHocTn MO ana ynpasneHus
aBTOMOGWIEM He TONIbKO B HanpaBfieHNW YBENYEHUA HaAeXHO-
CTW 1 KayecTBa ynpasneHua TC, HO 1 pacumpeHmns ¢yHKLUMOHaNa
CUCTeMbl yripaBieHus.

Takum obpasom, AO «MKK MunaHap» yyacTyeT B aBTOMaTH3a-
LMK 3afja4 BOXXAEHWA TPAHCMOPTHBIX CPpefcTB. B byayLiem Takme
pa3paboTKun pa3oBbIOTCA B TEXHONOMMY aBTOHOMHOTIO BOXXAEHWA
TC ¢ MMH/ManbHbIM yYacTMeM BOAWTENA, YTO MO3BOSINT YBENNYUTD
AOCTYMHOCTb TPAHCMOPTa M 3HaUUTENbHO MNOBbLICUTL ero 6e3onac-
HOCTb. =
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