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Kiaw4yeBsbie ci0Ba AHHOTanUA

ABTOHOMHbBIE aBTOMOOUIIN; CraThsl MOCBsII[EHA APXUTEKTYPe aBTOHOMHBIX (6ECIUIOTHBIX) aBTOMOOUJIEH, a Takke UHPACTPYyKType
APXUTEKTYPa,; [JI UX SKCITyaTallkuu. ABTOMaTHBI/IpOBaHHbIe TPaHCIIOPTHBIE CPeACTBA 06naaa}0T 60JIBLIUM IIOTeHHaJIOM
HHpacTpyKTypa. JUIs1 Tpeo6pa30BaHusl Hallled )KU3HU, CO3/IaHUS YMHBIX FOPOJIOB U oGecredyeHus: 3G PeKTUBHOCTH B TPAHC-

HNOPTUPOBKe JIIoAel ¥ ToBapoB. OJHAaKO, U NOTeHIUA/IbHbIH BpeJ| MOXKeT ObITb HAMHOT'O 60JIblIe, 4eM Y UCTO-
pUYeCKHUX OLIMOOK JaHHBIX, CBSI3aHHBIX C MOOUJIbHBIMU YCTPOMCTBAMH, HOYTOYKaMH, paG0YUMHU MeCTaMU
WJIM 06JIa4YHBIMU TeXHOJIOrUsAMH. B pa6oTe ucnosbdyercs TepMmuH CAV (Connected Autonomous Vehicles). B
paboTe paccMaTpuBaeTcsl OCHOBHasg pU3MdecKass IKOCHCTeMa THUIHUYHOIO aBTOHOMHOIO TPAaHCIOPTHOTO
CpeACTBa, KOTOpasi BKJIIOYAET B cebsl 106albHYI0 cUCTeMy no3uiuoHupoBanus (GPS), nmuaapel, kamepsl,
Y/IbTPa3ByKOBbIe U PaJM0JI0KALlMOHHbIE JAaTYUKH, Bblie/IeHHble IPUEMHUKH CBA3U. KOHeYHO, OTAe/IbHBIMU
($U3NYECKUMU YCTPOHUCTBAMU U HE06PA60TaHHON MHPOpPMalell HEBO3MOXKHO YIPABJISTh BO BpeMsl IBHKe-
Hus, 103ToMy Ha CAV Hy)KHa KOMIIbIOTEPHAs CUCTEMa, KOTopas J0/DKHA yMeTb B3aUMO/eiCTBOBaTb C BHelll-
HHM MHPOM C 0OYeHb MaJsloi 3a/1ep>KKoM. B paGoTe paccmaTpuBaloTcs ypoBHHU pa3BuTus CAV, mokasaHo, 4To
13 OpraHOB YeJI0BEYEeCKOr0 BOCIPUATUSA MUPA B Ipoliecce BoxkAeHHs 3aMeHseT CAV. Takxe npuBesieH cpas-
HUTeJbHbII aHa/IU3 CUJIbHBIX U CJ1a6bIX CTOPOH M0 Pa3/IMYHbIM acleKTaM GYHKLUUYU pacnpe/eseHUs MexXay
JIIOAbMU U alllapaTHO-NPOrpaMMHBIMU CUCTEMaMH, a TaKxKe OlLleHKa NPOU3BOJAUTEIbHOCTH AATYUKOB BO
BpeMsl IBIXKEHUsl 10 OTHOLIEHUIO K YyesloBedecKoMy I1asy. O6cy»AaeTcsl pollece MOMCKa ONTUMaIbHOCTH
aToro B3aumogencTus. [Ipu stom CAV 6yayT 3aBUCETb He TOJBKO OT GpU3UUECKOH, HO U OT LUPPOBOH UH-
dpactpykTypsl. KpaliHe Ba>kHO, 4TOObI Mbl Ha4a/Id IOHUMATb HEO6X0JUMble H3MeHeHUs B IJIaHUPOBaHUU U
IPOeKTUPOBaHUU UHGPACTPYKTYpbL Hampumep, TpaHCIOPTHBIE Cpe/CTBa 6YAyT B3aUMO/eiCTBOBaTb U 06-
MeHHUBATbCS AAHHBIMU JPYT C APYroM, a TaK:Ke 0OMEHUBAThCA JAHHBIMU C UHPACTPYKTYPOH, TAKUMH KaK
cBeTodOpbI U yKasaTeJau [JIs NelexofoB. YTo6b! 3TOT 06MeH OblI HAleXKHBIM, Mbl JO/DKHBI TOJHOCTBIO
YYUTBIBATb Kak He06X0AMMble JaHHble, TaK U UX [lepejady.
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The article is devoted to the architecture of autonomous (unmanned) vehicles, as well as the infrastructure for
their operation. Automated vehicles have great potential to transform our lives, create smart cities and ensure
efficiency in transporting people and goods. However, potential harm may be much greater than historical data
errors associated with mobile devices, laptops, workstations, or cloud technologies. The term CAV (Connected
Autonomous Vehicles) is used in this work. The paper considers the main physical ecosystem of a typical au-
tonomous vehicle, which includes the global positioning system (GPS), LIDARs, cameras, ultrasonic and radar
sensors, and dedicated communication receivers. Of course, individual physical devices and raw information
cannot be controlled while in motion, therefore, CAV needs a computer system that should be capable to inter-
act with the outside world with a very low latency. The paper examines the levels of CAV development and
shows that it replaces CAV from the organs of human perception of the world in the process of driving. It also
provides a comparative analysis of strengths and weaknesses in various aspects of the distribution function
between people and hardware-software systems, as well as an assessment of the performance of sensors
during movement with respect to the human eye. The process of finding the optimality of this interaction is
discussed. In this case, CAV will depend not only on the physical but also on the digital infrastructure. It is im-
perative that we begin to understand the necessary changes in infrastructure planning and design. For exam-
ple, vehicles will interact and exchange data with each other, as well as exchange data with infrastructure, such
as traffic lights and pedestrian signs. For this exchange to be reliable, we must fully take into account both the

necessary data and their transfer.

BBeaeHue

[ToKk/I04eHHbIE, YACTUYHO W MOJIHOCTBIO aBTOMaTH3UPOBAH-
Hble TPAHCHOPTHBIE CPe/ICTBA 06J1a/Ial0T MOTEHLUAIOM /IJisl Ipeo6-
pa3oBaHUs Hallled XKU3HH, CO3AAHUSI HACTOSILUX YMHBIX ['OPOJIOB U
obGecrieyeHHsi 6e3yKOPU3HEHHOH 3PQPEKTUBHOCTH B TPAHCIOPTH-
POBKe JIIO/lel ¥ TOBApOB MO Cylle U B OyAylleM, B BO3/IyXe U JlaXe B
BO3/YIIHOM NpocTpaHcTBe. O4HAKO, KOTrJja 4YTO-TO U/ET He TaK, Mo-
TEeHIMaJbHbIH BpeJ| MOXET ObITh HAMHOTO 00JIblIIe, YEM Y UCTOpUYE-
CKHX OIIMOOK JaHHBIX, CBI3aHHBIX C MOOUJIBHBIMHM YCTPOMCTBAMH,
HOYyTOYKaMH, pab0YMMH MECTaMH U/ 00JIaYHbIMHU TEXHOJIOTHSMH.

[loTeHIuaNbHBIA BpeJ BapbUPYeTCs OT OTBJEYEHHS BHUMa-
HUSl BOAMTeNs A0 Daclpefe/IeHHOTO OTKasa B OOGCIy>KMBAaHUU
(DDoS) 1 BBIMOraTe bCTBa, MaTepHaIbHOIO ylliep6a U TesleCHBIX I10-
BpeXJEeHUH, 0 CMEPTH U JAeCTabUIM3alUd KPUTHYECKOH TpaHC-
HOpTHOH UHPACTPYKTYpHL. TpaHCIIOPTHBIE CpeACTBa CaMU 06J1aja-
10T OTPOMHBIM BECOM U I1epeBO3AT ONacHble U 0CO60 ONACHbIE TPY3bl,
Y 3Ta CUTyallUsl, KOTopas BPsiJ JIM KapJUHa/JIbHO HU3MEHHUTCS B 6JIH-
xakmeM OyayumeM. /11 KOHKPETHOCTH H3JIOKEHHUs] Mbl BbIGpasiu
HauboJiee MaccoBOe U GBLICTPO pa3BHBAIOIEeCs HANpaBJeHUs] Ha-
3eMHOT'0 TPaHCIOPTa — aBTOMOGHIIM U TO, UTO CETOAHS ONpesieiseT-
cs1 Kak nepexof k AV (aBToHOMHBIM aBTOMOGUIIM) 1 CAV (Connected
Autonomous Vehicles - cBi3aHHBIM aBTOHOMHBIM aBTOMOOHUJISIM).
Jlanee B craTbe Mbl O6yfeM HasbiBaTh ux CAV. [IporHos ux nossJie-
HUS, B3ATHIN U3 [1, 2, 3], Mbl cBesid K TOMY, YTO 10 MUJIJINOHOB aBTO-
HOMHBIX TPaHCIIOPTHBIX CPeACTB OyAyT e3JuTb Ha jAoporax k 2020
roziy.

9TO AONOJHUT yXKe HMEIUNIcA y3KOoCHnelnaJlu3upoBaHHbIA
napK 3THUX aBTOMOOHWJIEH B FOPHOPYJHOH HPOMBIIJIEHHOCTH [4],
CeJIbCKOM U JIECHOM X035IMCTBax [5], U, KOHEYHO, B JIOTUCTHKE [6]. B
uTore, coryiacHo [1,2,3]:

e  Yepe3 10 JsieT MOJHOCTbIO AaBTOHOMHBIE TPAHCIOPTHBIE

CpeJiCTBA CTaHyT HOPMOW;
. k 2050 roxy AVs GyzeT reHepHpoOBaTh rOJ0BOM /10X0[| B
pasMepe 7 TPUJJIMOHOB J0J11apoB CIIIA;

o [llupokoe pacnpocTpaHeHne AV- MoOXKeT NpPUBECTH K CO-
KpallleHHI0 aBTOMOGUIbHBIX aBapuil Ha 90%.

CoBpeMmeHHble
MH(opMaLMOHHbIEe
TeXHONornu

n UT-o6pasoBaHue

O6paTyM BHMMaHUe YUTaTessA Ha TO, 4To emie B 2014 roay B
CBOEM MCC/Ie/l0BaHUM O4YeHb yCIelllHasi B JIOTUCTUYECKOM OU3Hece
kommanus DHL [6] npefmonoxuia nosiieHue nesoro cnekrpa CAV
Ha rpy30BbIX IBOPAX, B IOPTaxX U Ha Zjoporax Mupa (pucyHok 1), a He
MeHee M3BecTHasi B Mupe 6usHeca komnanus Lloyd’s [7] ony6.mko-
BaJsia B ToM e 2014 rofy 06'beMHy0 paboTy IO PUCKaM U CTpaxoBa-
Huto CAV. TakuM 06pa3oM, HCTOPHUU TPAKTUYECKOT0 HCI0JIb30BaHHUS
CAV yxe GoJsiee JJeCATH JIET, U, COOTBETCTBEHHO, CTOJIbKO e JIEeT
CTPaxXOBaHUIO U OLleHKe PUCKOB, HO TI0Ka 3Ta UCTOPHS NMPOXOJUJia B
He CTOJIb 3aMeTHbBIX 0OBIYHBIM JIO/ISIM MeCTax.

Korza mbl 6yzem ynotpe6ssts cioBo CAV, To ero 3HaueHue 6y-
JleT 3aBUCETb OT KOHTEKCTA, U 3TO MOXeT 6bITb aBTOMOOU/Ib, BHEILI-
Hssl UHPpACTPyKTypa JJIs1 ero ABWxKeHUs U T.. HasieeMcs 4To 3TO He
BbI30BET TPYAHOCTEH BOCIPUATHSA, HO TAKOH MOAXOJ, MO3BOJIUII CY-
1eCTBEHHO COKPATHUTb 00'b€M TEKCTOBOI'0 M3J10KeHHUs. [1o Bo3MOoXk-
HOCTH U 110 TOH >Ke TPUYMHE IKOHOMUH CBOET0 U YUTATEJIsI BpEMEHH,
MbI TaKKe M000pasyu HanboJiee MOAXOASAIME PUCYHKU U TAGIUILbI
JUIs1 WJUTIOCTPALMU U3JI0’KEHHOTO.

Bripouem, ceropusiiHee 6J1M3K0e K TEXHOJIOIHYECKOMY U 9KO-
HOMHUYECKOMY B3pbIBY cocTosiHhe CAV B MUpPe NPOUCXOJUT B OYEHD
rJ106a/1M30BaHHON aBTOMOOW/IbHOM MH/AYCTPHUH, KOTOpas yxe ce-
JlyeT OTPOMHOMY YMCJIy COIJIACOBAaHHbIX CTAaHJAPTOB U perjaMeHTa-
LMH, U Mbl IIOCTApaeMcsl TaKXe 3TOMY CJIe[J0OBaThb, TaK KaK CEerofHs
3TOT 6GU3HeC 6e3 3TOro HeBO3MOXKEH.

U3 yero cocrouTt ceroausi CAV ¢pusnyecky, Kak aBTOMOGU/Ib

Jlydlie Bcero Ha Halll B3IJIs1/l OTPaXKaeT CEero/iHsIIIHee COCTOS-
Hue CAV pUCYHOK 2, KOTOpPbI€ Mbl B351JIM C 06JI0X)KKM OY€Hb UHTepec-
Horo uszaHus CIIA o nogroroke o6uiects CIIA k CAV AmepukaH-
CKOHM accolMalyy IJIaHUpOBaHHUsA [8]. ITOT pUCYHOK 2 OTpakaeT
MPOCTYI0 UCTUHY LHUPPOBOU U 3JIEKTPOHHON CTAHOBUTCA KakK caM
aBTOMOOMJIb TaK Jlopora v ee okpykeHue. PUHaNbHBIN pe3y/IbTaT He
M3BECTEH U, BOBCE He IOTOMY, YTO HET pelleHUH, IPOCTO UX CIEKTP
JLOJDKEH YKJIabIBaTh B )KECTKHE IKOHOMUYECKHEe PAMKH, TaK KaK 3TO
MaccoBoe NMPOU3BOJCTBO, MOXKaJIyH, CaMOr'0 JOPOro MaccoBOTO /IBU-
YKUMOT'0 UMYIECTBA B MUPE, U BOIPOCHI LeHbl HAa 3TOM PbIHKE HMe-
I0T OIPOMHOE 3HaY€eHHE.

Kak npegcraBasioT cerofHs CAV 1o BHeLIHUM KOMMYHUKALUAM,
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Mbl IONPO6OBA/IY I0Ka3aTh Ha pUCYHKe 3. [leTanusanuio GusndecKux
YCTPOMCTB /iJ11 aBBTOHOMHOCTH Mbl II0Ka3blBaeéM Ha PUCYHKe 4, a yu-
BUTeJ/IbHbIN BHYTPeHHUH MUp coefinHeHn# CAV Ha pucyHke 5.

OcHoBHas ¢pU3HYecKas 3KOCHUCTeMa aBTOHOMHOIO TPaHCIOPT-
HOTO CpeJICTBa CEero/iHd 3TO:

[no6anbHas cucreMa nosunuonuposanus (GPS)
O6Hapy»xeHHe cBeTa U ganbHocTH (LIDAR)

Kameps! (Buzeo)

YnpTpasByKOBble JaTYMKU

LleHTpa/bHBIN KOMIIBIOTED

PajuosiokaniioHHbIe JATYUKU

BblziesieHHbIA TPUEMHUK OJIMXKHEH CBSI3U (He U300parKeH)

Outdoor logistics operations

KnroueBrbie (l)HBl/I‘-IECKPIe KOMIIOHEHTbl aBTOHOMHBIX TpPaHC-
MOPTHBIX CPEACTB

Kamepel. O6ecneybTe o6Hapy»eHHe NPeNATCTBUN B pe-
’KHMe pea/IbHOI'0 BpeMeHHU AiJ1sl 06JleryeHusl CMeHbl 110J10C
JABIDKeHUS W MHOpMALUHU O NpoezKed 4acTU JOpOrd
(HanpuMep, AOPOKHBIX 3HAKOB).

Pazap - PaguoBosiHbI 06HAPYKUBAIOT KOPOTKYIO U AaJIb-
HIOIO IVIy6UHY KapTHUHBL.

LIDAR - usMepsieT paccTOsiHMe, OCBelljas MHIIEHb HM-
My/IbCHBIM JIa3€PHBbIM U3JIlyYeHHUEM U U3Mepss OTPaKeH-
Hble HMIYJbChl C NOMOLIBI JAaTYMKOB, YTOGBl CO3/4aTh
3-MepHYI0 KapTy 06/1aCTH JBHXKEHUSI.

-

Line haul transportation

Puc. 1. 0630p camoaBrkyuuxcsi (CAV) TpaHCIIOPTHBIX CPEACTB B JIOTHCTHKE [6].
Fig. 1. Overview of self-driving vehicle applications in logistics [6].

Vol. 14, no 3. 2018
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Puc. 2. ludpposoit CAV Ha uuposoi gopore [8].
Fig. 2. Digital CAV on the digital road [8].
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Puc. 3. Kak npe/craBisiioT cerofusi CAV 1o BHEIIHUM KOMMyHUKauusm [10].

Fig. 3. Today’s external communications CAV [10].
How a self-driving car works
Signals from GPS {giohl positioning system) Lidar (light detection and ranging)
satellites are combined with readings from : sensors bounce pulses of light off the
tachometers, altimeters o surroundings. These are analysed to
and gyroscopes to provide identify lane markings and the
more accurate positioning »————— edges of roads
than is possible with

GPSalong ——— &

be used to measure the

Video cameras detect traffic lights,
read road signs, keep track of the
position of other vehicles and look
mﬁmmm
on

position of objects very
close to the vehicle,
such as curbs and other
vehicles when parking
; PR, oot
the rules of the road, both uhidumutu Sudimarulrudyuud
Source: The Economist formal and informal in adaptive cruise-control systems

CoBpeMmeHHble
MH(OPMALMOHHbIE
TEeXHONorum

n UT-o6pa3oBaHue

Puc 4. Pusuyeckas akocucrema CAV [11].
Fig. 4. CAV Physical Ecosystem [11].
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GPS - TpuaHrysupyeT moJsio)keHHe aBTOMOGHJISL C TOMO-
1bl0 cyTHUKOB. Tekyiasa TexHosiorus GPS orpanuyeHa
onpeze/eHHbIM paccTossHUeM. PacuinpenHsiit GPS Haxo-
JUTCA B pa3paboTKe.

YnbTpasByKoBble JaTYUKHU - Ucnoib3yeT BbICOKOYACTOT-
Hble 3BYKOBble BOJIHbI U UX OTPa)KeHHUs JJIS pacyeTa pac-
cTosiHUs. Jlydlee onpeiesisiTh ¢ 6JIU3KOTO PACCTOSHUA.
LleHTpasbHbIA KOMNbIOTEDP - «Mo03r» aBTOMOGMIA. [Tosy-

raeT ynpaBJATb aBTOMOOUJIEM B LI€JIOM.

[IlpuemHuk Ha ocHoBe DRSC - KOMMyHMKallMUOHHOe
YCTPOHCTBO, N03BOJIAKOIIee aBTOMOGUJIIO CBA3BIBATHCS C
JPYTHUMH TPaHCHOPTHBIMU cpeAcTBaMu (V2V) ¢ ucnosb-
3oBanueM DSRC, cranzapra 6ecipoBOJHOM CBSI3U, KOTO-
pBIil oGecreyrBaeT HaJeXKHYK0 Nepefiady AAHHBIX B aK-
TUBHBIX HNPUJI0KEHUAX 6e30MacHOCTH. NHTSA
crnoco6¢cTBOBaIA Hcnosb3oBaHUI0 DSRC.

qaeT I/IH(l)OpMaLU/IlO OT PA3/JIMYHBbIX KOMIIOHEHTOB U ITIOMO-

Puc. 5. BHyTpeHHHUe CBsA3U TeJeMaTUKH, CeHCopoB, [0T u nHo# aiekTpoHuku B CAV [12].

Fig. 5. Internal communications of telematics, sensors, [oT and other electronics in CAV [12].

Autonomous haulage system (AHS) setup

GPS antenna Mode lighfS

Communications
and controllers

Puc. 6. TopHOpYAHBIN KapbepHbIil caMOCBasla C OTMeTKaMH 0 pasMeleHuH o6opynoBanust CAV. (nctoynuk - ©2018, Rio Tinto, All Rights Reserved uionb 2018).
Fig. 6. Mining dump truck with notes on the placement of equipment CAV (source - © 2018, Rio Tinto, All Rights Reserved June 2018).
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JlononHuTenbHyto nHpopmanuio o CAV U cBsi3u C cepBUCaMu
MAAS MOXHO Mo4epnHyTh HanpuMep us [9].

CerozsHs caMbli 60Jb10M napk CAV B MUpe 3KCIIyaTUPYeTCs
koMmnaHuer Rio Tinto Ha pygHuKax B 3anagHou ABcTpanui [4]. Tak
KakK, 10 MHOTMM OlLleHKaM, 3TOoT OoTpbiB B 4yacTu CAV rpysoBoro
TPAHCIOPTA OT Pa3BUTHUSA JIETKOBOIO GYJeT TOJIbKO COXPAHATBCS U
yBEeJIMYUBATbCS, TO HA PUCYHKe Mbl IPUBOJAUM BHEIIHUH BUJ| peaslb-
HOT'0 TOPHOPYAHOTO KapbepHOr'o caMocBaia € OTMeTKaMH O pa3Me-
meHuu o6opynoBaHus CAV. To, 4To KOrAa-To GbLIO HAYYHOH daHTa-
CTUKOM, Tellepb ABJIAETCA «06BIYHBIM 1eJIOM» Ha TPeX KeJIe30PYAHbIX
pyaHukax Rio Tinto. 3Ty pyaHuku Rio Tinto B [Inn6apa siBas0TCA
epPBLIMU B MUPE, KOTOPBIE NTepeMellaloT BCI0 CBOIO XKeJIe3HYI0 PYAY
C HCIO0JIb30BaHMEM IOJIHOCTbIO aBTOMaTHU3UPOBAHHBIX I'PY30BbIX
aBToMoGOW/Ied 6e3 BoguTesist. B Rio Tinto cerozHst caMmbiéi 60/1bII0M
IapK rpy30BbIX aBTOMOGUIIeH 6e3 BoAUTe A B MUpe. ['py30BUKY Ha-
XOAATCS B AeMCTBUU Ha NpeANpPUATUAX XKeJle3HOH pyabl [nnbapa,
yAaJeHHO KOHTPOJIUPYEMBIX W3 COBPEMEHHOr0 OINepalMOHHOI0
neHTpa B [lepte, yto B 1500 kM. B koH1e 2017 roza Rio Tinto 06bs-
BMJIa 0 60s1ee yeM 50-POLIEHTHOM pacliMpeHUH NapKa aBTOHOMHBIX
aBTOMOOGUIIel 0 6os1ee yeM 130 rpy3oBukoB k 2019 roay. B peBpane
2018 rosia aBTOHOMHbIE I'PY30BUKHU KOMIIAHUM NIPEB30ILJIN IEPEBO3-
Ky OJJHOTO MUJIIMap/a TOHH pyAsl [4]. lauTenbHoe Bpemsa Rio Tinto
COTpYyAHMYAET Cc KOMNaHuel Komatsu, npousBoAsleld 3STH HHHOBA-
nuoHHble CAV rpysoBble MaluHbl 601ee 10 JeT.

B Teuenue ciaeapyromux mectu jet 150 rpy3oBbie aBTOMOGUIN
6e3 BoAUTess OYAYT BBeJleHbl B 3KCIIyaTalMio Ha Suncor (gpyras
KpynHe#as ropHopyjHas KoMnaHus u3 KaHazibl), npefcTaBsiio-
IMKA OJUH M3 KpPYNHEeHIIMX WHBECTHLHU B 3JIEKTPOIHEPreTHUKY
TPaHCIOPTHBIX CPEJCTB B MUpE. Suncor - 3To nepsas U3 Hedreraso-
BbIX KOMIIAHMH B MHpe, TZle NPUHATA aBTOHOMHAs TEeXHOJIOTHUs
TPaHCHOPTUPOBKU HEPTAHBIX NeckoB c nomoinbio CAV [13]. Bopo-
4yeM, He CTOMT JyMaTh, YTO NpaKTUKy npousBozcTBa CAV mmeer
ToIbKO Komatsu - Ha pucyHKe 8 NokasaH aBTOHOMHbIN KapbepHbIN
camocBas CAV kommnanuu Caterpillar.

Puc. 7. Komatsu - ”HHOBalHoHHOe aBTOHOMHOe TpaHcnopTHoe cpescTBo CAY,
nokasaHHoe Ha MINExpo 2016 [13].
Fig. 7. Komatsu - Innovative Autonomous Vehicle CAV, shown at MINExpo 2016 [13].

N3 yero cocrouT BHewmHsAs UHPpacTpykTypa CAV u ee cBs-
34 ¢ aBToMo6uIAMHU CAV

KoHneuHo, oT/ie/1bHBIMU GU3HYECKUMU YCTPOHCTBAMU U HeoGpa-
60TaHHOW MHpOpPMaLMeld HEBO3MOXKHO YIPaBIATh Ha ckopocTH 200
KM B 4ac - BAXKHO KaK 3TO0 paboTaeT ¢ UHPPACTPYKTYpOH U OKpy»Kalo-
I[UM MUpaM I10 NOJCHUCTeMaM U cepBHcaM. /|/is1 3TOro BCceMu KpaeBbl-
MU Y TYMaHHBIMU CETSIMU JI0JDKEH YNpPaB/IATb KOMIbIOTEPHBIH MO3T

CoBpeMmeHHble
MH(opMaLMOHHbIEe
TeXHONornu

n UT-o6pasoBaHue

CAV, KOTOPBIH J0/3KEH YMeTb B3aUMO/eICTBOBATh C BHEIIHUM MUPOM
C 04eHb MaJIOH 3a/lepXKKOW MJIM JlaTeHTHOCTbI0. WUiiK, o 6oJibiomMy
CYeTy - 3TO BONPOC CBA3U PU3UYeCKOro U 1udpoBoro Mupa.

Puc. 8. ABToHOMHBIH KapbepHblii camocBas CAV (ucTo4yHUK - Caterpillar 2018).
Fig. 8. Autonomous mining dump truck CAV (source - Caterpillar 2018).

B LeHTpe BO3MOXXHOCTeH caMOOGC/Iy»UBAaHUA HAIIEro aBTOMO-
OUJIST — KOMIIBIOTEPBI, KOTOPble BLINOJHAT QYHKIHUU, He06X0AUMbIe
J/1s1 IOHUMaHUs MUPA BOKPYT aBTOMOGUJIS U NMPUHATDb pelleHUs 10
BOX/I€HUIO, C IOMOLIbIO KOTOPBIX 6€30MaCHO epeBO3UTb aCCAXKUPOB.
Hu ofHa TexHO/IOrHUA He AeslaeT 3Ty «MO3TOBY0» paboTy. BmecTo aro-
ro KOMIIBIOTEPb! UCHO/b3YIOT COYeTaHUe CUCTeM, KOTOpble pPaGoTaloT
6e301acHO BMeCTe, B TOM YUCJIE Te, KOTOpble U306 paXKeHbl Ha PUCYHKe
9. OHy, B CBOIO 04Yepe/ib, pa3bUBalOTCsl Ha ypoBHU pa3BUTHUst CAV, 0 Ko-
TOPBIX FOBOPUJIOCH B [9], rlle U IPUBOAMINCE IPUMePbI 3TUX CTyIeHeH
SAE. OHaKo cerojiHsi Mbl XOT€JIM Obl 10KA3aTh 3TOT MPOLECC YUTATE-
JII0 Ha pucyHke 10, Ha KOTOPOM BH/IHO, KaKHe U3 OPTaHOB YesioBeye-
CKOT0 BOCIPUATHSA MUPA B IIpoliecce BOx/eHUs 3aMeHseT CAV.

[leTs11 B3aMMOOTHOLIEHUH PU3UYECKOT0 U LUPPOBOro MHpa
yXe cerofiHa B cjaydae BHeAipeHUs CAV 3acTaB/sieT 3aJlyMaThbCsl 06
ONTUMHU3ALUU PU3UYECKOTO MUPA [/ 6e30NacHbIX AelcTBUM 6yAy-
KX pelleHUH nudposoro. B pabore [14], U3 KOTOPOU MbI B3LJIU
Tabanyy 1 (CHMCOK CUJIBHBIX M CIA0bIX CTOPOH IO Pa3/M4yHbIM
acrnekTaM QYHKIUM paclnpefeseHds MexAy JIIOAbMU U ammapar-
HO-IIPOrpaMMHBIMU CHCTeMaMu) U Tabauny 2 (OLeHKa NporU3BOAU-
TeJIbHOCTU JaTYHUKOB BO BpeMs JBM)KEHHUS IO OTHOLIEHUIO K YeJslo-
BeyecKoMy [IJa3dy), Ipolecc ONTHMAJIbHOCTH 3TOTO
B3aUMOJIeHCTBUS U 3aMeH HauboJlee HarJIAHO TOKa3aH.

IIOMCKa

Level 5
Full driverless automation

..........

Level 4
Full automation in certain situations without driver *-=—
control or intervention

Level 3
Full autoration in certain situations without driver *
control but with driver intervention if necessary

Level 2
Driver assistance systems that control speed ®--=
(acceleration, braking) and steering

Driver assistance functions such as
ACC (adaptive cruise control)

-+ Legislative
adjustments
required

Level 0 ,__
No automated functions

Puc. 9. Yposuu passutus CAV [15].
Fig. 9. CAV development levels [15].
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Ta6sinna 1.CnucoK CUIBHBIX U CJ1a6bIX CTOPOH 110 Pa3/IMYHBIM acleKTaM QyHKLUH pacipesieeHie MeXAY JIOAbMH U allllapaTHO-IPOrpaMMHBIMU cUcTeMaMH [14].

Table 1. List of strengths and weaknesses in various aspects of the function distribution between people and hardware-software systems [14].

Aspect Human Hardware/Software system

Speed Relatively slow. Fast.

Power output Relatively wealk, variable control. High power, smooth and accurate control.

Consistency Variable, fatigue plays a role, especially for Highly consistent and repeatable, especially for
highly repetitive and routine tasks. tasks requiring constant vigilance.

Information processing Generally single channel. Multichannel, simultaneous operations.

Memory Best for recalling/understanding principles and Best for precise, formal information recall, and
strategies, with flexibility and creativity when for information requiring restricted access, high
needed, high long-term memory capacity. short-term memory capacity, ability to erase

information after use.

Reasoning Inductive and handles ambiguity well, relatively Deductive and does not handle ambiguity well,
easy to teach, slow but accurate results, with potentially difficult or slow to program, fast and
good error correction ability. accurate results, with poor error correction

ability.

Sensing Large, dynamic ranges for each sense, Superior at measuring or quantifying signals,
multifunction, able to apply judgement, poor pattern recognition (especially for complex
especially to complex or ambiguous patterns. and/or ambiguous pattemns), able to detect

stimuli beyond human sensing abilities (e.qg.,
infrared).

Perception Better at handiing high variability or alternative Worse at handling high variability or afternative

interpretations, 3 vulnerable to effects of signal

noise or clutter.

interpretations, 3 also vulnerable to effects of
signal noise or clutter.

Source: (Schoettle, 2017) adapted from (Cummings, 2014; de Winter and Dodou, 2014)

Ta6unua 2. OueHKa NPOU3BOAUTEIbHOCTH JATUMKOB BO BpeMsl IBUXKEHHUS 110 OTHOIIEHHUIO K YeJIoBeYecKoMy riasy [14].

Table 2. Performance Evaluation of sensors during movement in relation to the human eye [14].

Human

Performance aspect

Eyes Radar

Object detection

Object classification
Distance estimation

Edge detection

Lane tracking

Visibility range

Poor weather performance
Dark or low illumination

performance

Ability to communicate with
other traffic or infrastructure

Automated Vehicle Connected Connected,

vehicle automated
vehicle

DSRC Radar, Lidar,

Camera and
DSCRC
nfa Good
n/a Good
Good Good
nfa Good
nfa Good
Good Good
Good Good
n/a Good
Good Good

Source: (Shoettle, 2017)

W uHpacTpyKTypa, 4TO HEyJUBUTEJNBHO, KOTOpas TPaJulu-
OHHO paccMaTPUBAETCA C TOYKH 3peHHsl TaKUX CTPYKTYD, KaK J,0po-
I'Y, MOCTBI U TPOTYaphbl, Ha KOTOPble Mbl MOX€M CMOTPETb U IPUKOC-
HYTbCS, TaK Kak oHU ¢pusnyeckue. OpgHako CAV GynyT 3aBUCETb He
TOJIbKO OT GU3UYECKOH, HO U 0T LHUPOBOI UHPpACTPYKTYpEL Kpaii-
He Ba)XXHO, YTO6bI MbI Haya/I1 IOHUMAaTb HEO6X0AMble U3MEHEHHs B
IUIAHUPOBAaHUM U NPOEKTUPOBAHUU HUHQPPACTPYKTYPHI - BKJIIOYAs
IIMPUHY JOPOTH, yJIMYHOE OCBellleHue, 6apbepbl 6€30I1aCHOCTH, Bbl-
BEeCKH, NIapKOBKY M HMHTeJIJIeKTya/bHble TPaHCIIOPTHbIE CHUCTEMBI.
Ham Taxxe He06XOAMMO PACCMOTPETD, Kak OyJeT BbIMIAAETD U Tel-
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3a OyAyllel JOPOXKHON ceTH U JJaHALADT, a TaKXKe PoJib YeJoBeKa
B 3ToM. B mupe CAV, TpaHcnopTHbIe cpeAcTBa OYAyT B3aUMOAEH-
CTBOBATb ¥ 06MEHUBATHCS JaHHBIMU APYT C JPYroM, a TaKXKe o6Me-
HUBATbCS AAHHBIMU C UHQPACTPYKTYPOH, TAKUMHU KaK CBeTOPOPHI U
yKasaTeJsu JiJis HelexooB. YTo6bI 3TOT 06MeH OblJ HAJ[€XKHbIM, Mbl
JAOJIXKHBI ITIOJTHOCTBIO YYUTBIBATH KaK HeOGXO/:[I/IMble JAaHHbIE, TaK U
UX Nepefady. ITO U COCTaBJseT LUPPOBYI0 HHPPACTPYKTYPY, KOTO-
PYI0 MbI IPe/ICTaBU/IN 06Pa3HO HAa pUCYHKE 2. B KAaKUX TO YacTsX UH-
TEHCUBHOTO GM3Heca, HalpuMep, AJis1 obecredeHus: 6€30MacHOCTH
NapKOBOK rpy30BUKOB EBponbl [16,17] 3Th U3MeHEHUs yKe HCCle-
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JIYIOTCS U IPOUCKOJAT.

O/1HaKo 3TO KacaeTcs He TOJIbKO IapKOBOK aBTOMOOUJIEH B aB-
cTpanuickoi pabote [18] 1, kak HaM KaxkeTcs], pucyHKd 10 1 11 ato
OYeHb HaI/IZIHO T0KA3bIBAIOT.

u

Vehicle-to-Vehicle

Vehicies can falk b each ofher

Vehicle-to-Device
Vehickes can tak o afer ransport devices

o]

B\
AN

Vehicle-to-Infrastructure Vehicle-to-Pedestrian

Noticks communicate wilh ransport e o pedestrians wi
structur <. e g, sgrage, o scuroach akts and vice versa

Vehicle-to-Grid

Vahicien may be part of seckiciy grd

Vehicles-to-Home
Vebicos actas part of e homms netwark

Puc. 10: TpancnoptHas TexHosiorust CAV 1 ee KOMMYHHMKALMU C BHELTHUM MupoM [18].

Fig. 10. CAV transport technology and its communication with the outside world [18].

Signage

Intersection design

Lane Merging
Lane size/structure

Puc. 11. [IpuMepb! K/I10YEBbIX TOYeK UHPPACTPYKTYphI A1t CAV — MOCTBI IMHUK
pasMeTKH TyHHeJIU CUTHa/IbHble 0603HaYeHUs! OCBelleHHe [lepeceyeH sl 0JI0C
JIBMDKEHUSI [10JIOCHI JIBHXKEHUS U UX pa3Mepbl U CTPYKTYphI [18].

Fig. 11. Examples of CAV Infrastructure Key Points — bridges, marking lines,
tunnels, signal symbols, lighting, lanes intersections, lanes and their dimensions

and structures [18].

[oBopsi Gostee cTporo, cBsi3b Mexy BceMu Bewamu (V2X) - aTo
nepejaya MHGOpPMaIUU OT TPAHCIIOPTHOTO CPeACTBa JII60MY JIHLLY,
KOTOpO€ MOXKET MOBJIUATb Ha TPAHCIIOPTHOE CPeJCTBO, U HA060POT.
JTO aBTOMOOUI/IbHASI CUCTEMA CBSI3H, KOTOPAsi BKJIIOYAET B cebs Apy-
rue 60siee KOHKpeTHbIE BU/bI CBA3H, Takue Kak V2I (TpaHcnopTHas
nHdpactpykrypa), V2N (MexnayroposaHsas cetb), V2V (aBTOMO-
O6UJIb-aBTOMOGUIIB), V2P (OT TpaHCHIOPTHOrO Cpe/iCTBA K MeLEX0AY),
V2D (TpaHcnopTHOe cpecTBO K ycTpoicTBy) U V2G (TpaHcnopTHoe
CpPeJICTBO K CETH).

OCHOBHBIMHM MOTHBaMU JiJisi V2X ABJISAIOTCS 6€30MacHOCTD J10-
POXKHOTO ABMXKEHUS, 3P PEeKTUBHOCTb ABMKEHUS U 9KOHOMUSA 3Hep-
ruu. CylecTByeT /iBa TUIIAa KOMMYHHUKAllMOHHBIX TeXHOJI0oTUM V2X B
3aBUCUMOCTH OT UcIoJb3yeMol TexHosioruu: 1) WLAN u 2) coToBas
cBa3b. CraHgaptusanusa V2X Ha ocHoBe WLAN 3ameHsieT cuctemy
V2X Ha cotoBoii ocHoBe. I[EEE BnepBble onmy6nkoBas crnenuduka-
nuio W2X na ocioBe WLAN (IEEE 802.11p) B 2012 roay. OH nojaep-

CoBpeMmeHHble
MH(opMaLMOHHbIEe
TeXHONornu

n UT-o6pasoBaHue

XKUBaeT NPSMYIO0 CBSI3b MeXAY TPAHCIOPTHLIMU cpejcTBamu (V2V) u
MeX/ly TPAaHCIIOPTHBIM CpeACcTBOM U HHpacTpyKTypoi (V2I). DSRC
HCIOJIb3YeT 0a30BYI0 pajHoCBA3b, npejocTaBisemyo 802.11p. B
2016 rony 3GPP ony6srkoBasa cnenudukanuu V2X Ha ocHoBe LTE B
KauecTBe 6a30BOM TexHOJ0rMU. OH 06BIYHO HA3bIBAETCs «COTOBBIN
V2X» (C-V2X), yT0o6BI OTIIMYUTB ce6s1 OT TexHoioruu V2X Ha ocHOBe
802.11p. B ponmosiHeHue K npsmoit csa3u (V2X, V2I), C-V2X Takxke
M0/I/lep>KMBaeT LIMPOKOMOJIOCHYI0 CBSI3b 1O coToBoM ceTu (V2N).
ITOT AONOJHUTE/bHBIN C1OCO6 CBA3U U COGCTBEHHBIN MyTh MUTPa-
1y Ha 5G sIBJISIIOTCS ABYMSI OCHOBHBIMU IIPEHMYILeCTBAMM 110 CPaB-
HeHHUIO c cucTeMoi V2X Ha ocHoBe 802.11p. Ha pucynkax 12,13 u 14
MBI TOCTAPaJIMCh AATh MPOCTble UJLIIOCTPALUU K CKa3aHHOMY BbILIE
B rpaduyeckoi popme.

»

(o) (®) (o) (o)

V2V: Vehicle to Vehicle

Puc. 12.V2V: TpaHcnopTHOe CpeJiCTBO K TPAHCIIOPTHOMY cpeAcTBY [15].
Fig. 12. V2V: Vehicle to vehicle [15].

Kaxx/j0e TpaHCIOpPTHOE CPesCTBO HpeACTaB/seT co6oil y3el,

CIOCOGHBIN OTHPABJISATh U MOJyYaTh KPUTHYECKYI0 HHPOPMALHIO O
6€30MaCHOCTH ¥ MOGHUJIBHOCTH JIPYTHM TPAHCIOPTHBIM CPeZCTBaM.

Puc. 13. V2I: TpaHcniopTHOe cpeAcTBO K MHpacTpykType [15].
Fig. 13. V2I: vehicle to infrastructure [15].

TpaHCHOpTHbIe CpeacTBa MOT'YT OTHPABJIATH U NOJYy4YaTb UH-

dopmarnuio K okpyxarwleil HHGpPacTPyKType, TaKo#, KaK CUTHAJIBI
ynpaBJieHust TPaQUKOM U JOPOXKHbIE AATIUKH.

»

(o) (o)

Puc. 14. V2X: aBToM06UIb KO BceMy [15].
Fig. 14. V2X: car to everything [15].
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TpaHcnopTHble cpeficTBa MOT'YT B3aUMOAEHCTBOBATh C JPYyTru-
MU TPaHCIOPTHBIMU CPeJCTBAaMU, UHPPACTPYKTYPHI U APYTUX MOJIb-
30BaTeJiel, NMyThb AJs1 6oJsiee 6Ge3omacHoro, 6osiee 3pPeKTUBHOU
TPaHCNOPTHOHM ceTu. Heo6X0AMMO OTMETHUTb, YTO HU3MEHEHHUS BO
BHelIHed UHPPACTPYKType He MOTYT cJe/aTb NPOU3BOAUTE/H aB-
ToMoG6UIel. OUeHb Ba)XXKHO, YTOOBI FOCyAapCTBEHHbIE OPTaHbl YCTa-
HOBHUJIM CBOIO TO3UIMI0 BOKPYT HEOOXOJUMOH LHudpoBOl HHPpa-
cTpyKTyphl A CAV 1 TpeGOBaHUH KaK AJ1s1 JAHHBIX, KOTOpble OHU
JIeJIAT C yTellecTBYOLeH 061eCTBEHHOCTbIO, TaK U JJIs JaHHBIX U
nHbOpMalUY, KOTOpble OHU OXMJAIT HOJIy4uThb. JII06as cucreMa
ynpaBJieHUs JaHHBIMU OyZeT 3aBUCETb OT HAJ€KHOM MOJUTUKU U
PYKOBOASAIMX MPUHIUIIOB B 06JIACTH YIIPaBJIeHUs], 06MeHa JJaHHbI-
MH U yIIpaBJ/IeHUs JaHHBIMH IPO AesATebHOCTb U [OCyJapCTBEHHbIE
opraHbl J0/DKHBI y9acTBOBATD B 3TOH 06J1aCTH, TOCKOJIBKY OHHU CTpe-
MSATCS CO3JaTh CUCTEMY pas/iesisieMOH U ClipaBeAJIMBOM TPAHCIOPT-
Hol ceTu. B Mozesu CAV, nofikpensieHHOM TOTOKOM M aHA/IM30M JlaH-
HBIX, Be Ay LIUX K I€PCOHAIN3UPOBAaHHOMY Ha60py MHPOPMAILMOHHBIX
YCJIyT, HaM TaK)Xe HeoOX0JUMO OyeT pacCMOTPeThb MOTEHIUAJ 3TO-
ro HOBOTO CBSI3aHHOT'O NOKOJIeH!s. EC/IM MpaBUTEIbCTBO MOXKET CO-
3[]aTh cpeJly, B KOTOpOH Kax/asd nHpopManus nepejada us my6any-
HOTO OopraHa HMeeT CBSI3aHHYI0 C Hed HHU3KOypPOBHEBYIO
MOHETH3ALMI0, TO 3TO CO3/ACT, KaK 06'beMbI yBeJIMYEHUS JaHHBIX,
TaK U NOTEHIMaJbHBIN J0X0/, KOTOPBIM 3aTeM MOXXHO GyZAeT UHBe-
CTUPOBATh B IIpeJie/Iax UM 3a IIpejieJlaMy TPaHCIopTa.
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